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WARRANTY

Notwithstanding any provision of any agreement the following warranly is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in malerial and
workmanship under normal use and service for the period of 1-year [rom date of purchase. This warranty exlends only
1o the original purchaser. This warranty shall not apply to fuses, disposable batteries (rechargeable type batleries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations.

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc., will repair and calibrate an
instrument returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor's
examination discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the
product in lieu of repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or
replacement will be made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal
conditions of operations, repairs will be billed at a nominal cost. In such case, an estimate will be submitted before
work 15 started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS,
OR ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO., INC., SHALL
NOT BE LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN
CONTRACT, TORT. OR OTHERWISE.

Il any fallure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO.. INC., or nearest Service facility, giving full details of the difficulty, and
include the model number, type number, and serial number. On receipt of this information, service dala, or
shlpping instructions will be forwarded to you.

2. On receipt of the shipping insiructions, forward the instrument, transportation prepaid Repairs will be
made at the Service Facility and the instrument returned, ransportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CO., INC., instruments should be made via United Parcel Service or "Best Way™*
prepaid. The instrument should be shipped in the original packing carton; or if il is not avaiiable, use any suitable
container that is rigid and of adequate size, If a substitute container is used, the instrumenl should be wrapped in paper
and surrounded with at least four inches of excelsior or similar shock-absorbing malerial.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon criginal delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufaclurer will not be responsible forshortages
against the packing sheet unless notified immediately. I the instrument is damaged in any way, a claim should be filed
with the carrier immediately. (To obtain a quotation to repair shipmenl damage, contact the nearest Fluke Technical
Cenler.) Final claim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO., INC, will be happy to answer all applications or use questions, which will enhance your
use ol this instrumenl. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX
©8090, EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Cuslomers: Fluke {(Holland) B V., P.O. Box
5053, 5004 EB, Tilburg, The Netherlands.

*For European customers, Air Freighl prepaid.
John Fluke Mfg. Co., Inc., P.O. Box C9090, Everett, Washington 98206

Rev. 6/81
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SECTION 1

INTRODUCTION AND SPECIFICATIONS

1-1.  INTRODUCTION

1-2. The Fluke Mocdel 931B RMS Differential Volt-
meter provides accurate true rms measurement of ac
signals from 0.003 to 1100 volts ac at frequencies of
2 Hz to 2 MHz. A conventional (TVM) mode is included
for rapid indication of the ac input rms value. Measure-
ment accuracies to +3% of end-scale are available on
the TVM mode. The differential {NULL) mode provides
a five digit in-line display of the ac input rms value.
Location of the decimal point is accomplished auto-
matically during the differential measurement. The
meter end-scale is calibrated in percentage of dial
settings for differential measurements, aiding in the
measurement of deviations from a nominal value. A
linear recorder output enables the instrument to be
used as an rms ac to dc converter, as well as for pro-
duection testing.

1-3. Since the instrument is an rms responding device
instead of the average or peak responding, it is suitable
for measurement and calibration of square, triangular,
saw-tooth, and other non-sinusocidal waveforms. The
instrument measures the true rms value of these wave-
forms regardless of the harmonic or phase variations
in the harmonics.

1-4. The bagic Model 931B contains a front panel BNC
input and operates strictly from the available line power.
Optional features are available for the instrument to
provide a probe input and a rechargeable battery power
gource. The rechargeable battery option is identified
ag the -01 option and the probe input option is identified
as the -02 option. The combination of both of these
options is identified as the -03 option. A rear panel
decal indicates which, if any, options are installed in
the Model 931B.

1-5. The instrument is campletely solid-state in design
and packaged in a compact lightweight configuration for
portable field or factory applications. The instrument
ig half rack, 19 inch standard, in size and is equipped

www.valuetronics.com

with resilient feet and a tilt-down bail for bench-top
use. Rack adapter kits are available for single or side-
by-side mounting in a standard 19 inch relay rack.
Single unit mounting is provided with the 881A-102 rack
adapter kit while side-by-side mounting is provided
with the 881A-103 rack adapter kit.

1-6. ELECTRICAL SPECIFICATIONS

DIFFERENTIAL (NULL) MODE

INPUT VOLTAGE RANGE

0.01 to 1100 volts rms in five ranges of 100 millivolts,
1000 millivolts, 10 volts, 100 volts, and 1000 volts,
each with 10% overranging.

FREQUENCY RANGE
NULL DAMPING - 2 Hz to 10 Hz
Normal Mode - 10 Hz to 1 MH=z

NULL RANGES
Meter end-scale calibrated in percentage of readout dial
settings.

10% (0. 2% per scale division)
% (0. 1% per scale division)
1% (0. 02% per scale division)

. 3% {0. 01% per acale division)

. 1% (0. 002% per scale division)

ACCURACY (at 23°C 1°C)

NULL DAMPING (2 Hz - 10 Hz)*
2 Hz to 3 Hz

+1% of input, 0.01 to 1100 volts rms
JHz to 5 Hz

+0. 5% of input, 0.01 to 1100 volts rms
5 Hz to 10 Hz

+0. 2% of input, 0.01 to 1100 volts rms

NORMAL MODE (10 Hz - 2 MHz)
10 Hz to 20 kHz

1-1
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£0, 2% of input 0. 01 to 1100 volts rms
30 Hz to 50 kHz

+(0. 05% of input +0., 005% of range), 0.01 to 500 volts

rms
30 Hz to 20 kHz

£0, 1% of input, 500 to 1100 voits rms
20 kHz to 50 kHz

40, 15% of input, 500 to 1100 volts rms
50 kHz to 100 kHz

£0. 2% of input, 0. 01 to 1100 volts rms
**]100 kHz to 200 kHz

+0. 5% of input, 0.01 to 1100 volts rms
*#200 kHz to 500 kHz

+1.0% of input, 0,01 to 1100 volts rms
**500 kHz to 1 MHz

£3. 0% of input, 0.01 to 1100 volts rms

*Voltages at frequencies above 10 Hz can be measured
with the NULL DAMPING switch in the 2 - 10 H2 position
without introducing any additional error, but the time
required to obtain a reading when high resolution is re-
quired is excessive.

**[nput voltages x frequency product should not exceed
1 x 10® Volt - Hertz.

CREST FACTOR
Ten or 1500 volts peak.

TEMFERATURE COEEFFICIENT OF ACCURACY
(0°C to 50°C)

2 Hz to 3 Hz +0.1%/°C

3 Hz to 5 Hz %0, 05%/° C

5 Hz to 30 Hz 0, 025%/° C
30 Hz to 30 kHz +0, 0025%/° C
30 kHz to 50 kH=z +0. 004%/° C
50 kHz to 200 kHz +0.01%/°C
200 kHz to 1 MHz +0.03%/°C

CONVENTIONAL (TVM)} MODE

INPUT VOLTAGE RANGE
0.003 to 1100 volts rms in eleven end-scale ranges of

100 millivolts to 1000 volts in 1, 3 sequence, each with
10% overranging,

INPUT FREQUENCY RANGE

2 Hz to 2 MH=z.

ACCURACY

10 Hz to 500 kHz +3% of end-scale
2 Hz to 2 MHz +8% of end-scale

CREST FACTOR
Ten at end-scale increasing proportionally to 30 at 1/3
scale or 1500 volts peak maximum.

GENERAL

INPUT
Model 831B or 931B-01
BNC connector mounted on front panel.
Model 831B-02 or 931B-03
Probe and 36 inch cable mounted to front panel.

INPUT IMPEDANCE
Model 931B and 331B-01

1-2
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1 Megohm shunted by less than 8 pf at the front panel
BNC connector.

Model 931B~02 and 931B-03
1 Megohm shunted by leas than T pf at the probe tip.

SHORT TERM STABILITY
Better than 0, 005% per hour and 0. 02% per day without
adjustment of the front panel PUSH TO CAL control.

LONG TERM STABILITY

Better than 0. 01% for 30 days and 0. 02% for 90 days,
reset to zero during periodic adjustment of the front
panel PUSH TO CAL control.

OVERLOAD PROTECTION

Transistor driver and relay protect the instrument from
damage by overloads up to 1500 volt peak or 1000 volts
rmg on any range. The overload protection circuitry
is automatically reset upon removal of the overload.

LINE REGULATION
Better than 0.0005% for a 10% line voltage change from
the nominal.

DC RECORDER OUTPUT

Linear proportional to the meter deflection. Either ane
volt de at end-scale (one kilohm output resistance) or
adjustable from zero to one volt d¢ at end-scale. Ac-
curacy of output (0°C to 50°C):

+1% of end-scale.
+5% of end-scale.

10 Hz to 500 kHz
2 Hz to 2 MHz

INPUT POWER

Model 931B and 931B-02
115/230 volts ac, 50 to 440 Hz, at approximately
three watts.

Model 931B-01 and 931B-03
115/230 volts ac, 50 to 440 Hz, plus 22 hours mini-
mum operation from fully-charged battery pack.
Input power of 25 watts required for recharging of
battery pack while operating the instrument.

1-7.  ENVIRONMENTAL SPECIFICATIONS

OPERATING TEMPERATURE RANGE
0°C to 50°C.

STORAGE TEMPERATURE RANGE
Model 931B and 931B-02
40°C to +70° C.

SHOCK
Meets hammer blow requirements of MIL-T-945A.

VIBRATION
Meets all requirements of MIL-T-945A,

1-8. MECHANICAL SPECIFICATIONS
WEIGHT
Model 931B and 931B-02

11-1/2 pounds.

Rev. 3-75



Model 931B-01 and 931B-03
15 pounds.

MOUNTING
Resilient feet provide for bench and portable use. For

931B

side-by-gide EIA rack mounting of two instruments,
use adapter kit 8814 -103 which includes handle brackets
and key plate. For EIA rack mounting of a single in-
strument, use adapter kit 881A-102 which includes
brackets with handles.

——— B - 1/2" ——— e 11 - 3/4" —————
F- - [,
'y : @ @ G 4
=] ¢
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7-7/16" ¢ @ ‘ = 4
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Figure 1-1. MODEL 9318 OQUTLINE DRAWING
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static awareness

A Message From

John Fluke Mfg. Co., Inc.

damaged by electrostatic discharge during
handling. This notice explains how you can
7/} minimize the chances of destroying such devices

o| || by .
I 1. Knowing that there is a problem.

2. Learning the guidelines for handling them.
3. Using the procedures, and packaging and
bench techniques that are recommended.

\ I / Some semiconductors and custom IC's can be

The Static Sensitive (5.5.) devices are identified in the Fluke technical manua! parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

3. DISCHARGE PERSONAL STATIC
BEFORE HANDLING DEVICES

1. MINIMIZE HANDLING

4

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.5. DEVICES BY THE BODY

Page 1 of 2
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5. USE ANTI-STATIC CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

7. AVOID PLASTIC, VINYL AND STYROFOAM®
IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC,
AND GENERAL DYNAMICS, POMONA DIV.

© Dow Chemical

Page 2 of 2

www.valuetronics.com

8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR USUALLY
PROVIDES COMPLETE PROTECTION TO
INSTALLED SS DEVICES.

\- Y

9. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

Anti-static bags, for storing S.S. devices or pcbs
with these devices on them, can be ordered from the
John Fluke Mfg. Co., Inc.. Seesection5inany Fluke
technical manual for ordering instructions. Use the
foliowing part numbers when ordering these special
bags.

John Fluke Part No. Description
453522 6" X 8" Bag
453530 8" X 12" Bag
453548 16" X 24" Bag
454025 12" X 15" Bag
Pink Poly Sheet Wrist Strap
30" x60"'x60 Mil P/N TL6-60
P/N RC-AS-1200 $7.00

$20.00

JGOBOB-07U7810/SE EN  Litho in U.S.A.



931B

SECTION I

OPERATING INSTRUCTIONS

2-1. INTRODUCTION

2-2, This section of the manual contains the infor-
mation necesgsary for you to effectively operate your
Model 931B RMS Differential Voltmeter. Itis recom-
mended that you thoroughly read and understand this
section of the manual before attempting to operate your
instrument.

2-3. Should any difficulties be encountered during the
operation of your instrument please feel free to contact
your nearest John Fluke Sales Representative or write
directly to the John Fluke Mfg. Co., Inc., Box 7428
Seattle, Washington with a statement of your problem.
A complete list of Sales Representatives is contained
at the rear of this manual.

2-4. OPERATION FROM 115/230 VAC POWER

2-5. Input power from either a 115 or 230 volt ac
power line can be used to operate the Model 931B. The
instrument's input power transformer primary winding
is comprised of two windings which, when connected in
parallel, allow operation from 115 volts ac or, when
connected in series, allow operation from 230 volts ac.

2-6.  This instrument is usually shipped with the power
transfor.ner primary windings connected in parallel for
operation from a 115 volt ac power line. However, if
requested, the power transformer is wired for operation
from a 230 volt ac power line during manufacture, A
rear panel decal will indicate the required 115 or 230
volt ac power necessary to operate the instrument. To
convert your instrument to either a 115 or 230 volt ac
power input, perform the following steps:

a. Disconnect line power cord from line power and re-
move upper rear dust cover from instrument.

b. Locate the power transformer terminals on the rear
panel and solder jumper wires in the desired 115 or
230 volt power configurations, A decal located on
the power transformer illustrates the necessary
connections,

www.valuetronics.com

c. Install the corresponding 115 or 230 volt 1/4 or 1/8
ampere AGC fuse in the rear panel fuseholder.

d. Replace the upper rear dust cover.
2-7. OPERATING FEATURES

2-8. Al of the Model 931B controls, terminals, and
indicators are illustrated and described in Figure 2-1.

2-9. PRELIMINARY OPERATING PROCEDURES

2-10. Connect the Model 931B line power cord to the
available line power and proceed as follows:

WARNING!

The instrument's case is connected fo the
round pin on the three-prong connector of
the line power cord. Whenever this instru-
ment is operated from line power, ensure
that this round pin is connected to a high
quality earth ground.

a. Place the Model 931B controls to the following

positions:
POWER ON
RANGE 1000 VOLTS
MODE TVM X1
NULL DAMPING 10Hz.-2MHz
Readout dials 00. 00

b. Allow the instrument's circuitry to stabilize for
approximately one minute.

c. Press the PUSH TO CAL control and rotate as nec-
essary to achieve a zero meter indication,

d. The desired rms measurements can now be per-
formed. However, it recommended that the fol-
lowing Operational Test be performed to verify
instrument operation.
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METER
in the NULL mode of operation, the meter
is a null indicator. Scale calibration of
1-0-1 or 3-0-3 is determined by the MODE
switch percent DEVIATION FROM DIALED
VOLTAGE position, During the TVM Mode
MECHANICAL ZERO of operation, the meter functions as a con-~
Screwdriver Qdius[ment to ventional voltmeter with +1 or +3 scale
sel the meter to zero, ( determined by the MODE switch RANGE
3 MULT selected.
INPUT
Provides connection to vol-
toge being measured,

RANGE SWITCH
Selects one of five voltage
ranges available and posi-
tions the decimal point for
the Readout diols.

PUSH TO CAL -
Push and rotate control used
to compensate for ambient
temperature changes and
long term drift. PUSH TO
CAL control is used to set
for meter zero prior to use

on NULL mode.
NULL DAMPING

Provides additional meter

domping on the NULL mode READOUT DIALS

when ploced to the 2Hz - During NULL mode of operation
10Hz position. MNormal op- these controls are adjusted to
eration is providedon the achieve meter zero (null). The
10Hz - 2 MHz position. READQUT DIALS indicate the

magnitude of the input voltage,

CALIBRATED OUTPUT
For full scale meter defection,
this control provides adjust-
ment of the RECORDER OUT-
PUT voltage from 0 to 1 velt.
A switch at the clockwise
extremity of movement pro-
vides a calibroted 1 volt out-
put when the input signal is
equal to full-scale defection.

POWER SWITCH

OFF position-power removed ||

from Model 931B. ON or
LINE OPR position-Madel
931B operated on line power,
BAT CHG LINE OPR postion-
Model 2318 01 operated on
line power while charging
batteries, BAT CHK position
-indicated relative charge of
batteries on the Model 931B-
01 meter. BAT OPR postion
~Model 9318-01 operated on
internal battery supply.

" MODE SWITCH

TVM Mode-Selection of one
of three range multipliers
availabje for on-scale meter
deflection, NULL Mode -
Selection of one of five per
cent of deviation of dialed
voltage postions available.
Meter resolution of 20 ppm
of input per small divisions
available on the. 1% NULL
range.

RECORDER
OUTPUT TERMINALS

~ Provides up to one volt out=-
put for extemal recorder,

Figure 2-1, MODEL 9318 FRONT AND REAR PANEL CONTROLS
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2-11. OPERATIONAL TEST

2-12. The following information is provided for the
operator to initially verify instrument operation. These
tests will check relative ingtrument operation and are
not intended as instrument performance checks. Should
you wish to check the accuracy of the instrument against
the specifications contained in Section I, refer to the
Performance Checks described in Section IV of this
manual.

2-13. To determine relative instrument operation,
perform the operations deacribed in paragraphs 2-9 and
2-10 and proceed as follows:

a, The decimal point should be illuminated between
the two right hand Readout dials.

b. Place the RANGE switch to the 100 and then 10
VOLTS position, observing that the decimal point
moves one place to the left as the range i3 de-
creased.

¢. Place the RANGE switch to the 1000 MILLIVOLTS
position, observing that the decimal point between
the two right hand Readout dials is illuminated.

d. Place the RANGE switch to 100 MILLIVOLTS, ob-
serving that the decimal point moves one position
to the left.

e. Connect a short bus-wire to the center connector of
the BNC INPUT connector or the probe tip.

f. Whenever the bus-wire is touched, the meter pointer
should deflect to the right.

g. Remove the bug-wire from the INPUT connector
or probe.

h. Place the MODE awitch to NULL 10%. The overload
relay should be chattering and the meter pointer
pinned at right full-scale.

i. Rotate the extreme right-hand Readout dial clock-
wise, obgerving that a zero meter indication is
obtained at a dial setting between 03 to 50,

2-14. I the results of the Operational Test agree with
the information glven, it can be assumed that the instru-
ment is operating normally and measurements can now
be performed.

2-15. OPERATION AS A CONVENTIONAL RMS
VOLTMETER

2-16. Conventonal (TVM) rms measurements from
0. 003 to 1100 volts ac at frequencies of 2 Hz to 2 MHz
are available with the Model 931B. To operate the in-
strument as a conventional rms voltmeter, perform the
operations described in the Preliminary Operating
Procedures (paragraphs 2-9 through 2-10) and proceed
as follows:

a. Ensure that the ac source to be measured has a
ground reference and then apply the ac voltage to
be measured to the INPUT of the Model §31B.
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CAUTION!

Damage to the ac source, the Model 931B,
or both may occur if the ac source is float-
ing relative to earth ground.

b. Place the RANGE switch to the lowest voliage range
posaible while maintaining an on-scale meter de-
flection. Use the MODE switch X. 3 and X. 1 RANGE
MULT positions to obtain a meter deflection greater
than 1/3 of full-scale. The meter end-scale of 1
or J is determined by respective X1 or X.1 and
X. 3 pogition of the MODE switch.

¢. The resulting meter deflection, multiplied by the
product of the RANGE, and MODE switch positions,
is the rms value of the measured ac voltage.

Yote!

If the meter pointer is observed to oacillate,
such as is the case when measurements
below 2 Hz are made, average the meter
pointer excurslons to determine the true
rms value of the ac input voltage,

2-17. OPERATION AS A DIFFERENTIAL RMS
VOLTMETER

2-18. An improved accuracy up to 60 times over that
of the TVM mode is realized whenever the Model 931B
is operated as a differential rms voltmeter. To operate
the instrument as a differential rms vdtmeter, proceed
as follows:

a. Determine the relative value of the measured ac
voltage by performing the TVM mode measurement
described in paragraphs 2-15 and 2-16,

b. Place the NULL DAMPING switch to the 2 Hz-10 Hz
or 10 Hz-2 MHz positon which corresponds to the
measured ac signal frequency.

¢. Place the Readout dials to the TVM mode measure-
ment value,

d. Place the MODE switch to the NULL 10% position
and adjust the Readout dials for a zZero meter in-
dication. Meter deflection to the right indicates
the measured ac voltage is greater than the Readout
dial gettings. Meter deflection to the left indicatea
the measured ac voltage is less thar the Readout
dia] settngs.

e. Place the MODE switch to succesasively higher
NULL sensitivities and adjust the Readout dials
for a zero meter deflection, The meter deflection
on the NULL mode is scaled in termas of percentage
of dialed voltage. Meter scale resolution for the
.1% NULL range is 20 ppm of the measured ac
voltage per amall division.

f. The Readout dlals digit value directly corresponds
to the true rms value of the measured ac voltage,
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Hote!

Voltages smaller than 1/10 of full-scale
are not normally meagured on a given range
since a lower range should be selected. For
voltages less than 10 millivolts, measure-
ments are made with a reduced accuracy.
Refer to Figure 2-2 for typical accuracy
specificationa below 10 millivolts rms.
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INPUT VOLTAGE IN MILLIVOLTS

FREQUENCY IN HERTZ

Figure 2-2, ACCURACY SPECIFICATIONS BELOW
10 MILLIVOLTS
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2-19. RECORDER OUTPUT OPERATION

2-20. The Model 931B RECORDER OUTPUT can be
used to drive a zero-center recorder to provide a record
of the meter defiection. The RECORDER QUTPUT
voltage is adjustable from zero to one volt dec for a full-
scale meter deflection on the TVM mode. Since the low
RECORDER OUTPUT terminal is grounded, as long as
the instrument is operated with its power cord connected
to line power, input isolation characteristics of the re-
corder can be disregarded. To use the RECORDER
OUTPUT to drive a zero-center recorder, proceed as
follows:

a, Connect the zero-center recorder input to the Model
831B RECORDER OUTPUT terminals.

b. Turn the recorder on and perform the Preliminary
Operating Procedures described in paragraph 2-9
and 2-10.

c. Rotate the RECORDER OUTPUT ADJUST control
maximum clockwise to provide a one volt dc output
to the recorder for a full-scale TVM meter de-
flection. If a full-scale cutput of less than one volt
is desired, apply a full-scale TVM input to the
Model 931B and rotate the RECORDER QUTPUT
ADJUST control counter-clockwise until the desired
output level is obtained.

d. Apply the ac signal that is to he monitored to the
INPUT of the Model 931B, The resulting meter
excursions of the instrument are now recorded by
the external recorder,

Yore!

If the Model 931B is operated on the NULL
mode, the RECORDER OUTPUT is propor-
tional to the excursions of the monitored
voltage above or below the Readout dial

settings.

2-21. APPLICATIONS

2-22. MEASUREMENT OF VOLTAGE EXCURSIONS
ABOUT A NOMINAL

2-23. Whenever the instrument is operated on the dif-

ferential (NULL) mode, the meter end-scale is calibrated
to be a known percentage of the Readout dial setting,
thus providing rapid determination of voltage excursions
about a nominal value. To measure voltage excursions
about a nominal value, proceed as follows:

a4, Determine the nominal value of the measured ac
voltage using the TVM mode. Refer to paragraphs
2-15 and 2-16 for the TVM mode operating proce-
dures.

b. Place the Readout dials to the nominal TVM mode
value measured in step a and select the desired
full-scale NULL sensitivity with the MODE switch.

¢. The voltage excursions, in percent of the Readout
dial settings, are now indicated by the meter de-
flection.



2-24, DBM MEASUREMENTS

2-25, The Model 931B, when used with a 600-ohm load,
will function as an output meter. Inthis application the
output to be measured must be terminated into a 600-ohm
load and the Model 931B INPUT connected across the
load, The Model 931B is then operated on the TVM or
NULL mode and the resulting meter deflection or read-
out dial indication converted to DBM using the infor-
mation provided in Figure 2-3. For DBM measure-
ments on ranges above 100 MILLIVOLTS, multiply the
voltages listed in Figure 2-3 by ten for each range and
then add 20 dbm for each range.

DBM LEVEL FOR
INDICATED VOLTAGE | 100 MILLIVOLT RANGE
(VOLTS AC) (1 mw into 600%)
. 00975 -38
. 01227 -36
. 01545 -34
.01946 -32
. 02450 -30
.03088 -29
. 03897 -26
. 04887 -24
. 06150 -22
. 07746 -20
. 09752 -18
Figure 2-3. 100 MILLIVOLT RANGE DBM

CONVERSION TABLE
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2-26, OPERATION AS AN AC TO DC CONVERTER

2-24. Whenever the Model 931B is operated on the
TVM mode, the linear recorder output provides a dc
voltage proportional to the meter deflection. This de
voltage can be monitored with a dc differential volt-
meter, thus allowing the instrument to function as a
true rms ac to de converter,

2-28. OPERATING NOTES
2-29. GROUND LOOP CURRENTS

2-30. A potential difference often exists between dif-
ferent points of power system grounds. Consequently,
current may flow from one power system ground through
the Model 931B and the voltage source being measured
to another power gystem ground. These ground loop
currents should be avoided as they generate voltages
that degrade measurement accuracy. To prevent these
ground loop currents, operate the Model 531B from
the same power line ag the ac voltage source being
measured or operate the instrument from battery power
with its line power cord disconnected.

2-31. OVERLOAD PROTECTION

2-32, The Model 931B will withstand up to 1500 volts
peak or 1000 volis rms on any voltage range. Input
circuitry of the instrument is protected by a silicon
diode and the thermocouples are protected by a tran-
sistor driver and relay. The overload relay is auto-
matically reset upon removal of the overload. Should
the instrument be subjected to prolonged overloads,
excessive dissipation in the input circuitry and its pro-
tective device will result in thermally induced inac-
curacies, These inaccuracies will take several minutes
to subside after removal of the overload.

2-5
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SECTION 111

THEORY OF OPERATION

3-1. INTRODUCTION

3-2, The theory of operation for the Model 931B
RMS Differential Voltmeter is contained in this section
of the manual. Basic rms measurement principles
are first discussed to initially orient the reader with
the structure of the instrument circuitry. A functional
block diagram analysis followed by a detailed circuit
degcription of each particular block section is then
discussed to completely describe the instrument cir-
cuitry.

3-3. Since this information can be an asset when used
to troubleshoot the instrument, it is recommended that
this section of the manual be thoroughly read and under-
stood before attempting any maintenance on this instru-
ment.

3-4. RMS MEASUREMENT PRINCIPLES
3-5. INTRODUCTION

3-6. The ac standards maintained by the National
Bureau of Standards are comprised of a reference group
of vacuum thermocouples and thermal voltage con-
verters. These stapdards respond to the heating effect
of an applied ac or dc signal which 1s then compared to
the heating effect of a stapdard ac voltage. However,
because of the theoretical uncertainty of intercomparison
as a means of establishing an absolute standard, the
resulting NBS test reports contain a basic uncertainty
of £100 ppm.

3-7. Because of the basic uncertainty involved in the
NBS test reports, ac measurements made with an ab-
solute accuracy of 0. 1% or better can be considered to
be highly accurate. The results of these ac measure-
ments are usually expressed mathematically as the
root-mean-square (rms) value. This rms value is equal
to the amount of alternating current that will produce
the same heating effect as an equal amount of de current.
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3-8. VACUUM THERMOCOQUPLES

3-9, Vacuum thermocouples provide an excellent
means for accurately sensing the rms value of an ac
voltage since they respond only to the heating effect of
the applied current. A vacuum thermocouple ia com-
prised of an evacuated glass envelope containing a re-
gistive heater element and an electrically isolated
thermocouple junction. The thermocouple junction
senses the temperature of the heater element and pro-
duces an output emf which is proportional to the tem-
perature of the heater element. Since the temperature
of the heater element is proportional to its dissipated
power, which is in turn proportional to the square of
the heater element current, the thermocouple junction
output emf is nearly proportional to the square of the
applied heater element input signal. Deviations from
the approximate square law output characteristics are
caused by the heater element temperature coefficient,
radiation losses from the heater element, and other
affects.

3-10. The ac-de thermal transfer technique previously
discussed in paragraphs 3-6 and 3-7 does not readily
lend itself to direct reading instrumentation. However,
the same measurement process may be performed
continuously by using the differential connection of two
vacuum thermocouples as illustrated in Figure 3-1.
With this arrangement, the combined output of two
thermocouples will be zero (null} when the ac input
signal is equal to the dc reference. The comparison
error at null will be quite small, however, ofi-null
accuracy will be degraded by the appraximate square-law
characterigtics of the vacuum thermocouples. In ad-
dition, relatively poor temperature coefficient matching
and poor differential long term stability will also require
that recalibration of the thermocouples be accomplished
periodically to maintain an accurate null comparison
over a long period of time,

3-11. The effects of these problems have been over-
come in the Model 931B by first preceding the ac input
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AC INPUT DC CURRENT

AC THER-
COUPLE

DC THER-
COUPLE

\/

NULL DETECTOR

Figure 3-1, DIFFERENTIAL THERMOQCOUPLE

to the thermocouple with a variable gain amplifier and
secondly, by thertnocouple calibration circuitry. Figure
3-2 illustrates a greatly simplified block diagram of the
instrument’s circuitry. The variable gain amplifier is
used so that the measurement is always performed at the
same input level to the thermocouples and since the
gain of the ac amplifier is accurately known, the measur-
ed ac signal rms value can then be determined. The
thermocouple calibration circuitry provides a means of
eliminating the temperature and long-term drift char-
acteristics of the thermocouples.

3-12. BLOCK DIAGRAM ANALYSIS
3-13. INTRODUCTION

3-14. The Model 931B circuitry is comprised of an
input amplifier, a variable gain ac amplifier, two vacuum
thermocouples, a null detector, a meter amplifier, a
meter, calibration circuitry, and a power supply. A
block diagram of the instrument's circuitry is illustrated
in Figure 3-3.

3-15. CONVENTIONAL TVM MODE

3-16. When the Model 931B is operated on the conven-
tional TVM mode, its circuitry is connected as illustrat-
ed in Figure 3-3. Input ac signals are amplified or at-
tenuated by the input amplifier and applied to the follow-
ing variable gain ac amplifier. Both the input and vari-
able gain ac amplifiers are operational amplifiers and
have a gain proporticnal io the ratio of feedback im-
pedance to their input impedance. Gain of the input
amplifier is controlled by one of four feedback networks
selected with the RANGE swiich for corresponding .1 to
100 volt ranges. The {ifth or 1000 volt range is obtained
by using the 100 volt range feedback network and passing
the input amplifier output through a 10;1 attenuator.
The gain of the variable gain ac amplifier is controlled
by one of three feedback networks selected with the
MODE switch. Gain progression of X.1, X, 3, and X1
are used to provide a total of 15 overlapping voltage
ranges for the instrument. The output of the variable
gain ac amplifier is passed through the heater of TC1
which generates a dc output proportional to the heating
effect of its heater signal, regardless of the waveform
shape. The null detector then amplifies the output of
TC1 and provides a dc current through Eg and the heater
element of TC2 which is proportioml to the rms value of
the ac current through the heater of TC1. The meter
amplifier senses the voltage drop across R and the
heater of TC2, amplifies the signal, and drives the
meter and recorder output.

3-17. DIFFERENTIAL NULL MODE

3-18. By placing the MODE switches of Figure 3-3 to
the NULL position, the instrument circuitry is connected
as a differential rms voltmeter. On this mode of oper-
ation, the input amplifier operates the same as on the
TVM mode and amplifies or attenuates the input ac
signal. Gain of the variable gain ac amplifier is now
controlled by feedback through the Readout dial net-
work and is inversely proportional to the Readout dial
settings. The resulting output of the variable gain ac

VARIABLE GAIN
AC AMPLIFIER

AC INPUT (&5

DC REFERENCE VOLTAGE

CALIBRATION e REFERENCE
CIRCUITRY VOLTAGE

NULL METER

DETECTOR

3-2

Figure 3-2. SIMPLIFIED MODEL 931B BLOCK DIAGRAM
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Figure 3-3, THE MODEL 931B FUNCTIONAL BLOCK DIAGRAM

amplifier is passed through the heater element of TC1
which generates a dc ocutput that is in opposition to the
established dc reference output of TC2. The dc refer-
ence for TC2 is derived from a zener reference voltage
and the gelf-calibrate circuitry. The null detector then
amplifies any resulting voltage difference between the
two thermocouples and adds or subtracts a small amount
of current to the reference current of TC2. The meter
amplifier senses the polarity and magnitude of the voltage
drop acrosa R, amplifies the signal, and drives the
meter and recorder output, The Readout dials are
then adjusted until the output of TC1 matches the output
of TC2 and a null condition is detected. The Readout
dials digit indications are then directly proporticnal
to the rms value of the measured ac signal.

3-19. CALIBRATION MODE

3-20. A characteristic of vacuum thermocouples is
that their response tends to drift with time and temper-
ature. Even though a pair of thermocouples may be
carefully selected and matched, they drift independently
and the accuracy with which comparisons are made is
degraded.

3-21. The calibration circuitry contained in the Model
931B provides a means of adjusting the current flowing
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through the heater of TC2 until it matches a dc refer-
ence current that 1s passed through the heater of TC1.
The dc reference current pagsed through the heater of
TC1 during calibration is equal in heating effect to an
ac current through its heater element when the Readout
dials digit value is equal to the rms value of a measured
ac voltage.

3-22, When the PUSH TO CAL control is depressed,
the overload calibrate relay is energized, disconnecting
the heater element of TC1 from the oulput of the variable
galn ac amplifier and applying instead, a dc reference
current through the heater of TC1. The null detector
then detects any resulting difference between the outputs
of TC1 and TC2 which is then displayed on the meter.
The PUSH TO CAL control is then rotated to adjust the
current through the heater of TC2 until a null is indicated
on the meter and the output of TC2 matches the output
of TCL.

3-23. CIRCUIT ANALYSIS
3-24. INTRODUCTION

3-25. The following paragraphs describe in detail the
circuitry contained in the Model 931B. Functional
schematic diagrams of the instrument circuitry are
located at the rear of the manual.

3-3



931B

3-26. INPUT AMPLIFIER

3-27. The Input Amplifier i1s comprised of five stages
of direct coupled ac amplifiers forming an operational
amplifier. Negative feedback networks are adjusted to
be a precise multiple of the fixed R/C input network
which result in the amplifier gain being a predictable
inverse function of the selected RANGE.

3-28. Measured ac input voltages applied to the instru-
ment are amplified or attenuated by the Input Amplifier
comprised of Q101 through Q105. The input circuit of
the amplifier is composed of R1 and C1 which maintains
a high input impedance of one megohm shunted by less
than seven pf. By placing this input R/C network in the
probe on the probe version instruments, the input to the
amplifier i9 effectively extended the length of the probe
cable, thus eliminating the probe cable capacity. Cver-
load protection for the Input Amplifier circuitry is
provided by the diode CR101. Since the input summing
junction is driven to zero volts by negative feedback,
voltage excursions in excess of 0. 7 volts constitute an
overload and are shunted to ground by conduction of
CR101. The input stage of Q101 is a field effect tran-
sistor (FET) utilized for its high input impedance and
low noise features. The common-hase stage of Q102
and the common-emitter stage of Q104 provide the
necessary voltage gain of the input ac signal. Emitter
followers Q103 and Q105 are used for impedance match-
ing. Bias of Q102 and subsequently the remainder of
the amplifier is adjusted with R105, adjustment H. High
frequency compensation is provided by negative [eed~
back from the collector of Q104 through C108 and the
components selected by the RANGE switcheg 5101C and
5101D to the base of Q103. Bootstrap capacitor C110,
located in the emitter-follower stage of Q103, provides
for additioml gain Extermal negative feedback networks
selected by S101A and S101E control the forward gain of
the Input Amplifier in 20 db decade steps. On the 100
MILLIVOLTS range, the feedback resistance R129 is
selected, and the network compensated with C119. On
the 1000 MILLIVOLTS range, the impedance of the
selected feedback network is reduced to one-tenth the
input impedance, resulting in one-tenth the forward gain.,
The 10 and 100 voit range feedback networks reduce the
forward gain in a similar manner, thus providing four
10:1 steps of gain for the Input Amplifier. The 1000
volt range is provided by using the 100 volt range feed-
back network and passing the amplifier output through
a 10:1 attenuator. The RANGE switch S101F provides
the necessary circuit connections for the 10:1 attemuator
comprised of R119 through R122, Variable resistor
R121 provides calibration of the attenuation factor.

3-29, VARIABLE GAIN AC AMPLIFIER

3-30. The Variable Gain AC Amplifier is comprised
of five stages of amplification forming an operational
amplifier. Nepgative feedback, which is one of three
fixed values on the TVM mode and a variable value on
the NULL mode, controls the forward gain of the am-
plifier.

3-31. AC signals from the preceeding input amplifier
are amplified by the Variable Gain AC Amplifier com-
prised of Q201 through Q207. The common-emitter

3-4
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stages of Q201 and Q203 provide the necessary voltage
gain for the ac input signal. Emitter-followers Q202 and
Q204 are used for impedance maiching. The push-pull
complementary amplifier stage of Q206 and Q207 pro-
vides a continuous ac signal through the normally closed
contacts of K201 and the heater of TC1, Transistor
Q205 establishes the blas level of the push-pull am-
plifier, and R222, adjustment P, provides symmetry
adjustment. Variable resistor R204, adjustment M,
provides bias adjustment for Q201 and subsequently
the remainder of the amplifier circuitry. Low frequency
compensation is provided by negative feedback from the
emitter of Q204 to the emitter of Q201. Resistor R248
provides adjustment of the low frequency compensation.
Hiph frequency compensation is provided by negative
feedback from the collector of Q203 through C206 and
C207 to the base of Q202, External negative feedback
networks, selected with the MODE swiich S2E and S2F,
control the forward gain of the amplifier. On the TVM
mode, the value of the feedback network impedance is
reduced by a factor of ten as the MODE switch pro-
gresses from X. 1 to X1, resulting in a corresponding
reduction in forward gain. During the NULL mode of
operation, the feedback impedance is controlled by the
Readout dial network and is inversely proportional to
the Readout dial settings. The R/C networks in parallel
with the heater elemernt of TC1 provide overall frequency
compensation for both the Input and Variable Gain AC
Amplifiers. Compensation at 20 kHz is provided by
selection of values for C218 and R233. Compensation
at 500 kHz is provided by selection of values for C219
and R234.

3-32. VACUUM THERMOCOUPLES

3-33. Twodifferentially connected high vacuum thermo-
couples, designated TC201 and TC202, are used in the
Model 931B to detect the rms value of the measured ac
input signal. The heater element of TC201 is ac oper-
ated while the heater element of TC202 is dec operated.

3-34. TVM MODE, During the TVM mode of cperation,
the output of TC201 is amplified by the null detector
which in turn produces a dc feedback current through
the heater element of TC202 proportional to the rms
value of the ac current through the heater element of
TC201. This dc current flow through the heater of
TC202 generates a voltage output opposing the output
of T201. When the output of T202 equals the output of
TC201, the null detector output and feedback is ata
level proportional to the rms value of the measured ac
signal, which is then indicated by the meter Ml.

3-35. NULL MODE. On the NULL mode of operation,
the heater element of TC202 is connected in series with
the resistive network of R241 through R245 and R7 to a
zener reference current of appraximately 2 milliamperes
by the MODE switch S2A. The output of the variable gain
ac amplifier is then increased or decreased, as out-
lined in paragraph 3-31, until the output of TC201 is
equal to the output of TC202. Deviations from the null
condition are sensed by the null detector, whose output
adds or subtracts slightly from the reference current
through the heater element of TC202, to provide a meter
indication of the deviation,



3-36. CALIBRATION. Upon initiation of the calibrate
mode, the PUSH TO CAL switch S3 cantacts are closed,
performing the following functions;

a. S3A, located adjacent to the MODE switch S2B,
places the null detector to maximurm sensitivity.

b. 83B, located below the MODE switch S2D, places
the meter amplifier bias to that of the NULL mode
if the MODE switch is in any of its TVM positiona.

c. B83C, located above the MODE switch S2A, applies
a dc voltage to the heater element of TC202 derived
from the reference zener if the MODE switch is in
any of its TVM positions.

d. S3D, located adjacent to K201, applies a ground to
the selenoid of K201 to energize the relay, K201A
applies a ground to the heater of TC201, and K201B
disconnects the heater of TC201 from the output
of the variable gain ac amplifier.

e. S83E, located adjacent to the MODE switch S2C,
disables the magnetic modulator zero suppression
circuitry, if the MODE switch is in any of its TVM
positions.

f. S3F, located above the MODE switch S2A, applies
a de voltage derived from the reference zener to
the heater element of TC201,

The heater element of TC201 then receives a calibrated
dc reference current, through the resistive divider of
R235 through R240, which is equal in heating effect to
an ac current when the Readout dial indications are equal
to the rms value of a measured ac voltage. When the
PUSH TO CAL switch contacts are closed, RT is engaged
and can be used to adjust the current through the heater
of TC202 until its output matches the output of TC201.
The null detector senses the output of the two thermo-
couples and causes the meter to indicate any unbalance
between the two thermocouples. The PUSH TO CAL
control is then rotated until the meter pointer indicates
zero and the thermocouples are calibrated. The de
reference current for TC201 is calibrated with R236
and the selection of jumpers across R238 through R240.
The dc current for TC202 is calibrated with R242 and
R244.

3-37. NULL DETECTOR

3-38. The Null Detector is comprised of a magnetic
modulator, a push-pull tuned-collector oscillator, a
demodulator driver, a 5 kHz tuned-carrier amplifier, a
gynchronous demodulator, a dc amplifier 2nd overload
drive circuitry, and a meter amplifier.

3-39. PUSH-PULL TUNED-COLLECTOR OSCILLATOR.
The Push-Pull Tuned-Collector Oscillator and Doubler,
comprised of Q301 through Q303, Q308, and T301, pro-
duces a 2. 5 kHz driving signal for the modulator, and a
5 kHz driving signal for the synchronous demodulator,
Transistors @301 and Q302 are connected in a push-pull
tuned-collector configuration, thus providing a 2. 5 kHz
output to the modulator free from second-harmonic
distortion. The tuned-collector circuit of T301 and C301
determines the oscillator operating frequency. Re-
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generate feedback is provided to the basis of @301 and
Q302 by the induced secondary voltages of T301. Capac-
itor C302 places the center-tapped secondary of T301
at ac ground. The 2.5 kHz signal induced in the as-
soclated output winding of T301 is applied to the magnetic
modulator T302. Amplitude control of the output signal
is provided by Q303, which peak detects drive current
to the modulator across R303 and applies a control
current to the basis of Q301 and Q302. Because the
transistors Q301 and Q302 are connected in push-pull,
their emitter signals developed across R313 are a full-
wave rectified 2. 5 kliz signal. Since this signal is un-
filtered, it appears as a 5 kHz gignal at the base of the
demodulator driver Q308. Transistor Q308 amplifies
the signal to provide a 5 kHz drive signal for the syn-
chronous demodulator Q309.

3-40. MAGNETIC MODULATOQOR. The Magnetic Modu-
lator consisting of T302 iz a magnetic device using the
principles of a saturable core to obtain amplification
of the thermocouple gutputs. Operation of the magnetic
modulator is based upon the symmetrical saturation of
the control winding by the 2.5 kHz driving signal from
the push-pull tuned-collector oscillator. Absence of
an input d¢ current through the control winding and the
primary of T303 results in 2 minimum second-barmonic
5 kHz signal at T303. Presence of a control winding
current unbalances the symmetrical saturation pattern,
regulting in the generation of a 5 kHz signal in the
primary of T303. The amplitude and phase of this
5 kHz signal is proportional to the magnitude and direc-
tion aof the control winding current flow, Transformer
T303 is tuned to 5 kHz and couples the resulting signal
to the input of the 5 kHz tuned-carrier amplifier. Quick
overload recovery is ensured due to the feedback through
the windings associated with transistor zeners Q319
and Q320. The windings asgociated with Q306 provide
suppression of less than 1/10 scale outputs from the
magnetic modulator on the TVM mode of operation.

3-41. 5 kHz TUNED-CARRIER AMPLIFIER. The 5 kHz
Tuned-Carrier Amplifier comprised of Q305 through
Q307, L301, and T303 amplify the 5 kHz output of the
magnetic modulator. Emiiter feedback between Q307
and Q305 is used to prevent loading of the input circuitry.
The tuned-series-resonate circuit of L301 and C306,
located in the emitter circuit of Q305, provides
frequency-sensitive negative-feedback from the emit-
ter of Q307. At frequencies other than 5 kHz, the tuned
circuit presents maximum impedance to the feedback
signal and minimum gain for the carrier amplifier.
At resonance, the tuned circuit impedance is minimum
and maximum gain of the 5 kHz signal is provided.

3-42, SYNCHRONOUS DEMODULATOR. Transistor
Q309 and R324 comprise a Synchronous Demodulator
used to detect the amplitude and polarity information
contained in the 5 kHz carrier signal. The Synchronous
Demodulcator is driven in synchronism with the magnetic
modulator driving signal. The resulting dc voltage is
developed across R324 and filtered by C313 and R325
before being applied to the input of the dc amplifier.

3-43. DC AMPLIFIER. The DC Amplifier comprised
of Q310 through Q314 provides sufficient gain of the de
voltage detected by the demodulator to drive the follow-
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ing meter amplifier. The differential pair of @310 and
Q311 amplify the input voltage at the base of @310 in
respect to ground. Additional amplification is provided
with Q312 and Q313. Transistor Q314 provides a high
impedance current drive at the amplifier output. During
operation of the TVM mode, the output signal is de-
veloped across an output circuit comprised of CR1 which
limits current flow in one direction through R10, R354
through R356, and the heater of TC202. Transistor
zeners Q319 and @320 function only on excessive inputs
to provide quick overload recovery for the null detector,
Resistor R356, adjustment W, provides adjustment of
voltage developed from the magnetic modulator feed-
back, The voltage developed at the junction of R10 and
R340 is then used to drive the following meter amplifier
and indicate the magnitude of the measured ac signal.
When the instrument is operated on the NULL mode, the
diode CR1 is bypassed with the contacts of S2C to pro-
vide bi-directional current flow in the output circuit,
and S2B places a shunt resistor of specified value in
parallel with R354. Progression of the MODE switch
from the 10% position to the . 1% position results in an
increase in shunt resistance and an increase in the
meter amplifier input voltage, The meter then indicates
that the ac current through the heater of TC201 is with-
in the prescribed percent selected with the MCDE switch.
When the NULL DAMPING switch is placed to the 2 Hz-
10 Hz position, during low frequency differential meas-
urements with the instrument, capacitors C320 and
C321 provide filtering of the shunt resistor voltage
excursions to damp the meter indication.

3-44. OVERLOAD DRIVE CIRCUITRY. The Overload
Drive Circuitry comprised of CR303, @315, Q316, and
K201 is used to prevent a shiit in the ac thermocouple
characteristics due to an excessive heater current,
Consequently, ac input voltages of 1500 volts peak on
any range will not affect the measurement accuracy
of the instrument.

3-45. When the output voltage of the de amplifier
reaches approximately ten volts de, diode CR303 con-
ducts and forward biases the emitter-to-base junction
of Q315. Conduction of Q315 also biases Q316 into
onduction, which energizes the relay K201. With
relay K201 energized, the input to the heater of TC201
is removed and excessive heating of the thermocouple
is prevented. Upon the removal of the TC201 heater
signal, the output of the thermocouples decreases, re-
sulting in a decrease in the output of the dc amplifier.
Diode CR303 is reversed-biases by this action, which
in turn causes Q315 and Q316 to be driven into cut-off,
Relay K201 is de-energized upon cut-off of Q316, and
the ac signal is re-applied {o the heater of TC201. If
the overload condition persists, the overload relay will
continue to energize and de-energize, thus preventing
excegsive heating of TC201.

3-46. METERAMPLIFIER, The Meter Amplifier
comprised of @317, Q318, Q321, and Q322 provides
sufficient gain of the dc amplifier output to drive the
front panel meter and recorder output circuitry. The
differential pair of Q317 and Q318 amplify the input
signal at the base of Q317 in respect to the base voltage
of @318. On the TVM mode of operation, negative
feedback from the amplifier output is applied to the
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base of Q318. On the NULL mode, S2D provides a
fixed-hias voltage at the base of Q318 to increase the
amplifier operating point. Transistors Q321 and Q322
provide the required amplification of the output de
voltage used to drive the meter and recorder output
circuitry. Resistor R342, adjustment V, provides ad-
justment of the differential-pair emitter voltages and
subsequently the meter zero indication on the TVM
mode. Resgistor R347, adjustment X, provides adjust-
ment of the base voltage for Q318 to allow Meter Am-
plifier zeroing on the NULL mode.

3-47. RECORDER OUTPUT CIRCUITRY

3-48. The Recorder Output Circuiiry provides a de
output, adjustable from zero to one volt dc for a full-
scale meier deflection, which can be used to drive a
zero-center recorder or enable the instrument to be
usged as an rms to dc converter.

3-49. The recorder output voltage is developed across
a divider network comprised of R361 through R363 and
R38. Resistor R38 provides a means of adjusting the
recorder output voltage from the rear panel, Switch
87 provides selection of a calibrated one volt full-scale
output or a variable output. Rotation of R38 to its fully
clockwise position places S7 to the CAL position to
provide the calibrated recorder output. Rotation of
R38 in the counter-clockwise direction places S7 to the
VAR position, allowing adjustment of the recorder out-
put voltage with R38. Resistor R362, adjustment Z,
provides adjustment of the calibrated recorder output
voltage.

3-50. REGULATED POWER SUPPLIES

3-51. The Regulated Power Supplies provide the +14.5
volt dc operating voltages used throughout the Model
931B. Line regulation of the power supplies is better
than 0. 0005% for a 10% line voltage change.

3-52. Input power transformer T1 receives 115 volts ac
or 230 volts ac, at 50 to 440 Hz, through the contacts of
the POWER switch §S1. The primary winding of T1 is
constructed in such a manner to utilize 115 volts ac
input, windings in parallel, or 230 volts ac, windings in
series. Fuse Fl protects the instrument circuitry from
overloads. The secondary voltage of T1 is hali-wave
rectified by CR104 and CR105 to provide the £22 un-
regulated de input voltages to the +14.5 volt dc regu-
lators. The positive rectifier output voltage is filtered
by C122, R132, and C123 before being applied to the
+14. 5 volt de regulator. The negative rectifier output
voltageis filtered by C124, R133, and C125 before
being applied to the -14. 5 volt dc regulator. Input power
to the regulators is supplied from the batteries BT1
and BT2 on instruments equipped with the -01 Option
whenever the POWER switch is placed to the BAT OFR
or BAT CHK position. Refer to Section VI for infor-
mation concerning the options available with this instru-
ment.

3-53. POSITIVE DC REGULATOR, The input de voltage
applied to the series-pass trangistor Q109 is reduced to
+14, 5 volts dc and regulated in the following manner. A
voltage proportional to the output voltage is developed at



the base of differential amplifier Q114 by valtage divider
R142, R143, and R144. A zener reference voltage
established by CR106 is applied to the base of @115,
which is the other portion of the differential amplifier.
Qutput voltage variations in respect to the zener refer-
ence voltage are then amplified and appear as an error
signal at the collectors of @114 and Q115. This error
signal is amplified by the differential amplifier com-
prised of @111 and Q112 and the output of Q111 used to
control the conduction level of the series-pass transistor
Q109. Variable resistor R143, adjustment L, provides
seiting of the regulator output voltage. Transistor Q106
is in the circuit to ensure that Q109 will initially eonduct
to provide the regulator operating voltages. Once Q109
conducts, Q106 is reversed-biased and effectively dis-
connected from the circuit. The value of R150 is factory
selected to provide optimum current through CR106,
thereby establishing a constant reference voltage for
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the regulator and the thermocouples used in the instru-
ment.

3-54. NEGATIVE DC REGULATOR. The input voltage
applied to the series-pass transistor @108 is reduced
to -14. 5 volts dc and regulated in the following manner.
A voltage proportional to the output voltage is developed
at the base of amplifier Q110 by the divider R141 and
R140. Output voltage variations are then amplified hy
Q110 and appear as an error signal at the base of Q107.
The error signal is amplified by Q107 and the result-
ing Q107 collector signal used to control the conduction
of the series-pags transistor Q108. Transistor Q113
is in the circuit to ensure that Q108 will initially con-
duct to provide the regulator operating voltages. Once
Q108 conducts, Q113 is reversed-biased and effectively
disconnected from the circuit.
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SECTION 1V

MAINTENANCE

4-1. INTRODUCTION

4-2, This manual section contains the information
necessary for you to completely maintain your Model
931B RMS Differential Vcltmeter. The information is
contained under headings of "SERVICE INFORMATION,
MAINTENANCE ACCESS, GENERAL MAINTENANCE,
CALIBRATION PROCEDURES, TROUBLESHCOTING,
and SELECTION OF COMPENSATING COMPONENTS. "'
A list of the test equipment required for maintenance
of this instrument is contained in Figure 4-1. If the
recommended test equipment is not available, other
instruments having equivalent specifications may be
substituted.

4-3. Your instrument was completely tested and
aligned before leaving the factory and should not require
calibration during the first 90 days of operation. Should
you wish to check the accuracy of the Model 931B against
the specifications contained in Section I, the information
contained in the Calibration Procedures (paragraphs 4-28
through 4-61) may be used. The Calibration Procedures
are presented in such a manner, that by disregarding
the adjustment information, they may serve as Instru-
ment Performance Checks.

4-4, We recommend that you thoroughly read and
understand this section of the manual before attempting
any maintenance on your instrument.

4-5, SERVICE INFORMATION

4-6. Each instrument manufactured by the John Fluke
Mfg. Co., Inc. is warranted for a period of one year
upon delivery to the original purchaser. Complete war-
ranty information is contained in the Warranty page
located at the rear of this manual.

4-7.  Factory authorized calibration and repair service
for all Fluke instruments are available at various world
wide locations. A complete list of factory authorized
service centers is located at the rear of this manual.
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If requested, an estimate will be provided to the cus-
tomer before any repair work is begun on instruments
beyond their warranty period.

4-8. MAINTENANCE ACCESS
4-9, INTRODUCTION

4-10. The following procedures are to be used to gain
access to various portions of the Model 931B. Normally
it will only be necessary to perform the first procedure
titled "ACCESS TO CALIBRATION ADJUSTMENTS"
during the calibration of the instrument. However, if
troubleshooting and repair of the instrument is required,
access to particular portions of the circuitry is facili-
tated using the remaining procedures.

4-11. ACCESSTO CALIBRATION ADJUSTMENTS

4-12. To gain access to adjustment and compensating
components contained in the instrument, proceed as
follows:

a. Remove the gix upper rear dust cover attaching
screws and then slide the cover toward the rear of
the instrument to remove it from the Model 931B.

b. Remove the eight left and right side panel attaching
screws and remove the panels from the instrument.
Access to all adjusiments and the Variable Gain
AC Amplifier compensating network components
is now provided.

c. If compensation of the Input Amplifier circuitry is
necessary, remove the two mounting screws from
the labeled adjustment cover located on the left
side of the instrument and remove the cover.

4-13. DIGIT ATTENUATOR ACCESS

4-14. To gain access to the Digit Attenuator, and other
lower chassis components, proceed as follows:
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J

Short term stability of £50 ppm/ min.

RECOMMENDED
E
QUIPMENT SPECIFICATIONS INSTRUMENT
Oscillator Frequency range of 10 Hz to 3 MHz. Hewlett Packard

Model 651B

Function Generator \/

Square and sine wave output of 1 Hz to

Hewlett Packard

Gain stability of +50 ppm/min.

50 kHz. Short term stability of x50 , Model 33004
ppm/min, a0
// o
AC Amplifier Frequency range of 500 Hz to 800 kHz. Krohn - Hite

Model DCA - 10

Standard

Thermal Transfer

J

AC to DC transier accuracy of £0. 01%
5 Hz to 1 MHz, at voltages of 0.1 to
100 volts rms.

Fluke Model 540B
with test report

DC Voliage Ca.]ibra.tod

Calibration accuracy of +0.002%

Fluke Model 332B

DC Voltmeter

J

3

DC accuracy of £0. 2% (x0. 005% if the
Model 332B is not used).

Fluke Model B71A
with 10k isolation
probe.

50-Ohm Load

N

Resistive load

Tektronix
001-0049-00

Ratio Transiormex\/

Accuracy of 1 to 10 ppm at 1 kHz

Gertsch Model 1011

Oscilloscope

Plug In Unit

J

Calibrated sweep range: 1 msec/cm
to 50 msec/cm

Vertical sensitivity 50 mv/cm

Tektronix Model 545A
with probe

1A1

Frequency Counter J

Must be able to measure 2.5 kHz

Hewlett Packard

J

and resistance measurements with and
accuracy of +3%.

with an accuracy of 0. 1% + count. Model 5245L
Autotransformer J 0-135 volts ac up to 3 ampere General Radio
Model W5MT
Multimeter AC and DC voltage, AC and DC current Fluke Model 853A

Voltage Divider Minimum reactance at 5 MHz cons- 453 ohms, %1%, 1/2 watt,
structed of conformal coated metal 49, 9 ohms, 1%, 1/2 watt,
film resistors 56. 2 ohm, 1%, 1/2 watt

Figure 4-1, REQUIRED TEST EQUIPMENT
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a. Remove the four bottom dust cover attaching screws.

b. Slide the cover toward the rear of the instrument
and then remove the cover. Access to the Digit
Attenuator, optional battery pack, ac power con-
nector, recorder cutput components, and Readout
dials is now provided,

4-15. RANGE SWITCH ACCESS

4-16. To gain access to the RANGE switch, proceed
as follows:

a. Remove the upper dust cover using the procedure
described in paragraph 4-12 step a.

b. Locaie the Input Amplifier shield installed in the
front left-hand corner of the instrument,

¢. Remove the three shield mounting screws and re-
move the shield from the instrument. Access to
the RANGE switch is now provided.

4-17. MODE SWITCH ACCESS

4-18. To gain access to the MODE switch, proceed as
follows:

a. Remove the upper rear dust cover and right side
panel from the instrument using the procedures
contained in paragraph 4-12.

b. Remove the Null Detector PCB mounting screws
and remove the PCB irom the ingtrument, The
PCB connecting wires are of sufficient length to al-
low removal of the PCB without disconnecting the
wires. Access to the MODE switch is now provided.

4-19. PUSH TO CAL SWITCH ACCESS

4-20, To gain access to the PUSH TQ CAL switch and
other front panel components, proceed as follows:

a. Loosenthe front panel control knob allen set-screws
and remove the knobs from the instrument.

b. Remove the four attaching screws from the narrow
side panels and remove the panels from the instru-
ment.

¢. Remove the six front panel corner attaching acrews
and slide the front panel forward slightly.

d. Disconnect the red and black INPUT wires located
in the upper left corner of the front panel.

e. Slide the front panel forward until free of the instru-
ment. Access to the PUSH TO CAL switch, POWER
switch, Readout dials, input resistor R1, and the
meter is now provided.

f. To gain access to R1, remove the two mounting
screws from the cover located in the front left
hand corner of the instrum ent and remove the cover.

Hote!

Resistor R1 is located in the probe on the
probe version instruments.
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4-21. GENERAL MAINTENANCE
4-22, PERIODIC CLEANING

4-23. If it becomes necessary to clean the exterior
of the instrument, use a cloth moistened with anhyndrous
alcohol or Freon T. F. Degreaser, MS180 Miller-
Stephenson Chemical Co., Inc. If either of these clean-
ing agents are not readily available, scap and water
applied sparingly to a cloth, can be used to clean the
exterior of the instrument.

4-24, The Model 931B is completely enclosed. There-
fore, entry for dust, dirt, or lint to the interior of the
instrument is not provided. However, if it becomes
necessary to clean the interior of the instrument, a hot
rinse, using distilled or deionized water, followed by
a thorough drying should be used. Drying temperatures
in excess of 160° F should be avoided.

CAUTION!

The use of solvents, particularly keytones,
is not recommended because of the pos-
sible damage to dielectric materials used
in the instrument.

4-25. FUSE REPLACEMENT

4-26., The only fuse in the Model 931B is located ina
bayonet fuse holder mounted on the rear panel of the
instrument. Correct values of this fuse for a 115 or
230 volt power line are as follows:

115 volt ac power line - 1/4A, AGC, fast acting
230 volt ac power line - 1/8A, AGC, fast acting

4-27, I your ingtrument contains a =01 or 03 option,
additional fuses, F2 and F3, are installed in the re-
chargeable battery circuitry and protect the instru-
ment's circuitry from overloads. Refer to the Section
VI Option Information section for information pertain-
ing to these fuses.

4-28, CALIBRATION PROCEDURES
4-29. INTRODUCTION

4-30. The Model 9318 should be checked for calibration
every 90 days or whenever repairs have been made to
portions of the circuitry which will affect the calibration
accuracy. In the event that the desired results of the
calibration adjustments cannot be obtained, directions
to the appropriate TROUBLESHOOTING or COMPEN-
SATING paragraphs are given to enable rapid correction
of the discrepancy.

4-31. Calibration of the instrument should be per-
formed at an ambient room temperature of 71°F to
T6°F (21.7°C to 24.4°C). Adjustment and test-point
locations are illustrated in Figure 4-2.

4-32, CALIBRATION SIGNALS

4-33. Calibration of the Model 931B requires a 0.1 to
100 volt rms signal at frequencies of 2 Hz, 5 Hz, 500 Hz,
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Figure 4-2, ADJUSTMENT AND TEST POINT LOCATIONS
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20 kHz, 500 kHz, and 5 MHz. An ac source such ag the
one 1llustrated in Figure 4-3 can be used to obtain cali-
brated 1.0 to 100 volt rms signals, accurate to within
£0, 01%, at frequencies from 5 Hz to 500 kHz. The 5
MHz 0.1 and 1. 0 volt rms signals, aceurate to within
+5%, can be obtained directly from the ocutput of the os-
cillator described in Figure 4-1. A calilbrated 0.1 volt
rms signal, accurate to within £0. 01%, at frequencies of
20 kHz, 50 kHz, and 500 kHz can be obtained using the
equipment comnections and 10:1 divider illustrated in Fig-
ure 4-4 and performing the following steps:

a. Calibrate the Model 931B voltage ranges using the
procedures described in paragraph 4-50 steps a
through q.

b. Make the equipment connections illustrated in Fig-

ure 4-4.
Hote!

The 10:1 divider output must be placed as
close as possible to the Model 931B INPUT
or loading of the divider by the connecting
cable will occur.

c. Set the oscillator output frequency to 500 Hz and
adjust its output level to obtain a null on the 100
MILLIVOLT differential mode of the Model 931B.

231B

d. Perform a thermal transfer, adjusting only the
output of the dc power supply. The dc power supply
output is now set to provide an ac-dec transfer that
will produce the desired 20 kHz, 50 kHz or 500 kHz
0. 1 volt rms signal at the output of the 10:1 divider.

4-34. A calibrated one volt rms signal, accurate to
within 0. 5%, at a frequency of 2 Hz can be obtained
using the equipment connections illustrated in Figure
4-5 and performing the following steps:

a. Set the dc power supply output to 1. 414 volts dc.

b. Set the oscilloscope input to de and its vertical
sensitivity to maximum,

¢. Set the output frequency of the signal generator to
20 Hz and adjust the signal level to obtain a one
volt rms indication on the Model 931B.

d. Adjust the oscilloscope vertical positioning control
to intersect the positive peaks of the oscilloscope
waveform with the CRT center grid line.

e. Change the signal generator output frequency to 2 Hz
and adjust its output level until the positive peaks
of the oscilloscope waveform intersect the CRT
center grid line.

H.P. MODEL 6518

KROHN-HITE MODEL DCA-10

2 ®@oco @ -— CALIBRATED
e | ° —3 AC SIGNAL
° ¢ © © 8 ®o o)’ |
...._b
FLUKE MODEL 5408
— —1
EEpE e § W
®
® . e o34
HYeossse el

FLUKE MODEL 332B

R N ey

Figure 4-3.
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f. A one volt rms signal at 2 Hz is now available at
the input of the Model 931B.

4-35. METER ZERO CHECK

4-36, With power removed from the Model 931B, pro-
ceed as follows:

a. Position the instrument horizontally (normal posi-
tion) on the bench.

b. Adjust the meter mecharical zero screw, accessible
from the front panel, until the meter pointer is at
zero position. Back off the screw adjustment just
enough to disengage the adjustment cam once the
zero indication is obtained.

4-37. POWER SUPPLY CHECKS

4-38. The Power Supply Checks require the use of an
autotranaformer, an ac voltmeter, and a dc differential
voltmeter. If the deaired results of the following checks
are not obtained, troubleshooting information is contained
in paragraphs 4-67 through 4-69. To perform the
checks, proceed as follows:

a. Remove the upper rear dust cover and side panels
from the instrument and make the equipment con-
nections illustrated in Figure 4-6.

AUTO
TRANSFORMER
G AC
AMMETER
115

RO el
60 Hz

& Sl

ASY NN

931B

¢. Apply 115 volis, 50 to 440 Hz, through the auto-
transformer to the Model 931B.

d. Connect the input lead of the dc¢ differential volt-
meter to TP10 and the common lead to the nearest
GRD point.

e. Adjust R143, adjustment L, until the voltage at
TP10 is +14.5 £0. 004 volts de.

f. Reduce the ac input voltage to 103. 5 volts ac with
the autotransformer control. The voltage observed
on the dc differential voltmeter should not vary.

g. Increase the ac input voltage to 126. 5 volts ac with
the autotransformer control. The voitage obaerved
on the dc differential voltmeter should not vary.

h. Return the ac input voltage to 115 volts ac with the
autotransformer contrcl.

i. Connect the dc differential volimeter input to TP11,
observing that the valtage is -13. 9 to -14. 6 volts dec.

j. Repeat steps f through h.

4-39. When the results of these checks agree with the
information given, the power supplies contained in the
ingtrument are functioning properly and the following
calibration procedures can be performed.

4-40. AMPLIFIER BIAS CHECKS

4-41, The Amplifier Bias Checks require only the use
of a dc differential with a 10K ol isolation probe, which
can be constructed as illustrated in Figure 4-7. If the
results of the following checks cannot be obtained,
troubleshooting information is contained in paragraphs
4-70 through 4-72. To perform the checks, proceed
as follows:

10k RESISTOR —
= 8 TN ®
ALLIGATOR ® U ?
CLIPS

FLUKE MODEL 871A

Figure 4-6, POWER SUPPLY CHECKS EQUIPMENT
CONNECTIONS

b. Place the Mcdel 931B controls to the following

positions:
POWER ON
MODE NULL 10%
RANGE 100 MILLIVOLTS
NULL DAMPING 10 Hz - 2 MHz
Readout dials Gooo7

www.valuetronics.com

Figure 4-7. 10K ISOLATION PROBE

a. Place the Model 931B controls to the following

positons:
POWER ON
MODE TVM X1
RANGE 100 MILLIVOLTS
NULL DAMPING 10 Hz - 2 MHz
Readout dials 10 00 00



931B

b. Connect the input of the dc differential voltmeter
to TP25 and its common lead to the nearest GRD
point,

¢. Adjust R105, adjustment H, until the voltage at
TP25 is 0 £0, 02 volts dc.

d. Connect the dc differential voltmeter input to TP20
and adjust R204, adjustment M, until the voltage
at TP20 is between +3.5 to +4 volts dc. This ad-
justment has a long time constant and will require
patience.

e. Connect the de differential voltmeter input to TP22
and adjust R222, adjustment P, until the voltage at
TP22 is 0 £0, 02 volts dc.

4-42. When the results of these checks agree with the
information given, the amplifier bias voltages are within
tolerance and the following calibration procedures can
be performed.

4-43. MODE SENSITIVITY CHECKS

4-44. The Mode Sensitivity Checks require the use of
calibrated ac source, a ratio transformer, and a de
differential voltmeter. If the desired results of the
following checks cannot be obtained, troubleshooting
information is contained in paragraphs 4-70 through
4-72. To perform the checks, proceed as follows:

a, DPlace the Model 931B controls to the following

positions:
POWER ON
MODE TVM Xi
RANGE 100 MILLIVOLTS
NULL DAMPING 10 Hz - 2 MHz

RECORDER OUT- CAL
PUT ADJUST

Readout dials 1000 0

b. Connect the dc differential voltmeter input and
common leads to the Model 931B RECORDER OUT-
PUT terminals.

c. Adjust R342, adjustment V, for a RECORDER
OUTPUT of 0 £0. 5 millivolts.

d. Apply a 1 vdt rms 500 Hz signal, from a calibration
source, to the input of the ratio transformer.

e¢. Set the ratio transformer controls to provide an
output voltage of 100 millivolts rms.

f. Apply the ratio transformer output to the Model
931B INPUT and place the MODE switch to the
NULL . 1% position.

g. Adjust R242 and R244 or the ac calibration source
output for a zero meter indication £ one major
divigion. Maximum allowable meter fluctuation
is + three small divisions,

4-8
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h. Place the MODE switch to the NULL 10% position
and adjust R347, adjustment X, for a RECORDER
OUTPUT of 0 +2 millivolts.

1. Set the ratio transformer controls to provide an
output voltage of 110 millivolts and adjust R362,
adjustment Z, for a RECORDER OUTPUT voltage
of 1.0 £0. 002 volts de.

j. Place the MODE switch to the TVM X1 position and
set the ratio transformer controls to provide an
output voltage of 100 millivolts.

k. Adjust R356, adjustment W, for a RECORDER
OUTPUT voltage of 1. 0 £0. 001 volts de.

1. Repeat steps i through k until the specified results
are simultaineously obtained.

m. With the RECORDER QUTPUT voltage at 1. 0 £0. 001
volts dc from step k, adjust R360, adjustment Y,
for a full-scale meter indication of 1 within £1/2
of a small division.

4-45, When the results of these checks agree with the
information given, the null detector and meter amplifier
circuitry contained in the instrument are functioning
properly, and the following calibration procedures can
be performed.

4-46, 5 MHz RESPONSE CHECKS

4-47, The 5 MHz Response Checks require the use of
a 5 MHz signal generator and & 10:1 divider. I« the
desired results of the following checks cannot be ob-
tained, troubleshooting information is contained in
paragraph 4-70 through 4-72, To perform the checks,
proceed ag follows:

a. Place the Model 931B controls to the following

positions:
POWER ON
MODE TVM X1
RANGE 1000 MILLIVOLTS
NULL DAMPING 10 Hz - 2 MH=z
Readout dials 1000.0

b. Apply a 1.0 +0. 05 volt rms 5 MHz signal to the
INPUT of the Model 931B.

¢. Adjust C207, adjustment N, for the following meter
indications:

BNC INPUT PROBE INPUT
0. 96 (0. 04 volts) 0.92 (x0. 04 volts)

d. Place the RANGE switch to 100 MILLIVOLTS and
apply a 1.0 £0.05 volt rms 5 MHz signal to the input
of a 10:1 divider.

e. Apply the 0.1 volt rms 5 MHz output of the 10:1
divider to the INPUT of the Model 931B. The 10:1
divider output must be directly connected to the
Model 931B INPUT or loading of the divider will
occur.
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f. Adjust C108, adjustment J, for the following meter
indications:

BNC INPUT PROBE INPUT
0.92 (0. 04 volts) 0,88 (x0.04 volta)

4-48. When the results of these checks agree with the
information given, the amplifier 5 MHz response is
within tolerance and the following calibration procedures
can be performed.

4-49. RANGE CHECKS

4-50. The Range Checks require the use of a calibrated
ac source and a ratio transformer. I the desired re-
sults of the following checks are not obtained, trouble-
shooting or compensating adjustment information is
contained in paragraphs 4-70 through 4-72 and para-
graphs 4-79 through 4-87, respectively., To perform
the checks, proceed as follows:

a. Place the Model 931B controls te the following

positions:
POWER ON
MODE NULL . 1%
RANGE 100 MILLIVOLTS
NULL DAMPING 10 Hz - 2 MHz
Readout dials 100.00

b. Apply a 10 volt rms 500 Hz signal, from a cali-
bration source, to the input of the ratio trans-
former,

¢, Set the ratio transformer controls to the positions
that provide an output voltage of 0.1 voits rms.

d. Apply the ratio transformer output to the BINPUT
of the Model 931B and adjust R242 and R244 or the
ac calibration source output for a meter indication
of zero.

e. Place the RANGE switch to the 1000 MILLIVOLTS
position and set the ratio transformer controls to
provide an output voltage of 1, 0 volt rms.

f. Adjust R125, adjustment C, for a meter indication
of zero £1, 5 small divisions.

g. Place the RANGE switch to the 10 VOLTS position
and set the ratio transformer controls to provide
an output voltage that is equal to its input.

h. Adjust R131, adjustment E, for a meter indication
of zero £1, 5 small divisions.

1, Set the ratio transformer controls to provide an
cutput voltage of 0,1 volts rms.

j. Place the RANGE switch to the 100 MILLIVOLTS
position, observing that a meter indication of zero
% two amall divisions is obtained. If the desired
result Is not observed, repeat steps a through h,

k. Place the RANGE switch to the 10 VOLTS position.
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1.  Apply a 100 volt rms 500 Hz signal to the input of
the ratio transformer and set the ratio transformer
controls to provide an output voltage of 10 volts
rms. If necessary, adjust the calibration socurce
output level to obtain a meter indication of zero
within £1.5 small divisions on the Model 931B.

m. Place the RANGE switch to the 100 VOLTS position
and set the ratio transformer controls to provide
an output voltage that corresponds to its input,

n. Adjust R128, adjustment G, for a meter indication
of zero +1. 5 small divisions.

0. Place the RANGE switch to the 1000 VOLTS position
and set the Readout dials to 1 0 0.0

p. Adjust R121, adjustment K, for a meter indication
of zero 1. 5 small divisions.

q. Set the Readout dials to 10 0 0.0 and repeat step m,
cbserving that a meter indication of zero + two
small divisions is obtained. If the desired result
is not observed, repeat steps m through q.

r. Apply the 50 kHz rmg voltages on the ranges in-
dicated in Figure 4-8 to the INPUT of the Model
931B and adjust the assoclated capacitor for a
meter indication of zero £1,5 small divisions.

50 kHz RMS
INPUT MODEL 931B ADJUST-
VOLTAGE RANGE MENT
100 mv 100 MILLIVOLTS Cl18 - A
1000 mv 1000 MILLIVOLTS Cli5 - B
10v 10 VOLTS Ciz1 -D
100 v 100 VOLTS C117 - F

Figure 4-8. 50 kHz RANGE ADJUSTMENTS

8. Perform the frequency response checks of Figure
4-9, observing that the specified zero meter indi-
cations are obtained.

4-51. When the results of these checks agree with the
information given, the input ranges of the Model 931B
are correctly calibrated, and the following calibration
procedures can be performed,

4-52, DIGIT RATIO CHECKS

4-53. The Digit Ratio Checks require the use of a
calibrated ac source and a ratio transformer. If the
desired results of the following checks cannot be ob-
tained, troubleshcoting information is contained in
paragraphs 4-76 through 4-78. To perform the checks,
proceed as follows:

a, Place the Model 931B controls to the following
positions:

4-9
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METER ZERQ TOLERANCES
MODEL 931B INPUT RMS 20 kHz 500 kHz
RANGE VOLTAGE {(small divisions) (major divisions)
100 MILLIVOLTS 100 mv £7.5 (. 1% NULL) 8 ( 1% NULL)
1000 MILLIVOLTS 1000 mv +7.5 (. 1% NULL) 8 ( 1% NULL)
10 VOLTS 10v #7.5 (.1% NULL) 8 ( 1% NULL)
100 VOLTS 100 v +7.5 (. 1% NULL) 8 ( 1% NULL)

Figure 4-9, FREQUENCY RESPONSE CHECKS

POWER ON

MODE NULL . 1%
RANGE 10 VOLTS
NULL DAMPING 10 Hz - 2 MHz
Readout dials B.0 O Q

b. Apply a 10 volt rms 500 Hz signal, from a cali-
bration source, to the input of the ratio trans-
former.

c. Apply the ratio transformer output to the Model
9318 INPUT.

d. Perform the checks indicated in Figure 4-10.

MODEL 931B |RATIO TRANSH
READOUT DIAL| FORMER
SETTING SETTINGS

METER
INDICATION

Set to 0*
Ux.010
0+£.015
0+.020

Sel to 0*
0+.010
0x.010
0+ .010
0,010

Set to 0*
0,010
0+.010
0,010
0+.010

Set to 0*
Setto 0

0+ .010
0+ .010

R229(Q)

el Il ol o el el
OO0 ODOoOO0D0O MibkhMNE=O OO0OOO
OO0 MbNEC ODOOO00 OO
HFOI=O ODOO0O0 OO0 OO0
[ T s e e T e e B I e T N -}
SCOoO0O0 DOOOCQ OhN=O OOOC
COoOOoOH ibMNED OQOCCO OO0
HUOHEQO ODO0000 DOoOOOC ODOOoOOC
COO0OD OO0 OO0 O DoOoOQ

*Adjust R242 and R244 or ac calibration source,

Figure 4-10, DIGIT RATIO CHECKS

4-54. When the results of these checks agree with the
information given, the Digit Attenuator is functioning
properly, and the following low frequency checks can
be performed.

4-19 0
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4-55. LOW FREQUENCY CHECKS

4-56, The Low Frequency Checks require the use of
an ac calibration source and a dec differential voltmeter
with the 10K isolation probe illustrated in Figure 4-7.
If the desired results of the following checks cannot be
obtained, troubleshooting information is contained in
paragraphs 4-70 through 4-72. To perform the checks,
proceed as follows:

a, Place the Model 931B controls to the following

positions:
POWER ON
MODE NULL 1%
RANGE 1000 MILLIVOLTS
NULL DAMPING 2 Hz - 10 Hz
Readout dials 1000.0

b. Apply a one volt rms 2 Hz signal, from a low
frequency calibration source, to the INPUT of the
Model 931B. See paragraph 4-34.

c. Adjust R248 for a meter indication of -.5 +2 major
divisions.

d. Connect the input of the dc differential voltmeter
to TP20 and its common lead to the nearest GRD
point,

e. Adjust R204, adjustment M, until the voltage at
TP20 is between 3.5 to 4.0 volts de.

f. Repeat steps c and e until the specified results are
simultaneously obtained.

g. Apply a one volt rms 5 Hz signal, from a calibration
source, tothe INPUT of the Model 931B, observing
that the meter indicates zero + one major division.

4-57, When the results of these checks agree with the
information given, the Low Frequency Checks are within
tolerance, and the final absolute calibration check can
he performed.

4-58, ABSOLUTE CALIBRATION CHECKS

. 4-59. The following Absolute Calibration Checks re-

quire the use of a calibrated ac source. If the desired
results of these checks are not obtained, troubleshooting
information is contained in paragraphs 4-70 through
4-72,
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4-60., ABSOLUTE CALIBRATION. To calibrate the
instrument, proceed as follows:

a.

Place the Model 931B controls to the following
positions:

POWER ON
MODE NULL .1%
RANGE 10 VOLTS
NULL DAMPING 10 Hz - 2 MHz

Readout dials 10.000

Depress and rotate the PUSH TO CAL to the center
of its adjustment range, which is five turns from
gither end-lmit,

Apply a 10 volt rms 500 Hz signal, from a cali-
bration source, to the Model 931B INPUT,

Adjust R242 and R244 for a meter deflection of zero
+ one small division,

4-61,

9318

Depress the PUSH TO CAL control, taking care
not to rotate it, and adjust R236 for a meter de-
flection of zero + one small division, K the final
setting of R236 occurs at an end limit of ite adjust-
ment range, perform the jumper wire selections
contained in paragraph 4-61.

Upon release of the PUSH TO CAL control, a meter
deflection of zero +2.5 small divisions must be
observed. If the specified results are not obtained,
repeat the entire Absolute Calibration procedure.

JUMPER WIRE SELECTION, To correct the

adjustment range of R236, proceed as follows:

da.

Remove power from the Model 931B and reconnect
any of the clipped CAL CUR jumper wires located
on the Variable Gain AC Amplifier PCB. Refer to
Figure 4-11 for location of the jumper wires.

JUMPER WIRES

Figure 4-11,

www.valuetronics.com

ABSOLUTE CALIBRATION JUMPER WIRE LOCATIONS
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b. Energize the Model $31B and place its controls to
the following positions:

POWER ON

MODE NULL .1%
RANGE 10 VOLTS
NULL DAMPING 2 Hz - 2 MHz

Readout dials 10.000

¢. Depress and rotate the PUSH TO CAL control to
the center of its adjustment range.

d. Adjust R236 fully clockwise,

e. Depress the PUSH TO CAL control, taking care
not to rotate it, and adjust R242 and R244 for a
meter deflection of zero £ one small division.

f. Apply a 10 volt rms 500 Hz signal, from a cali-
bration source, to the Model 931B INPUT,

g. Rotate the Readout dials until a meter deflection
of zero + one amall division is obtained.

h. Compare the Readout dials digit indication with
the infermation provided in Figure 4-12 and cut the
corresponding CAL CUR jumper wire.

READOUT DIAL CAL CUR JUMPER
INDICATION WIRE TO CUT

9. 6841 to 9.7303 1, 2, 4
9.7303 to 9.7765 2, 4

9. 7765 to 9. 8227 1, 4

9. 8227 to 9, 8689 4

9. 8689 to 9, 9151 1, 2

9.9151 to 9. 9613 2

9, 9613 to 10. 0075 1
10. 0075 to 10. 0537 NONE

Figure 4-12, CAL CUR JUMPER WIRE SELECTION

1, Perform the Absolute Calibration adjustments
contained in paragraph 4-60,

4-62, When the resulis of the Absolute Calibration
Checks agree with information given, the Model 931B
is fully calibrated, The test equipment can now be
disconnected from the instrument, and the upper rear
dust cover and side panels installed.

4-63. TROUBLESHOOTING
4-64. INTRODUCTION

4-65. Troubleshooting of the Model 931B firat begins
by isclating the trouble to a particular portion of the
instrument’s circuitry such as the power supply, input
amplifier, variable gain ac amplifier, null detector,
or meter amplifier. The resulis of the Operational
Test contained in Section II, when compared to known
circuit functions, can be used to determine in which
portion of the instrument's circultry the trouble exists.

4-12
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The functional schematic diagrams contained at the rear
of the manual will also aid in locating the source of
trouble.

4-66. Once the trouble has been isolated to a particular
portion of the instrument's circuitry, input and output
slgnals or voltages of the particular eircuit can be
measured to determine the source of trouble, The
following procedures outline a parameter check of each
major circuit contained in the instrument.

4-67. POWER SUPPLY TESTS

4-68. The Power Supply Tests require the use of an
ac voltmeter, an autotransformer, an oscilloscope, and
a dc differential voltmeter, To perform the tests,
proceed as follows:

a. Remove the upper rear dust cover and side panels
from the Model 931B and make the equipment con-
nections illustrated in Figure 4-13.

AUTO
TRANSFORMER
S AC
AMMETER
15
vac{~ —<€—-®——<(——
60 Hz
L« <<
FLUKE
MODEL
9318

Figure 4-13, POWER SUPPLY TESTS EQUIPMENT
CONNECTIONS

b. Place the Model 931B controls to the following

positions:
POWER ON
MODE NULL 10%
RANGE 100 MILLIVOLTS
NULL DAMPING 10 Hz - 2 MHz
Readout dials 0000

¢. Apply 115 valts ac, 50 to 440 Hz, through the auto-
transformer to the Model 931B.

d. Connect the oscilloscope signal input to TP10 and
connect its ground lead to the nearest GRD point.
The signal observed on the oscilloscope CRT should
not exceed a peak-to-peak amplitude of 14 milli-
volts.



e. Connect the cacilloseope input to TP11. The signal
observed on the oscilloscope CRT should not exceed
a peak-to-peak amplitude of 14 millivolts,

f. Connect the input lead of the dc differential volt-
meter to TP10 and its common lead to the nearest
GRD point. The voltage at TP10 should be +14.5
volts dc.

g. Rotate R143, adjustment L, to each avallable limit,
observing that the voltage at TP10 changes by at
least 1.7 volts.

h. Adjust R143, adjustment L, for +14.5 +0. 004 volts
de at TP10.

i, Reduce the ac input to 103. 5 volts ac with the auto-
transformer control, The voltage observed on the
dc differential voltmeter ghould not vary.

j. Increase the ac input to 126.5 volts ac with the
autgtransformer control. The voltage observed
on the dec differential voltmeter should not vary.

k. Return the ac input voltage to 115 volts ac with the
autotransformer control.

1. Connect the dc differential voltmeter input to TP11,
observing that the voltage is -13. 9 to -14. 6 vclts
de,

m. Repeat steps i through j with the dc differential
voltmeter connected to TP11,

n, Connect the dc differential voltmeter input to the
wiring harneas at terminal 2 or 3 of the Input
Amplifier and Power Supply assembly. The voltage
at terminal 2 and 3 should be +6. 2 to +6.5 volts dc.

4-69. When the results of these tests agree with the
information given, the Power Supply is operating prop-
erly, and the test equipment can be disconnected from
the Model 931B.

4-70, INPUT AMPLIFIER AND VARIABLE GAIN AC
AMPLIFIER TESTS

4-71. The Input Amplifier and Variable Gain AC Am-
plifier Tests require the use of a de voltmeter with a
10K ohm isolation probe illustrated in Figure 4-7, an
oscilloscope, a calibrated ac scurce, a ratio trans-
former, and a square wave generator. To perform the
checks, proceed as follows:

a, Apply ac line power to the Model 931B and place
ite controls to the following positions:

POWER ON

MODE TVM X1

RANGE 100 MILLIVOLTS
NULL DAMPING 10 Hz - 2 MHz
Readout dials 100,00

b. Perform the bias voltage checks at the testpoints
indicated in Figure 4-14 and, if necessary, adjust
the appropriate adjustment to obtain the specified

www.valuetronics.com

931B

voltage. The {inal setting of these adjustments
must not occur at the end limit of their adjustment
range.

TEST SPECIFIED
POINT VOLTAGE ADJUSTMENT
TP25 0 £0, 02 vde R105, adjustment H

TP22 0 £0. 02 vde

TP20 +3.5 to 44, 5 vdc | R204, adjustment M
R222, adjustment P

Figure 4-14, BIAS CHECKS

Apply a 10 volt rms 500 Hz signal, from a calibra-
tion source, to the input of the ratio transformer.

Set the ratio transformer controls to provide an
output voltage of 0.1 volts rms.

Apply the ratio transformer output to the Model
931B INPUT.

Observe the signal present at TP12, TP21, and TP
24 with an oscilloscope. The peak-to-peak values
should correspond to the waveforms contained in
Figure 4-15.

Set the ratio transformer controle to provide an
output voltage of 0. 010 volts rms, and again ob-
serve the signals present at TP12, TP21 and TP
24 with an oscilloscope. The peak-to-peak signal
levels should be 1/10 of the values illustrated in
Figure 4-13,

Perform the range checks describe in Figure 4-16
at 500 Hz, observing that the signals at TP12, TP
21, and TP24 correspond to the specified peak-to-
peak levels of Figure 4-15.

Repeat the range checks of Figure 4-16 at irequen-
cies of 5 Hz, 50 kHz, and 500 kHz, observing that
the signals at TP12, TP21, and TP24 are consist-
ant with the 500 Hz checks.

Yote!

Complete frequency response checks are
contained in paragraph 4-50 of the Cali-
bration Procedures. These checks should
be performed only after the instrument is
determined to be fully operational.

To check the amplifiers dynamic range for high
crest factor waveforms, make the equipment con-
nections 1llustrated in Figure 4-17 and place the
RANGE switch to its 1000 MILLIVOLTS position.

Adjust the square wave generator output for a 10
volt peak-to-peak signal on the oscilloscope CRT.

Adjust the squarewave generator output frequency,
while simultanecusly maintaining a 10 volt peak-to-
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Iv/em

500 Hz .1 vms input 1 msec/cm TP12

500 Hz .1 vrms input 1 msec/cm TP21

Iv/cm

500 Hz .1 vmms input ! msec/cm TP24

NOTE: All wayeforms faken with an ac coupled
oscilloscope using a 10:1 probe.

Figure 4-15, INPUT AND VARIABLE GAIN AC
AMPLIFIER WAVEFORMS

peak output, for a one volt rms indication on the
Model 931B.

m. Connect the oscilloscope input to TP24 of the Model
931B, observing that there is no clipping at the

PEAK-TO-PEAK
WAVEFORM
LEVELS
OF FIGURE 4-15

INPUT

RANGE RMS MODE
SWITCH | VOLTAGE | SWITCH

1000 mv 0.1 TVM X1 10%
0.1 TVM X. 1 100%
0.3 TVM X. 3 100%
1,0 TVM X1 100%
10v 10.0 TVM X1 100%
100v 100.0 TVM X1 100%
1000v 100, 0 TVM X1 10%

Figure 4-16, RANGE CHECKS

peaks of the waveform. I« clipping is observed,
the amplifiers have a limited dynamic range.

4-72, When the results of these checks agree with the
information given, the Input Amplifier and Variable
Gain AC Amplifier are functioning properly, and the
test equipment can be disconnected from the Model
931B.

4-73, NULL DETECTOR TESTS

4-74., The Null Detector Tests require the use of a
frequency counter, an oscilloscope, an ac source, a
ratio transformer and a de¢ voltmeter. To perform
the tests, proceed as follows:

a, Apply ac line power to the Model 931B and place
its controls to the following positions:

POWER ON
MODE TVM X1
RANGE 1000 MILLIVOLTS

NULL DAMPING 10 Hz - 2 MHz
Readout dials 1000.0

b. Connect the input of the frequency counter to TP30,
observing that the counter indicates 2,500 Hz +5
Hz, If necessary, adjust the tuning siug of T301,
adjustm ent S, to obtain the correct frequency.

H.P. MODEL 33004

[y )]
Oh ool
<] L]

10:1 PROBE

|
TO MODEL 9318
( 2] INPUT
@ BN Y B
@..
o @ - -
XXX @,\g:

[ . | @Q .
Y ¢ | TEKTRONIX
o o | ®® ;| MODEL 5454

Figure 4-17. CREST FACTOR CHECK EQUIPMENT CONNECTIONS
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Disconnect the frequency counter from the Model
931B.

Connect the oscilloscope input to TP31 and its ex-
ternal trigger input to TP30,

Apply a 10 volt rms 500 Hz signal, from a cali-
bration source, to the input of the ratio trans-
former,

Set the ratio transformer output to Q. 08 volts rms.

Apply the ratio transformer output to the Model
931B INPUT.

Short TP32 and TP33 to the nearest GRD point.

Set the ratio transformer output to provide an un-
saturated 5 kHz carrier signal on the oscilloscope
CRT. Figure 4-18 illustrates a typical unsaturated
in-phase carrier signal.

NOTE: Waoveform taken with on ac coupled oscilloscope.

2v/cm

500 Hz 0B vims .1 mees/om TP31

Figure 4-18, CARRIER AMPLIFIER WAVEFORM

Adjust the tuning slugs of T303 and L301, adjust-
ments R and T, for a maximum positive carrier
signal at TP31. The ratio transformer output may
have to be reduced to prevent saturation as the
maxitmum carrier level is approached.

Retune the slugs of T303 and L301 to obtain the
in-phase carrier signal illustrated in Figure
4-18,

Remove the ground from TP32 and TP33 and set
the ratio transformer output to one volt rms. The
waveform observed at TP31 shall not exceed four
volts peak-to-peak or replacement of T302 will be
necessary.

Disconnect the oscilloscope from the Model 931B,
Connect the dc voltmeter input to TP32 and its
common lead to the nearest GRD point. The volt-
age at TP32 should be +14 £3. 0 millivoits dc.

Connect the dc voltmeter input to TP33. The volt-
age at TP33 should be +7.1 0. 8 volts dc.

www.valuetronics.com
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Connect the dc voltmeter input to the base of Q304.
The voltage should be +1.4 10, 2 volts dc.

Remove the rms input to the Model 831B. The
voltage at the base of Q304 should decrease to
approximately zero volts dc.

Connect the dc voltmeter input to TP33. The volt-
age at TP33 should be -0. 6 £0. 2 volta de.

Apply the ratio transformer output to the Model
931B INPUT and set the ratio transformer output
to 0.2 volts rms, The voltage at TP33 should be
+1. 8 £0. 3 volis de.

Set the ratio transformer output to 1.5 volts rms.
The voltage at TP33 should be +10 +0. 9 volts de.

Set the ratio transformer output to 1. 8 volts rms
and then back to 1.5 volts rms. The overload
relay should be activated only on the ratio trans-
former output setting of 1. 8 volts rms.

Connect the de voltmeter input to the base of Q317
and perform the checks indicated in Figure 4-18,
observing that the specified voltages are obtalned,

MODEL 931B Q317 BASE
RMS INPUT VOLTAGE
(0.1 vde)
1.0 +2.0
0.2 +0, 37
') -0. 06

Figure 4-19, METER AMPLIFIER INPUT VOLTAGE CHECKS

Connect the dc voltmeter input to the collector of
Q322 and perform the checks indicated in Figure
4-20. If necessary, adjust the appropriate adjust-
ment to obtain the specified regults. The final
setting of these adjustments must not occur at an
end-limit of their adjustment range.

MODEL Q322

931B [CALLECT(R] METER
RMS VOLTAGE |DEFLEC-

INPUT |(20.03 vdc)| TION ADJUSTMENT
g g 0 R342 - V
0.2 +0.43 .2
1.0 2.1 1.0 |R3so-Y

Figure 4-20, METER AMPLIFIER TVYM MODE OUTPUT CHECKS

Perform the NULL MCDE checks indicated in Fig-
ure 4-21. If necessary, adjust the appropriate
adjustment to obtain the specified results. The
final setting of these adjustments must not occur
at an end-limit of their adjustment range.
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MODE MODEL 931B Q322 COLLECTOR METER
SWITCH RMS INPUT VOLTAGE DEFLECTION ADJUSTMENT
(0.3 vde) (6 8. d.)

NULL 10% 1.0 ¢ 0 R347 - X
1.1 +2.1 +1.0 R356 - W
0.9 -2.1 -1.0

NULL 3% 0.97 -1.96 -3.0
1.03 +1. 96 +3.0

NULL 1% 1.01 +2.1 +1.0
0.99 -2.1 -1.0

NULL . 3% 0,997 -1.96 -3.0
1. 003 +1. 96 43.0

NULL .1% 1.001 +2.1 +1.0
0.999 -2.1 -1.0

Figure 4-21. METER AMPLIFIER NULL MODE OUTPUT CHECKS

y. Connect the de volimeter input and common leads
to the RECORDER OUTPUT terminals.

z. Place the MODE switch to NULL 10%.

aa. Perform the checks described in Figure 4-22. K
necessary, adjust the appropriate adjustment to
obtain the specified results. The final adjustment
setting must not occur at an end-limit of its adjust-
ment range,

MODEL 931B {RECORDER OUTPUT
RMS INPUT VOLTAGE ADJUSTMENT
(. 02v)
1.0 0
1.1 1.0 R362 - Z

Figure 4-22, RECORDER OUTPUT CHECKS

4-75. When the results of these checks agree with the
information given, the Null Detector is functioning
properly and the test equipment can be disconnected
from the Model 931B.

4-76, DIGIT ATTENUATOR TESTS

4-T77. The Digit Attenuator Tests require the use of
a calibrated ac source and a ratio transformer. To
perform the tests, proceed as follows:

a. Apply ac line power to the Model 931B and place
its controls to the following positions:

POWER ON
MODE NULL 10%
RANGE 10 VOLTS

4-16
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NULL DAMPING 10 Hz - 2 MHz
Readout dials Q 00 ll

Apply a 10 volt rmg 500 Hz signal, from a cali-
bration source, to the ratio transformer.

Set the ratio transformer output to 10 volts rms.

Apply the ratio transformer output to the Model
931B INPUT, The Model 531B meter should in-
dicate zero.

Slowly ratate the second from the left Readout dial
to each digit position. The meter excursions
between dial positions must be negative and then
return quickly to the correct reading when the dial
is firmly positioned.

Return the second dial to zero and place the MODE
switch to the NULL 1% position. A meter deflection
of zero should be obtained.

Slowly rotate the third from the left Readout dial
to each digit position, The meter excursions
between dial positions must be negative and then
return quickly to the correct reading when the
dial is firmly positioned.

If either of the Readout dials in steps e or { fail
the test, check alignment of the star shaped rotor
of that particular switch. The fixed tabs should be
centered on the points of the star rotor when the
dial is firmly positioned.

Yote!

The switeh contacts can be cleaned using
Cranolin Contact Cleaner and Lubricant,



i, Place the RANGE switch to the 1000 MILLIVOLTS
position and set the Readout dials to 777. 0.

j. Set the ratio transformer oufput to 0.7777. The
Model 931B meter will indicate negative full-scale.

k. Rotate the vernier Readout dial slowly to 77 and
then back to 0,, observing that the inster pointer
moves linearily to 0 and back to negative full-scale.
Abrupt shifts of the meter pointer indicate oseil-
lations in the Variable Gain AC Amplifier. Refer
to paragraph 4-70 for troubleshooting information
concerning the Variable Gain AC Amplifier.

4-78. Whan the results of these tests agree with the
information given, the Digit Attenuator is functioning
properly, and the test equipment can be disconnected
from the Model 931B.

4-79. SELECTION OF COMPENSATING COMPO-
NENTS

4-80., INTRODUCTION

4-81. The replacement of a component on the A3 and
A4 assemblies found to be defected during the course
of troubleshooting may alter the adjustment range or
frequency response characteristics of the Model 931B.
Consequently, it may become necessary to replace
certain selected components with new co.nponents of
different values to bring the adjustment range or fre-
quency response characteristics within tolerance.
Complete instructions to determine the correct values
of these selected components are contained in the
following paragraphs.

831B

4-82. CORRECTION OF INPUT AMPLIFIER ADJUST -
MENT RANGE

4-83, Upon replacement of comnponents associated
with the Input Amplifier cirecultry, it may be neces-
gary to alter the value of capacitors C118, C134, and
C139 to bring the 50 kHz adjustment range of the Input
Amplifier within tolerance. To select the correct
values of these capacitors, proceed as follows:

a. Remove C118, C134, and C139 fromn the A3 as-
gembly. Refer to Figure 4-23 for locations.

b. Place the Model 931B controls as follows;

POWER ON

MODE NULL .1%
RANGE 10

NULL DAMPING 10 Hz - 2 MHz
Readout dials 10000

c. Rotate C108, adjustment J, until all of its threaded
shaft is exposed.

d. Applya 10 volt rms 500 Hz signal, from a cali-
bration source, to the INPUT of the Model 931E.

e. Adjust R131, adjustment E, for a center-zero
meter indication $1-1/2 small divisions.

e

Apply a one volt rms 500 Hz signal, from a cali-
bration source, to the INPUT of the Model 931B
and place the Readout dialsto 1 0 00,

C134 - may or may not be installed
c118

C139

Figure 4-23, LOCATION OF COMPENSATING COMPONENTS

www.valuetronics.com
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Adjust R242 and R244 for a center-zero meter
indication.

Increase the calibration signal frequency to 50 kHz
and adjust C121, adjustment D, for a center-zero
meter indication £1-1/2 small divisions. H the
desired results cannot bhe obtained, rotate C121
to the center of its adjustment range.

Select a value, nominally 30 pf, for the padder
capacitor C139 that will provide C121 with an ad-
justment range necessary to obtain the desired
results of step h. Securely solder the selected
capacitor C139 in its correct position illugtrated
in Figure 4-23,

Perform the adjustments described in paragraphs
4-43 through 4-45,

Place the Model 931B controls as follows:

POWER ON
MODE NULL . 1%
RANGE 100

NULL DAMPING 10 Hz - 2 MHz
Read dials 10000

Adjust C117, adjustment F, for a center-zero
meter indication £1-1/2 small divisions.

Perform the frequency response checks contained
In Figure 4-24, observing that the Model 931B
meter deflection is within the specified limits. If
these specified limits are not obtained, refer to
paragraph 4-85 through 4-87 for selection of ad-
ditional compensating networks,

4-84. When the results of these corrections agree with
the information given, the instrument is ready for cali-
bration using the procedures described in paragraphs
4-28 through 4-62,

4-85. SELECTION OF FREQUENCY COMPENSATING
NETWORK COMPONENTS,
4-86, If the 20 kHz or 500 kHz frequency response

checks of paragraphs 4-49 or 4-82 are not within their
apecified limits, it will be necessary to select values
of the components used in the frequency compensating
networks of Figure 4-25. To select the values of these
components, proceed as follows:

www.valuetronics.com

; . Determine the area in need of compensation by
Apply a 100 volt rms 500 Hz signal, from a cali- a .
bration source, to the input of the Model 931B and ge;fl"mﬂng the frequency response checks of Figure
adjust R128, adjustment G, for a center-zero e
ication £1-1/2 small divisions.
e Bt el el (e b. I the results of the 20 kHz checks are too low (-)
. . remove R233, observing that a positive meter
g%r:?fsthgfﬁh bﬁ%‘;ﬁ;ﬁ?ﬁ?&:ﬂ‘x;:ei?zkeﬂrz deflection occurs, and then use the information
meterlindlcatio,n ill- 1/2 smafl divisions. If the p g%‘éidEd In Figure 4-26 to select a new value for
desired results cannot be obtained, rotate C117 to e
the center of its adjustment range.
’ ’ Note!
Place the MODE switch to NULL 10% and select a It ton i ¢
value, nominally 300 pf, for the padder capacitor cgmiiﬁsasao&f ber or‘nf.d at 20 kHz,
C134 that will cause less than a +. 1 meter deflec- rechiec eh 4 Bzcompensa ion described
tion. Solder the selected capacitor C134 in its in paragraphs 4-82 through 4-84.
correct position illustrated in Figure 4-23.
Place the MODE switch to NULL . 1% and select a c¢. If the resulis of the 500 kiHz checks are too high
value, nominally 30 pf, for C118 that will cause {+), the value of C218 will have to be increased.
a center-zero meter deflection % five small divi- For example, if a -0,7% change is required, in-
gions. Solder the selected capacitor in its correct crease the value of C218 by 33 pf. Nominal values
position illustrated in Figure 4-23. of C218 are as follows:
INPUT RMS MODEL 931B METER DEFLECTION DEVIATION
VOLTAGE RANGE FROM CENTER-ZERO
20 kHz 50 kHz 500 kHz
(NULL . 1%) (NULL . 1%) (NULL 10%)
100 mv 100 MILLIVOLTS .5s.d 1.5 s.d, +8 m.d.
iv 1000 MILLIVOLTS .5 s.d, +1.5 &5.d. +8 m.d.
10 v 10 VOLTS .5 s.d. x1.5 s.d, #8 m.d.
100 v 100 VOLTS .5 s.d £1.5 s.d. #8 m. d.
Figure 4-24, FREQUENCY RESPONSE CHECKS
4-18
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p

0
"4
Figure 4-25. LOCATION OF COMPENSATING NETWORK COMPONENTS
BRC INPUT PROBE INPUT
METER
33to 47 pf 82 pf to 120 pf for 39 pf to 82 pf for ch}li:grLV'EECTION R233 VALUE
a 5. 6K value of a 4, 7K value of
R233. R233.
+ 50 ppm 3K
+100 ppm 1. 5K
%ze / +200 ppm 1K
' +300 ppm 680K and increase value
. of C218 to 39 pf
Compensation at 500 kHz must be started
on the lower voltage ranges with at least

a -0. 5% resultant to bring the higher volt- .
age ranges within tolerance. Figure 4-26, 20 kHz NETWORK COMPENSATION

4-87. Wh en the results of these corrections agree
with information given, the instrument is ready for

calibration using the procedures described in paragraphs
4-28 through 4-62.

4-19
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SECTION V

LIST OF REPLACEABLE PARTS

5-1. INTRODUCTION

5-2. This section of the manual contains a listing
of replaceable components for this instrument. The
first listing contains a complete breakdown of all the
major assemblies followed by subsequent listings that
itemize the components on each major assembly, An
illustration accompanies each major assembly listing
to aid in locating the listed components.

5-3. Assemblies and subassemblies are identified
by a reference designation beginning with the letter
A followed by a number (e.g., Al etc.}). Electrical
components appearing on the schematic diagram are
identified by their schematic diagram reference desig-
nation. Components not appearing on the schematic
diagram are identified by index numbers on the grid
illustrations. Flagnotes are used throughout the parts
list and refer to special ordering explanations that are
located in close proximity to the flagnotes.

5-4. COLUMN DESCRIPTIONS

a. The REF DESIG column indexes the item descrip-
tion to the associated illustration. In general the
reference designations are listed under each as-
sembly ia alpha-numeric order., Subassemblies
of minor proportions are sometimes listed with
the assembly of which they are a part. In this
case, the reference designations for the com-
ponents of the subassembly may appear out of
order.

b. The INDEX NO. column lists coordinates which
locate the designated part on the associated grid
illustrations.

¢. The DESCRIPTION column describes the salient
characteristics of the component. Indention af
the description indicates the relationship to other
agsemblies, components, etc. In many cases it
is necessary to abbreviate in this column. For
abbreviations and symbols used, see the follow-

ing page.

www.valuetronics.com

The ten-digit part number by which the item is
identified at the John Fluke Mifg. Co. is listed in
the STOCK NO. column. Use this number when
ordering parts from the factory or authorized
repregentatives.

The Federal Supply Code for the item manufacturer
is listed in the MFR column. An abbreviated list
of Federal Supply Codes is included in the Ap-
pendix,

The part number which uniquely identifies the
item to the original manufacturer is listed in the
MFR PART NO. column. If a component must be
ordered by description, the type number is listed.

The TOT QTY column lists the total quantity of the
iteme used in the instrument and reflects the latest
Use Code. Second and subsequent listing of the
same item are referenced to the first listing with
the abbreviation REF, In the case of optional sub-
assemblies, plug ins, etc. that are not always part
of the instrument, or are deviations from the basic
instrument model, the TOT QTY column lists the
total quantity of the item in that particular as-
sembly.

Entries in the REC QTY column indicate the rec-
ommended number of spare parts necessary to
support one to five instruments for a period of two
years. This list presumes an availability of com-
mon electronic parts at the maintenance site. For
malntenance for one year or more at an isolated
site, it is recommended that at least one of every
part in the instrument be stocked. In the case of
optional subassemblies, plug ins, etc. that are
not always part of the instrument, or are deviations
from the basic instrument model, the REC QTY
column lists the recommended quantity of the item
in that particular assembly.

The USE CODE column identifies certain parts
which have been added, deleted or modified during
the production of the instrument. Each part for
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which a Use Code has been assigned may be iden- 5-7.  You can insure prompt and efficient handling of
tified with a particular instrument serial number your order to the John Fluke Mfg. Co. if you include
by consulting the Serial Number Eifectivity List the following information:

at the end of the parts list. Sometimes when a

part is changed, the new part can and should be a. Quantity.
used as a replacement for the original part. In
this event a parenthetical note is added in the b. FLUKE Stock Number.
DESCRIPTION column, C. Description_
d. Reference Designation.

5-5. HOW TO OBTAIN PARTS

e. Instrument model and serizl number.
5-6, Standard components have been used wherever
possible. Standard components may be ordered directly  Example; 2 each, 4805-177105, Transistors, 2N3565,
from the manufacturer by using the manufacturer's part Q107-108 for 845AR, s/n 168.
number, or parts may be ordered from the John Fluke
Mig. Co. factory or authorized representative by using
the Fluke part number, In the event the part you order Ii you must order structural parts not listed in the parts

has been replaced by a new or improved part, the re- list, describe the part as completely as possible. A
placement will be accompanied by an explanatory note sketch of the part showing its location to other parts of
and installation instructions, if necessary. the instrument is usually most helpful.

5-8. LIST OF ABBREVIATIONS

ac alternating current mw milliwatt

Al Aluminum na nanoampere

amp ampere nsec nanosecond

assy assembly nv nanovolt

cap capacitor Q ohm

car flm carbon {ilm ppm parts per million

© centigrade piv peak inverse voltage

cer ceramic p-p peak to peak

comp composition pf picofarad

conn conmnector plste plastic

db decibel P pole

de direct current pos position

dpdt double-pole, double-throw P/C printed circuit

dpst double-pole, single-throw ri radio frequency

elect electrolytic rfi radio frequency interference
r fahrenheit res resistor

Ge germanium rms root mean square

gmy guaranteed minimum value rtry rotary

h henry sec second

Hz hertz sect section

hf high frequency 8/N serial number

IC integrated circuit Si silicon

if intermediate frequency scr silicon controlled rectifier
k kilohm spdt single-pole, double-throw
kHz kilohertz spst single-pole, single-throw
kv kilovolt sW switch

1f low frequency Ta tantalum

MHz megahertz tstr transistor

M megohm tvm transistor voltmeter

met flm metal {ilm uhf ultrahigh frequency

ua microampere vivm vacuum tube voltmeter

uf microfarad var variable

uh microhenry vhi very high frequency

usec microsecond vil very low frequency

uv microvolt v volt

ma milliampere va voltampere

mh millihenry vac volts, alternating current
m milliohms vde volts, direct current
msec millisecond w watt

myv millivolt ww wire wound

5-2
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REF [(INDEX STOCK MFR TOT|REC| USE
DESCRIPTI F
DESIG| NO Akl NO MFR PART NO (QTY|QTY|CODE
RMS DIFFERENTIAL VOLTMETER 931B
Figure 5-1
Al D2-U3 Front Panel Assembly
(See Figure 5-2)
A2 D1-85 Switch Panel Asser .y 3158-197863 | 89536 | 3158-197863| 1
(See Figure 5-3) (931A-408)
Al H3-Q5 Input Amplifier and Power Supply Assy. | 1702-197798 | 89536 | 1702-197798| 1
(See Figure 5-6) (931A-401)
A4 I5-Q5 Variable Gain AC Amplifier Assembly | 1702-197806| 89536 | 1702-197806] 1
(See Figure 5-7) (931A-402)
AS K5-R1 Null Detector Assembly 1702-197814 | 89536 | 1702-197806| 1
{See Figure 5-8) (931A-403)
F1 B3-P4 Fuse, Type AGC, fast act, 1/4 amp, 5101-109314| 71400 | Type AGC 1 5
250v
(for 115v operation)
(Sheet 2 of 2)
F1 B3-P4 Fuse, Type AGC, fast act, 1/8 amp, 5101-196750 ( 71400 | Type AGC 1 5
250v
(for 230v operation)
(Sheet 2 of 2}
J3 B4-T4 Binding post, red (sheet 2 of 2) 2811-142976| 56474 | DF3IIRC 1
J4 B1-T4 Binding post, black (sheet 2 of 2) 2811-142984 | 58474 | DF31BC 1
Pl B3-Q3 Connector, male, 3 contact, snap-in 2109-160275 | 73586 | M-1548-GS 1
(Sheet 2 of 2)
R38 Res, var, comp, 2.5k +20%, 1/2w 4701-192112| T1450 | VF-45 1
(not illustrated)
TI1 K1-N5 Transformer, power 5602-192690 | 89536 | 5602-192690| 1
XFl |B3-pP4 Holder, fuse 2102-160848 | 75915 | 342004 1
B2-Q4 Bail (not illustrated) 3153-163386| 89536 3153-163386| 1
B2-P4 Bail, foot (not illustrated) 3151-169904| 89536 | 3151-169904| 2
J1-T3 Coupling, 5/8 inch. 2402-196881| 89536 | 2402-1968B81| 2
J1-T4 Coupling, 5/8 inch. 2402-196881| 89536 | 2402-196881 REF
J1-U1 Coupling, 1/2 inch. 2402-198374| 89536 | 2402-198374| 1
I1-85 Coupling, 1/4 inch. to 1/4 inch. 2402-104505| 89536 | 2402-104505| 1
B3-R4 Cover, bottom (not illustrated) 1406-167627| 89536 | 1406-167627{( 1
J1-N35 Cover, side (sheet 2 of 2} 1406-167635| 89536 1406-16%635) 2
J1-P3 Cover, side front (sheet 2 of 2) 1406-162164 | 89536 | 14068-162164( 2
L1-P5 Cover, top (sheet 2 of 2} 1406-167619 | 89538 | 1406-167619( 1
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Figure 5-1. 9318 RM5 DIFFERENTIAL VOLTMETER (Sheet 1 of 2)
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Figure 5-1, 931B RMS DIFFERENTIAL YOLTMETER {Sheet 2 of 2)
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D':ETG IN:cfx HESCRIRITON STSSK MFR PAA:'T:RNO L?: ;$$ c%sge
C3-T4 Dial drum, 0-10 2403-162891| 89536 | 2403-162891| 3
D2-T4 Dial drum, 0-10 2403-162891| 89536 | 2403-162891 |REF
E2-T4 Dial drum, 0-10 2403-162891 | 89536 | 2403-162891 |REF
B3-T4 Dial drum, 0-100 2403-162909 | 89536 | 2403-162909| 1
K4-U2 Extension, shaft 2402-178038 | 20584 | custom 1
A2-P3 Foot, rubber (sheet 2 of 2) 2819-103309 | 77969 | 9102-W 4
B2Z-TbH Gear, nylon 3155-154682| 89536 | 3155-154682( 4
L2-R1 Handle, black vinyl (sheet 2 of 2) 2404-101857 | 12136 | 919-415-173| 1
B3-T1 Knob, RECORDER OUTPUT 2405-190249 | 89536 | 2405-190249| 2
(sheet 2 of 2)
Line cord (not illustrated) 6005-161638 | 91934 | SVT-107-1 1
J1-Uz2 Shaft, cal pot 4711-197723| 89536 | 4711-197723| 1
Shaft, drum (not illustrated) 3153-171686 | B9536 | 3153-171686] 1
I11-U2 Shait, range switch 5108-197673| 89536 | 5108-197673| 1
5-6
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e 523 DESCRIPTION TNo. | MR | paarno oty givcr e
Al FRONT PANEL ASSEMBLY - Figure 5-2
DS1 Cl-R3 Lamp, incandescent, 10v 3901-192120 | 08806 | 709 3|5
DS2 Cl1-81 Lamp, incandescent, 10v 3901-192120 | 08806 ! 709 REF
DS3 C1-Q4 Lamp, incandescent, 10v 3001-162120 | 08806 | 709 REF
Jl J5-P2 Connector, female, coaxial 2106-193250 | 91737 | 11823-1 1
Type BNC
M1 K1-R2 Meter, 100-0-100 ua, 225Q 2901-195156 | 89536 | 2801-185156 1
s H3-N5 Switch, NULL DAMPING, slide 3156-240218 | 89536 | 3156-240218 1
XDS1 B5-R2 Socket, lamp 2110-193037 | 95263 | 25-08-1 3
XDSs2 B5-51 Socket, lamp 2110-183037 | 85263 | 25-08-1 REF
XDS3 B5-Q4 Socket, lamp 2110-193037 | 95263 | 25-08-1 REF
I12-R3 Knob, CAL 2405-190249 | 89536 | 2405-190249 |REF
G4-Q1 Knob, DIGIT 2405-158949 | 89536 | 2405-158949 4
G4-R3 Knob, DIGIT 2405-158949 | 89536 | 2405-158949 |REF
G4-54 Knob, DIGIT 2405-156949 | 89536 | 2405-158849 |REF
G4-U1l Enoh, DIGIT 2405-158940 | 89536 { 2305-158949 |REF
I12-T1 Knob, MODE 2405-158956 | 89536 | 2405-158956 3
J5-T4 Knob, POWER 2405-158956 | 89536 | 2405-158956 |REF
12-P5 Knob, RANGE 2405-158956 | 89536 | 2405-158956 |REF
J1-P1 *Panel decal 3156-240192 | B9536 | 3156-240192 1
E1-q1 *Panel, finlghed 1406-197582 | 86536 | 1406-197582 1
*When ordering a front panel for
the instrument, both the finished
panel and the panel decal must be
ordered.
5-7
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REF ]JINDEX STOCK MFR TOT|REC| USE
I F
DESIG| NO DESCRIPTION NO MFR | parTNno |aTY|arY|cODE
A2 SWITCH PANEL ASSEMBLY 3158-197863| 89536 | 3158-197863 |REF
-Figure 5-3 (931A-408)
A2A1 D2-Q1 Digit Switch Assembly 5110-197848] 89536 |5110-197848 1
(See Figure 5-4) (931A-406)
A2A2 F1-T1 Mode Switch Assembly 5110-197855| 89536 | 5110-197855 1
(See Figure 5-5) (931A-407)
C1 G4-P1 Cap, matched pair, cer, 5.1 pf 1501-199687| 95275 | VY10CAS5- 1
+. 25 pf, 500v RICA
(behind cover}
Rl G4-P1 Res, met flm 1. 004M matched set i
{behind cover)
R7 F5-R4 Res, var, comp, 5k +20%, 1/2w 4701-155248| 71450 | VA-45 1
81 G5-T4 Switch, POWER, rotary, 2p, 2 pos, 5105-160679| 89536 |5105-180679 | 1
1 sect
53 F4-54 Switch, CAL, leaf spring, 4p, 5106-198317| 89536 |5106-1968317 1
spst, 2p, spdt
[T> Resistors R1, R124, R126, R129 and R130 are factory matched. If
replacement is required, an entire set, part number 4705-192849,
must be ordered,
5-9
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Figure 5-3. SWITCH PANEL ASSEMBLY
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D':Ei'l:G INI\?;x I STSSK MER PA%:RNO TQC;: (R)i(Y: Clé)s[EE
A2A1 DIGIT SWITCH ASSEMBLY 5110-197848]| 89536 {5110-197848 |REF
Figure 5-4 (931A-406)

R11 | 3-Q2 Res, ww, 10k matched set =

R1Z | 13-Q4 Res, ww, 5k matched set >

R13 H5-Q1 Res, met flm, 1k %1%, 1/8w 4705-168229| 75042 | Type CEAT-d 3

R14 | H2-Q5 Res, ww, 2.5k matched set >

R15 | H2-P5 Res, met flm, 3320 +1%, 1/8w 4705-192858| 75042 (Type CEAT-O{ 1

R16 | H1-Q2 Res, ww, 1,25k matched set =

R17 Res, met flm, 1439Q+1%, 1/8w 4705-192906} 75042 |[Type CEAT-Q| 1
(not illustrated)

R18 | H4-Q1 Res, met flm, 1k +1%, 1/8w 4705-168229( 75042 |Type CEAT-OREF

R19 Res, met flm, 1k 1%, 1/8w 4706-168229| 75042 |Type CEAT-O|REF

R20 | G5-Q5 Res, ww, 100k matched set [

R21 | G4-Q2 Res, comp, 10k £5%, 1/4w 4704-148106| 01121 |CB1035 3

R22 | F5-Rl1 Res, ww, 50k matched set

R23 G3-Q2 Res, comp, 5.1k 5%, 1/4w 4704-193342| 01121 | CB5125 2

R24 Fa-Q4 Res, ww, 25k matched set [}

R25 | F4-Q1 Res, comp, 2.4k +5%, 1/4w 4704-193433| 01121 |CB2425 1

R26 | F3-Q2 Res, ww, 12.5k matched set >

R27 Res, comp, 1.2k +5%, 1/4w 4704-190371| 01121 |{CB1225 3
(not illustrated)

R28 Res, met flm, 1M %.5%, 1/4w 4705-198234| 75042 | Type CEB 1
(not illustrated)

R29 | F1-Q2 Res, comp, 100k +5%, 1/4w 4704-148189] 01121 |CB1045 2

R30 E5-R1 Res, met flm, 500k +. 25%, 1/4w 4705-198242| 75042 | Type CEB 1

Ri1 | E5-Q2 Res, comp, 51k £5%, 1/4w 4704-193334( 01121 | CB5135 1

R32 E2-Q5 Res, met flm, 250k +1%, 1/4w 4705-198226( 75042 | Type CEB 1

R33 E1-Q1 Res, comp, 24k +5%, 1/4w 4704-193425| 01121 | CB2435 1

R34 Res, met flm, 125k 1%, 1/4w 4705-198218| 75042 | Type CEB 1
(not illustrated)

R35 Res, comp, 12k £5%, 1/4w 4704-159731| 01121 | CB1235 2
(not illustrated)

R36 E1-Q4 Res, met fim, 49. % 1%, 1/2w 4705-182980]| 75042 | Type CEC-TO| 1

5-11
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Figure 5-4, DIGIT SWITCH ASSEMBLY
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REF |[INDEX STOCK MFR TOT|REC| USE
DESCRIPTION F
DESIG| NO NO MFR PART NO |QTY|QTY|CODE
R37 |D3-R3 Res, var, ww, 2500 +5%, 1w, 4702-244905 (89536 |4702-244905 1
4th DIGIT
54 H5-P4 Switch, 1st DIGIT, rotary, 5105-198366 |89536 |5105-198366 11
11 pos, 5 sect
55 G2-P5 Switch, 2nd DIGIT, rotary, 5105-198325|89536 |5105-198325 2
10 pos, 4 sect
56 E5-P5 Switch, 3rd DIGIT, rotary, 5105-198325 (89536 |5105-198325 |REF
10 pos, 4 sect
[> These resistors are factory matched. o replacement is required,
please give model, serial number, reference designation, and all
markings from the resistor you are replacing.
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REF |INDEX DESCRIPTION STOCK MFR MFR TOT|REC| USE
DESIG| NO NO PART NO |QTY[QTY|CODE,
A2A2 MODE SWITCH ASSEMBLY 5110-197855 |89536 |5110-197855 |REF

Figure 5-5 (931A-407)
C2 C4-K1 Cap, cer, .5 pf .25 pf, 500v 1501-174896 |71590 | Type TC2 1 A
C2 C4-K1 Cap, cer, 1 pf .25 pf, 500v 1501-105908 {72982 | 331-000/ 1 B
COKO/109C
C3 D4-K1 Cap, cer, 1pf+.25 pf, 600v 1501-105908 |72982 | 331-000/ 1 A
COKO0/109C
C3 D4-K1 Cap, cer, 1.5 pf £.25 pf, 1000v 1501-178475 |80183 | 10TCCV15- 1 B
NPO
C4 Cap, mica, 33 pf £5%, 500v 1504-160317 |04062 | DM-15-330 3
{not illustrated)
CR1 D3-H4 Diode, silicon, I amp, 100 piv 4802-116111 |05277 | IN4817 6
R2 C4-K1 Res, met flm, 10.845k matched set
R3 C3-K1 Res, met flm, 3.392k matched set
R4 C5-K2 Res, comp, 4708 £5%, 1/4w 4704-147983 |01121 | CB4715 6
RS C3-K1 Res, met flm, 1,0355k matched set
(not illustrated)
R6 C5-K2 Res, comp, 1108 £5%, 1/4w 4704-193474 |01121 | CB1115 1
R10 D4-H4 Res, comp, 2.2k 5%, 1/4w 4704-148049 |01121 | CB2225 1
52 D2-K3 Switch, MODE, fotary, 8 pos 5105-198333 |89536 | 5105-198333 | 1
b Resistors R2, R3 and R5 are factory matched. If replacement ig
required, an entire set, part number 4705-198168, must be ordered.

G H I
1 2 3] 4] 501]2]3]4]5]1)2]3]4]|5]1]2]

J

3]4]5(1]2]

X L M N P
314|5{1|2|3]4]|5])1]|2|3]4|5]1|2|3]4]5]1]2[3|4]5

B C D E F

A

112[3j4]5])1]2]3|4]s5]1]2|3]4]|501]2]314[5]1]2]3]4]5]1]2}3]4]|5

Figure 5-5. MODE SWITCH ASSEMBLY
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Diife lN:cEx DESCRIPTION STSSK MFR PANI;:RNO :)ct)‘Tr ;I;\cr ctclas;E
A3d INPUT AMPLIFIER AND POWER 1702-197798 |89536 (1702-197798 |REF
SUPPLY ASSEMBLY -Figure 5-6 (931A-401)
C101 | K3-33 Cap, plste, 2.2 uf +20%, 250v 1507-222232 [73445 C280AE/A2ZM2] 1
C102 |K1-81 Cap, mica, 22 pf 5%, 500v 1504-148551 |72136 (DM-15-220 2
C103 |J1-82 Cap, poly, 0.1 uf +20%, 250y 1507-161992 [73445 |C2B0AE/ 1
P100K
C104 |I5-R5 Cap, mica, 33 pf +5%, 500v 1504-160317 [72136 [DM-15-330 |REF
€105 |I3-R5 Cap, Ta, 10 uf +20%, 15v 1508-160259 56289  [150D106X9920/ 4 | 1
C106 |14-R4 Cap, mica, 39 pf +5%, 500v 1504-148544 [72136 |DM-15-390 3
{sheet 2 of 2)
C107 |I2-R4 Cap, mica, 22 pf +5%, 500v 15(4-148551 [72136 |DM-15-220 REF
C108 |H2-S3 Cap, var, .5-3 pf, 1,000v 1509-195982 (73899 [ST851 1
C109 |H4-S1 Cap, mica, 39 pf +5%, 500v 1504-148544 [72136 |DM-15-390 REF
Cl110 |H5-T2 Cap, Ta, 10 uf +20%, 15v 1508-160259 |56289 150D106X9(])3220 REF
Cil1 |J2-81 Cap, mica, 27 pf £5%, 500v 1504-177998 |72136 |DM-15-270 1
{sheet 2 of 2)
C112 |G4-R5 Cap, Ta, 10 uf £20%, 15v 1508-160259 (56289 150D106X9%2‘20 REF
c113 |G5-R3 Cap, mica, 15 pf 5%, 500v 1504-148569 (72136 |[DM-15-150 | 1
C114 |I5-P4 Cap, cer, 22 pf +5%, 50v 1501-217901 |00656 |C1-2 1
C115 |I2-P3 Cap, var, .B-10 pf, 250v 1509-193912 [91293 |IMC2850 2
C116 |13-Q2 Cap, cer, 2,200 pf +5%, 50v 1501-217927 [00656 |MC605A22 | 1
{sheet 2 of 2)
c117 |c4-T4 Cap, var, 4.5-25 pf, 500v 1509-167007 [72982  |503-001 1
(sheet 2 of 2)
C118 |C4-S3 Cap, factory selected (sheet 2 of 2) [T
C119 |J4-P2 Cap, .B8-10pf, 250v 1509-193912 (91293 |JMC2950 REF
C120 Cap, cer, 220 pf £5%, 50v 1501-217919 (00656 [MC505A221J | 1
(not illustrated)
C121 {C1-T4 Cap, var, 1.5-7 pf, 500v 1509-105973 [72982 [503NPO01.5- | 1
{sheet 2 of 2) TMMF
Cl22 |B4-81 Cap, elect, 400 uf +60/-10%, 25v 1502-16B153 73445 |C437ARF400 7T (1
C123 |C4-T1 Cap, elect, 400 uf +50/-10%, 25v 1502-168153 |73445 |[C43TARF400 |REF
C124 |B4-Q3 Cap, elect, 400 uf +50/-10%, 25v 1502-168153 (73445 |C437TARF400 |REF
Rev. 3.75 5-15
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Figure 5-6. INPUT AMPLIFIER AND POWER SUPPLY ASSEMBLY (Sheet 1 of 2)
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Figure 5-6. INPUT AMPLIFIER AND POWER SUPPLY ASSEMBLY (Sheet 2 of 2)
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el o T | e, Toolaecl e
C125 | C4-Q5 Cap, elect, 400 uf +50/-10%, 25v 1502-168153{ 73445 | C437TARF400 | REH
Cl126 | E5-Q3 Cap, elect, 400 uf +50/-10%, 25v 1502-168153| 73445 | C437TARF400 | REF
C127 | D5-Q2 Cap, elect, 400 uf +60/-10%, 25v 1502-168153( 73445 | C437TARF400 | REF
C128 | E2-R5 Cap, cer, 0.01 uf £20%, 50v 1501-149153]| 56289 | 19C214A6 2
C129 | E3-R2 Cap, Ta, 10 uf £20%, 15v 1508-160259| 56289 150D106x90§20 REF
€130 | F2-s4 Cap, elect, 400 uf +50/-10%, 25v 1502-168153| 73445 | C437ARF400 | REH
C131 | F3-P3 Cap, cer, 0.01 uf £20%, 50v 1501-148153| 56289 | 19C214A6 REF
C132 | I5-Nb Cap, cer, 3 pf %0. 1%, 50v 1501-209577| 84411 | Type 663UW 1

{sheet 2 of 2)
C133 | 4-P3 Cap, mica, 39 pf +5%, 500v 1504-148544{ 72136 | DM-15-390 |REF
(sheet 2 of 2)
C134 | C5-54 Cap, factory selected (sheet 2 of 2) D
{not illustrated)
C138 | F5-85 Cap, mica, 10 pf £10%, 500v 1504-175216{ 72136 | DM-15-100 2
€139 | C1-52 Cap, factory selected (sheet 2 of 2) l>

CR101 | J5-R5 Diode, silicon, 100 ma, 1.5v 4802-161810]| 03877 | SG5658 1 1

CR102 | 15-S4 Diode, silicon, 150 ma, 6 piv 4802-113308| 03877 | SG22 1 1
CR103 | G3-T1 Diode, zener, 9. 4v 4803-180406] 07910 | 1NT758 1 1
CR104 | C2-R4 Dicde, silicon, 1 amp, 100 piv 4802-116111| 05277 | 1N4817 REF| 2
CR105 | C2-Q4 Diode, silicon, 1 amp, 100 piv 4802-116111) 05277 | 1N4817 REF
CR106 | E5-54 Diode, zener, matched set =
Q101 | J5-83 Tstr, FET, N-channel 4805-192864| 17856 |FN-323 1 1
Q102 | I3-83 Tstr, silicon, PNP 4805-195974| 04713 |[2N3906 3|1
Q103 | H5-54 Tstr, silicon, NPN 4805-218081| 04713 | MPS6520 6| 2
Q104 | G5-85 Tstr, silicon, NPN 4805-218081| 04713 | MPS6520 REF
Q105 | G1-T4 Tstr, silicon, NPN 4805-218081| 04713 | MPS6520 REF
Q106 | D2-55 Tstr, germanium, NPN 4805-117127| 95303 |2N1304 111
Q107 | F4-P3 Tstr, silicon, PNP 4805-169375| 04713 |MPS3638 2 1
Q108 | D2-Q2 Tstr, silicon, NPN 4805-203489|07910 |(CDQ10656 3 1
Q109 | D4-T3 Tstr, silicon, PNP 4805-190389| 04713 |SM4144 1 1
Q110 | F3-Q3 Tstr, silicon, PNP 4805-195974| 04713 2N3906 iREF
Q111 | D5-54 Tstr, silicon, NPN 4805-168708|03508 |[2N3391 16 | 4
Q112 | D3-53 Tstr, silicon, NPN 4805-168708]03508 |2N3391 REF
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pésic| NG “No. | MR | parrno |arviar|cope

Q113 |F2-Q5 Tstr, silicon, PNP 4805-169375 (04713  [MPS3638 REF

811;’ D5-RS Tstr, silicon, NPN, attached pair 4805-168708 (03508 |2N3391 REF

R101 |[J5-85 Res, comp, 1k +5%, 1/4w 4704-148023 (01121 [CB1025 2

R102 | J2-R5 Res, comp, 1502 5%, 1/4w 4704-147934 |01121 |{CB1515 1

R103 }J2-53 Res, comp, 470 +5%, 1/4w 4704-147892 (01121 |{CB4705 1

R104 |I3-T2 Res, comp, 120k +5%, 1/4w 4704-193458 01121 [CB1245 2

R105 |J4-T3 Res, var, ww, 10k +20%, 1-1/4w 4702-112862 |71450 |Type 110 2

R106 |J3-85 Res, comp, 47k 5%, 1/4w 4704-148163 01121 |CB4735 3

R107 |I12-82 Res, comp, 1009 x5%, 1/4w 4'704-147926 |01121 [(CB1015 3

R108 |H1-S3 Res, comp, 2.TM +5%, 1/4w 4704-193490 (01121 |CB2755 1

R109 |14-Q5 Res, comp, 339 5%, 1/4w 4704-175034 (01121  |CB3305 3
(sheet 2 of 2)

R110 |I2-85 Res, comp. 2.7k +5%, 1/4w 4704-170720 01121 |CB2725 2

R111 |12-T3 Res, comp, 5.6k 5%, 1/4w 4704-148080 01121 |CB5625 2

R112 |H4-T2 Res, comp, 10k £5%, 1/4w 4704-148106 01121 |CB1035 REF

R113 {J2-R4 Res, comp, 100k 5%, 1/4w 4704-148189 01121 [CB1045 REF
(sheet 2 of 2)

R114 |H3-T3 Res, comp, 8.2k +5%, 1/4w 4704-160796 01121 |CB8225' 6

R115 |H1-T2 Res, comp, 1008 £5%, 1/4w 4704-147926 01121 [CB1015 REF

R116 |G2-S5 Res, comp, 108 £5%, 1/4w 4704-147868 [01121 [CB1005 3

R117 |G1-T1 Res, comp, 2.7k £5%, 1/4w 4704-170720 01121 |CB2725 REF

R118 Res, ww, lk (not illustrated) (>

R119 Res, ww, 2.5k (not illustrated) (>

R120 |F5-R3 Res, met flm, 26. 1k 1%, 1/2w 4705-208371 [75042 |Type CEC-TO| 1

R121 |G3-Q2 Res, var, ww, 10k £20%, 1-1/4w 4702-112862 |71450 |Type 110 REF|

R122 Res, ww, 7508 (not illustrated) >

R123 Res, ww, 280.4Q (not illustrated) P

R124 |13-P5 Res, met flm, 100k matched set [T

R125 |B4-85 Res, var, comp, ik £30%, 1/2w 4701-193060 (73138 |62P-RIK 1
(sheet 2 of 2)

R126 |14-Q4 Res, met flm, 1.014k matched set >

R127 |14-R2 Res, met flm, 40.2k £1%, 1/2w 4705-161059 [75042 |Type CEC-TO| 1
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D:?I:G m:;x DESCRIPTION STSSK MFR PANI;:'RNO L?:' giwcr C%S;E
R128 [ C4-85 Res, var, comp, 100k £30%, 1/2w 4701-193045 [73138 |62P-R100K 1
{sheet 2 of 2)
R129 |J3-P5 Res, met fim, 1.004M matched set =
(sheet 2 of 2)
R130 |I4-Q3 Res, met flm, 10k matched set >
R131 |C2-85 Res, var, comp, 100Q £30%, 1/2w 4701-193052 |73138 |62P-R100 1
R132 {C1-T1 Res, comp, 339 £5%, 1/4w 4704-175034 |01121 |CB3305 REF
R133 |C2-Q1 Res, comp, 338 £5%, 1/4w 4704-175034 |01121 |CB3305 REF
R134 {D1-T2 Res, comp, 27k +5%, 1/4w 4704-148148 01121 [CB2735 4
R135 |C2-53 Res, comp, 33k 5%, 1/4w 4704-148155 |01121 |CB3335 3
R136 |D2-T3 Res, comp, 2209 +5%, 1/4w 4704-147959 (01121 |CB2215 2
R137 |F3-P5 Res, comp, 18k 5%, 1/4w 4704-148122 (01121 |CB1835 2
R138 |F3-R2 Res, comp, 180k +5%, 1/4w 4704-193441 [01121 |CB1845 3
R139 |D1-S1 Res, comp, 3k £5%, 1/4w 4704-193508 (01121 [CB3025 1
R140 |D2-R2 Res, met flm, 75k 1%, 1/4w 4705-193961 (75042 |Type CEC-TO| 1
R141 |D1-P5 Res, met flm, 68. 1k +1%, 1/2w 4705-161083 75042 [TypeCEC-TO| 1
R142 |E2-T2 Res, ww, 20k, 1w 4707-131680 |89536  [4707-131680 | 1
R143 |E3-T2 Res, var, ww, 2k £+10%, lw 4702-190355 02660 |Type 2610 1
R144 |E4-S4 Res, ww, 15.6k 4707-195826 |89536  [4707-195826 | 1
R145 |D4-82 Res, comp, 56k +5%, 1/4w 4704-170738 01121 [CB5635 2
R146 |E3-82 Res, comp, 8200 5%, 1/4w 4704-148015 (01121 |CB8215 1
R147 |D3-R2 Res, comp, 30k 5%, 1/4w 4704-193417 (01121 |CB3035 1
R148 |D1-53 Res, comp, 56k +5%, 1/4w 4704-170738 01121 |CB5635 REF
R149 |E4-S3 Res, comp, 10k £5% 1/4w 4704-148106 [01121 {CB1035 REF
R150 |E4-T4 Res, ww, matched set >
R151 |F2-R3 Res, comp, 3309 £5%, 1/4w 4704-147967 01121 |CB3315 2
R152 |H4-R5 Res, comp, 1009 5%, 1/4w 4704-147926 01121 |[CB1015 REF
R153 |G4-T2 Res, comp, 220 £5%, 1/4w 4704-147884 [01121 [CB2205 1
R154 |E3-P2 Res, comp, 100 +5%, 1/4w 4704-147868 [01121 |CB1005 REF
5101 |J5-T2 Switch, RANGE, rotary, 5 pos, 5105-198341 |89536 [5105-198341 | 1
5-20 Rev. 3-75
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Resistors R1, R124, R126, R129 and R130 are factory matched. If
replacement is required, an entire set, part number 4705-192848,
must be ordered.

These reslstors are factory matched, If replacement is required,
please give model, serial number, reference designation, and all
markings from the resistor you are replacing.

These components are factory selected. K replacement is required,
replace with exact value, These parts may or may not be installed.

vV vV V¥

CR106, R150 and R237 are factory matched. If replacement is required,
an entire set, part number 4807-1978%7, must be ordered.
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EsiG| NO DESCRIPTION "No | MR | earrwo |an|ary|cone
Ad VARIABLE GAIN AC AMPLIFIER 1702-197806|89536 |1702-197806 |REF]
ASSEMBLY - Figure 5-7 (931A-402)

C201 |H5-Q5 Cap, elect, 80 uf +50/-10%, 16v 1502-192914 |73445 |C426ARE80 | 6 | 1

Cc202 | I3-Q56 Cap, elect, BO uf +50/-10%, 16v 1502-192914|73445 (C426ARES0 |REF

c203 | F3-s2 Cap, cer, .05 uf +80/-20%, 500v 1501-105676 56289 |{33C58B 2

C204 | G3-R4 Cap, mica, 100 pf +5%, 500v 1504-148494 |72136 |DM-15-101 2

C205 | F5-R1 Cap, Ta, 5.6 uf +10%, 35v 1508-19825905397 |KSR6C35K 1 A
C205 | F5-RI Cap, Ta, 10 uf £20%, 6v 1508-106906 (56289 150D106X- 1 B
C206 | G4-82 Cap, mica, 10pf £10%, 500v 1504-175216 |72136 OD(;/(I)-ﬁlfg?l 00 REF

C207 |G3-54 Cap, var, 1-8 pf, 500v 1509-267906 |72982 |532-000 1

C208 | F4-R3 Cap, elect, 1,250 uf +50/-10%, 4v 1502-166330 73445 (C437ARB1250 | 1 | 1

C209 | F1-54 Cap, elect, 80 uf +50/-10%, l6v 1502-192914 (73445 |C426ARES80 |REF]

C210 | E2-R5 Cap, cer, .05 uf +80/-20%, 500v 1501-105676 |56289 |33C58B REF]

C211 |D3-55 Cap, elect, BO uf +50/-10%, 16v 15602-192914 |73445 |C426ARE80 |REF

C212 |D2-52 Cap, elect, 80 uf +50/-10%, 16v 1502-192914 |73445 |(C426AREB0 |REF

C213 |B2-R4 Cap, Ta, 68 uf +10%, 15v 1508-182824 |05397 |K68C15K 2 |1

C214 |BS5-R5 Cap, Ta, 68 uf +10%, 15v 1508-182824 {05397 |K68C15K REF

€215 |D4-R2 Cap, Ta, 330 uf £10%, 6v 1508-19301105397 |K330J6K 2 |1 A
C215 | D4-R2 Cap, elect, 400 uf £50%, 4v 1502-187773 (73445 |C426ARB400 2 B
C216 |D4-Q5 Cap, Ta, 330 uf £10%, 6v 1508-193011|056397 |K330J6K REF A
C216 | D4-Q35 Cap, elect, 400 uf £50%, 4v 1502-187773 |73445 |C426ARB400 |REF B
C217 |E4-Q3 Cap, factory selected [

C218 |B5-P3 Cap, factory selected ID-

C219 |B4-Q2 Cap, factory selected [T

C220 [H3-R1 Cap, mica, 33 pf £5%, 500v 1504-160317 72136 |DM-15-330 |REF

CR201 | K4-Q1 Diode, silicon, 1 amp, 100 piv 4802-116111 |05277 [1N4817 REF

CR202 | K3-Q1 Diode, silicon, 1 amp, 100 piv 4802-116111 (05277 |1N4817 REF

K201 |B1-Q3 Relay, 115 vac, dpdt 4504-218073 |24446 |3SBF-5-43- 1|1

4-M-1

Q201 |H2-R3 Tstr, silicon, NPN 4805-218081 |04713 |MPS6520 REF

Q202 |H2-S3 Tstr, silicon, NPN 4805-218081 04713 |MPS6520 REF

Q203 |F5-81 Tstr, silicon, NPN 4805-218081 |04713 |MPS6520 REF

Q204 |E4-53 Tstr, silicon, NPN 4805-158855 |07910 |CS23030 2 |1

Q205 |C3-54 Tstr, silicon, NPN 4805-168708 03508 [2N3391 REF

Q206 |C1l-82 Tstr, silicon, NPN 4805-159855 07910 |CS23030 REF
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Figure 5-7. VARIABLE GAIN AC AMPLIFIER ASSEMBLY
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Dt e N “No. | MR | cakrno [arv|arycope
Q207 [C3-R3 Tstr, silicon, PNP 4805-195974 {04713 [2N3906 REF]
R201 |H2-T2 Res, comp, 8.2k +5%, 1/4w 4704-160796|01121 |CB8225 REF
R202 | H3-82 Res, met flm, 12,1k +1%, 1/8w 4705-234997|75042 |Type CEA-TO| 1
R203 | H5-R4 Res, met flm, 14.7k 1%, 1/8w 4705-226225 |75042 |Type CEA-TO| 1
R204 |H5-T3 Res, var, ww, 5k £5%, 1-1/4w 4702-163709 |71450 [Type 110 2
R205 |H1-R5 Res, comp, 2008 5%, 1/4w 4704-193482 01121 |CB2015 2
R206 | G4-Q5 Res, comp, 20082 £5%, 1/4w 4704-193482 |01121 |CB2015 REF
R207 | G3-R2 Res, comp, 5.1k £5%, 1/4w 4704-193342 /01121  |CB5125 REF
R208 |G1-T2 Res, comp, 8.2k +5%, 1/4w 4704-160796 /01121 |CBB8225 REF
R209 | G4-85 Res, comp, 4708 5%, 1/4w 4704-147983 |01121 |CB4715 REF
R210 |G5-T2 Res, comp, 15k +5%, 1/4w 4704-148114}01121 |[CB1535 5
R211 |F2-R5 Res, comp, 33k +5%, 1/4w 4704-148155 {01121 |CB3335 REF
R212 |F3-T2 Res, comp, 8.2k 5%, 1/4w 4704-160796 (01121 |CB8225 REF]
R213 | F5-85 Res, comp, 3.3k £5%, 1/4w 4704-148056 {01121 |CB3325 2
R214 |E1-R4 Res, comp, 1.5k £5%, 1/4w 4704-148031 01121 |CB1525 3
R215 |F1-S1 Res, comp, 43k £5%, 1/4w 4704-193367 |01121 |CB4335 1
R216 |E1-T2 Res, comp, 1.5k £5%, 1/4w 4704-148031 |01121 [CB1525 REF
R217 |E4-T1 Res, comp, 8.2k x5%, 1/4w 4704-160796 01121 (CBB225 REF
R218 |B4-S4 Res, met flm, 2k +1%, 1/2w 4705-151266 75042 |Type CEC-TO| 1
R219 |C2-T1 Res, met flm, 1.58k £1%, 1/2w 4705-182543 75042 |Type CEC-TO| 1
R220 |C1-T3 Res, comp, 18k +5%, 1/4w 4704-148122 |01121 [CB1835 REF
R221 |C4-T2 Res, comp, 15k £5%, 1/4w 4704-148114 |01121 [CB1535 REF
R222 |D2-T3 Res, var, ww, 5k 5%, 1-1/4w 4702-163709 71450 |Type 110 REF
R223 |B2-52 Res, comp, 4.3k %5%, 1/4w 4704-193375 |01121 [CB4325 3
R224 |D1-51 Res, comp, 39Q +5%, 1/4w 4704-193391 01121 |CB3905 REF
R225 |D1-R4 Res, comp, 392 +5%, 1/4w 4704-193391 01121 |CB3805 REF
R226 |B3-S1 Res, comp, 4.3k £5%, 1/4w 4704-193375 01121 {CB4325 REF
R227 |D4-R4 Res, comp, 4709 5%, 1/4w 4704-147983 01121 {CB4715 REF
R228 |F3-Q3 Res, comp, 1k +5%, 1/4w 4704-148023 01121 [CB1025 REF
R229 |G5-Q2 Res, var, ww, 1k £20%, 1-1/4w 4702-113266 (71450 |Type 110 1
R230 |E3-Q2 Res, met flm, 4.02k £1%, 1/2w 4705-167478 75042 [Type CEC-TO| 1
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R231 | C4-R1 Res, ww, 55.2Q matched set [T
R232 | K4-R3 Res, ww, 3.2k 1% 4707-195842]|89536 |4707-195842 1
R233 | B5-Q1 Res, factory selected [T
R234 | B4-P4 Res, factory selected [T
R235 [ F3-P2 Res, ww, 63.7k 4707-195818| 89536 |[4707-195818 1]1
R236 | K2-R5 Res, var, ww, 10k £10%, 1w 4702-190348|02660 |Type 2610 1
R237 | ¥2-P5 Res, selected, matched zener (>
reference set
R238 | J2-R4 Res, met flm, 158 x1%, 1/2w 4705-151050|75042 |[Type CEC-TO| 1
R239 | J3-R4 Res, met flm, 30. 12 %1%, 1/2w 4705-198291|75042 |[Type CECTO| 1
R240 | J4-R5 Res, met flm, 60.4% +1%, 1/2w 4705-196691|75042 |Type CEC 1
R241 ] J3-Q3 Res, comp, 82k +5%, 1/2w 4704-195966|01121 |EB8235 1
R242 |I4-54 Res, var, ww, 10k +10%, 1-1/4w 4702-162115|71450 |Type 110 1
R243 | J3-Q4 Res, met flm, 3.01k £1%, 1/2w 4705-196709|75042 |Type CEC 1
R244 | J2-T1 Res, var, ww, 1k £10%, 1w 4702-190363| 02660 |Type 2610 1
R245 | J2-P3 Res, met flm, 19. 6k 1%, 1/2w 4705-159640)75042 |Type CEC-TO| 2
R246 | E1-Q3 Res, factory selected I'D-
R247 | H3-Q3 Res, comp, 10Q £5%, 1/4w 4704-147868|01121 |CB1005 REF
R248 | Hi-R2 Res, var, comp, 10k £30%, 1/2w 4713-203844|73138 |Type 62PA 1
TC201| C5-P2 Thermocouple, vacuum, 5302-199679|11403 |CS1707A 1|1
TC202| D5-P2 (matched pair)
[E=> These resistors are factory matched. If replacement is required,
please give model, serial number, reference designation, and all
markings from the resistor you are replacing.
|> These components are factory selected. If replacement is required,
replace with exact value. These parts may or may not be installed.
|> CR106, R150 and R237 are factory matched. If replacement is required,
an entire set, part number 4807-197897, must be ordered.
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oEsic| NO. DESCRIPTION No. | ™% | earrno |anv|arv|cone
Ab NULL DETECTOR ASSEMBLY 1702-197814 |89536 [1702-197814 |REF]
Figure 5-8 (931A-403)

C301 |J4-V1 Cap, poly, 0.1 uf £10%, 50v 1507-150318|84411 |194P1049R5 1

C3o0z | G4-T4 Cap, Ta, 39 uf £20%, 6v 1508-163915|06751 |TSD2-6-396 1

C303 | F3-U4 Cap, Ta, 15 uf £20%, 6v 1508-161935[067561 |TSD1-6-156 2 11

C304 | B5-54 Cap, poly, 0,047 uf £10%, 50v 1507-15030084411 |194P4739R5 2

C305 |C3-R2 Cap, poly, 0.047 uf £20%, 250v 1507-1620081{73445 [C280AE/P47K| 5

C306 | C3-53 Cap, poly, 0.047 uf £10%, 50v 1507-150300{84411 [194P4739R5 |REF

C307 | E2-R5 Cap, cer, 180 pi +10%, 500v 1501-105890|71590 |BBG60iBiKS3IN| 1

C308 | K3-US Cap, poly, 0,047 uf +20%, 250v 1507-162008(73445 |C280AE/P47K|REF

C309 | K2-U1 Cap, Ta, 15 uf x20%, 6v 1508-161935|06751 |TSD1-6-156 |REF

C310 |H5-T1 Cap, poly, 0.047 uf %20%, 250v 1507-162008 |73445 |C280AE/P47K|REF

€311 |E1-R1 Cap, poly, 0.047 uf 220%, 250v 1507-162008 (73445 |[C280AE/P47K|REF

C312 |B5-P5 Cap, Ta, 6.8 uf £10%, 35v 1508-182782|05397 |K6RBC35K 1

C313 |C1-Q3 Cap, elect, 80 uf +50/-10%, 1i6v 1502-192914 | 73445 |C426ARES0 |[REF

C314 |C4-P4 Cap, poly, 0.047 uf 220%, 250v 1507-162008 73445 |C2B0AE/P47K|REF

€315 |I1-P5 Cap, poly, 0.47 uf +20%, 250v 1507-184366 73445 |C2BOAE/ 2

P470K
C316 |I3-54 Cap, Ta, 1 uf +20%, 35v 1508-161919 06751 [|TSD1-35-105 | 1
€317 |G2-51 Cap, Ta, 150 uf +20/-15%, 15v 1508-160945|56289 |109D157C201-| 2
5TO

C318 |F4-R2 Cap, Ta, 150 uf +20/-15%, 15v 1508-160945 |56289 ég‘%)157c201- REF

C319 |G5H-N3 Cap, poly, 0.47 uf £20%, 250v 1507-184366 73445 |C280AEP470K.REF

C320 |F1-N2 Cap, Ta, 33 uf +10%, 10v 1508-182832 |05397 |K33C10K 2 |1

C321 |E1-N3 Cap, Ta, 33 uf £10%, 10v 1508-182832 (05397 |K33C10K REF

CR301 | D4-T4 Diode, silicon, 200 ma, 25 piv 4802-190272 (93332 |1N4356A 1 {1
CR302 | F4-U3 Diode, germanium, 80 ma, 35 piv 4802-163907 193332 |1N2T9 1 |1
CR303| E4-P2 Diode, silicon, 1 amp, 100 piv 4802-116111|05297 |1N4817 REF

CR304 | F3-Q2 Diode, zener 4808-325472 |15818 |1N823 2 D
CR305 [ H2-P1 Diode, zener 4808-325472 |15818 |1N823 REF D
L301 |E2-T1 Transformer, resonator #2 5602-197962 |B9536 [5602-197562 1

Q301 ]J3-U3 Tstr, silicon, NPN 4805-203489 |07910 |CDQ10656 REF

Q302 |I5-U3 Tstr, silicon, NPN 4805-203489 (07910 |CDQ10656 REF

Q303 |G1-Ul Tstr, silicon, NPN 4805-168708 03508 |2N3391 REF
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oesic| No. DESCRIPTION X6 | MR | parrno |amy|amcooe
Q304 | F2-T2 Tstr, silicon, NPN 4805-168708( 03508 | 2N3391 REF
Q305 | C5-T1 Tstr, silicon, NPN 4805-168708 03508 | 2N3391 REF
Q306 | D3-51 Tstr, silicon, PNP 4805-203364| 07263 | 2N3638 7 2
Q307 | D3-R2 Tstr, silicon, NPN 4805-168708] 03508 | 2N3391 REF
Q308 | K4-U3 Tstr, silicon, PNP 4805-203364| 07263 | 2N3638 REF
Q309 | E4-R3 Tstr, silicon, PNP 4805-203364] 07263 | 2N3638 REF
Q310 | C4-Q3 Tstr, sllicon, NPN 4805-168708] 03508 | 2N3391 REF
Q311 | C4-Q1 Tstr, silicon, NPN 4B05-168708] 03308 | 2N3391 REF
Q312 | D1-P4 Tstr, silicon, NPN 4805-168708| 03508 | 2N3391 REF
Q313 § D3-P1 Tstr, silicon, PNP 4805-203364| 07263 | 2N3638 REF
Q314 | Ei1-P1 Tstr, silicon, NPN 4805-168708] 03508 | 2N3391 REF
Q315 | E4-P5 Tstr, silicon, PNP 4805-203364] 07263 | 2N3638 REF
Q316 | F2-P3 Tstr, silicon, NPN 4805-168708] 03508 | 2N3391 REF
831; I1-R2 Tstr, silicon, NPN, attached pair 4805-168708) 03508 | 2N3391 REF
Q319 | F3-Q2 Tstr, silicon, PNP, selected 4805-193904| 89536 | 4805-193904 | 2 1 C
Q320 | H2-P1 Tstr, silicon, PNP, selected 4805-193904| 89536 |4805-193904 [REF C
Q321 | H4-52 Tstr, silicon, PNP 4805-203364| 07263 | 2N3638 REF
Q322 | 15-83 Tstr, silicon, PNP 4B05-203364| 07263 | 2N3638 REF
R301 | H2-T2 Res, comp, 330k £5%, 1/4w 4704-192948| 01121 | CB3345 1
R302 | G4-T4 Res, comp, 390 5%, 1/4w 4704-193391]| 01121 | CB3905 REF
R303 | G1-U2 Res, met flm, 22,12 £1%, 1/2w 4705-151472| 75042 [Type CEC-TO| 1
R304 | F2-33 Res, comp, 1B0k 5%, 1/4w 4704-193441| 01121 | CB1845 REF
R305 | G3-T1 Res, met flm, 825k 1%, 1/2w 4705-151308] 75042 [Type CEC-TO] 1
R306 | F4-T3 Res, met flm, 90, 9k +1%, 1/2w 4'705-162974| 75042 [Type CEC-TO| 1
R307 | D4-U3 Res, comp, 47k £5%, 1/4w 4704-148163| 01121 | CB4735 REF
R308 | D3-S5 Res, comp, 1M 5%, 1/4w 4704-182204{ 01121 | CB1055 1
R309 | D2-T2 Res, comp, 180k +5%, 1/4w 4704-193441 01121 |CB1845 REF
R310 | D1-54 Res, comp, 6.8k £5%, 1/4w 4704-148098| 01121 | CB6825 3
R311 | C5-82 Res, comp, 158 x5%, 1/4w 4704-147876{ 01121 | CB1505 2
R312 | D2-R5 Res, comp, 4.3k £5%, 1/4w 4704-193375| 01121 | CB4325 REF
R313 | J5-U3 Res, comp, 2200 5%, 1/4w 4704-147959| 01121 |CB2215 REF
R314 | K1-U3 Res, comp, 5.6k 5%, 1/4w 4704-148080| 01121 |CB5625 REF
R315 | K4-T4 Res, comp, 15k £5%, 1/4w 4704-148114/ 01121 | CB1535 REF
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oEsia| NG DESCRIPTION "No. | ™R | parrwo |an|ary|cooe
R316 | H4-T4 Res, comp, 120k 5%, 1/4w 4704-193458] 01121 |} CB1245 REF
R317 | K3-T5 Res, comp, 1.2k £5%, 1/4w 4704-190371] 01121 | CE1225 REF]
R318 | K5-T5 Res, comp, 15k £5%, 1/4w 4704-148114| 01121 | CB1535 REF
R319 | D4-R5 Res, comp, 3% £5%, 1/4w 4704-188466] 01121 | CB3935 1
R320 | D4-R3 Res, comp, 6.8k £5%, 1/4w 4704-148098| 01121 | CB6825 RET
R321 | D5-R2 Res, comp, 6.8k 5%, 1/4w 4704-148098| 01121 | CB6825 REF]
R322 | C5-R2 Res, comp, 1.2k +5%, 1/4w 4704-190371| 01121 | CB1225 REF
R323 | F1-R5 Res, comp, 15k +5%, 1/4w 4704-14B114| 01121 | CB1535 RETF
R324 | D5-Q5 Res, comp, 12k +5%, 1/4w 4704-159731)| 01121 | CB1235 REF]
R325 | C3-Q5 Res, comp, 15Q +5%, 1/4w 4704-147876( 01121 |CB1505 REF
R326 | D3-Q3 Res, comp, 4700 £5%, 1/4w 4704-147983( 01121 | CB4715 REF]
R327 | D1-Q1 Res, comp, 47k 5%, 1/4w 4704-148163) 01121 | CB41735 REF]
R328 | D3-Q2 Res, comyp, 4700 +5%, 1/4w 4704-147983| 01121 | CB4715 RET]
R329 | E1-Q2 Res, comp, 27k 5%, 1/4w 4704-14814B+ 01121 |CB2735 REF
R330 | D4-P4 Res, comp, 2.2k +5%, 1/4w 4704-148049| 01121 |CB2225 1
R331 | D1-P3 Res, comp, 3.3k +£5%, 1/4w 4704-148056( 01121 |CB3325 REF
R332 | D2-N3 Res, comp, 68k +5%, 1/4w 4704-148171( 01121 |CB6B35 1
R334 | E3-N5 Res, comp, 22k 5%, 1/4w 4704-148130( 01121 |CB2235 1
R335 | D5-P4 Res, comp, 330Q 25%, 1/4w 4704-147967| 01121 |CB3315 REF
R336 | E1-P4 Res, comp, 1.5k £5%, 1/4w 4704-148031| 01121 | CB1525 REF
R337 | F1-P3 Res, comp, 27k 5%, 1/4w 4704-148148( 01121 |CB2735 REF
R338 | F1-Q3 Res, comp, 33k +5%, 1/4w 4704-148155| 01121 |CB3335 REF
R339 | E5-P4 Res, comp, 82k £5%, 1/4w 4704-188458| 01121 |CBB235 1
R340 | H4-Q3 Res, comp, 150k +5%, 1/4w 4704-182212( 01121 |CB1545 1
R341 | I1-R4 Res, comp, B.2k 5%, 1/4w 4704-160796( 01121 |CB8225 REF
R342 | H2-R2 Res, var, ww, 1.5k £10%, 1-1/4w 4702-156398( 71450 |Type 110 i
R343 | I14-P5 Res, comp, 91k +5%, 1/4w 4704-193300| 01121 |CB9135 1
R344 | I1-R5 Res, met flm, 69. 8k x1%, 1/2w 4705-162057{ 75042 |Type CEC-TO| 1
R345 | I14-85 Res, comp, 27k 5%, 1/4w 4704-148148| 01121 |CB2735 REF
R346 | J1-R2 Res, met flm, 2.49k £1%, 1/2w 4705-19399575042 |Type CEC-TO| 1
R347 [ J4-R4 Res, var, ww, 1k £20%, 1-1/4 4702-111575|71450 |Type 110 1
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R348 | G5-53 Res, comp, 5.1k 5%, 1/4w 4704-193342 |01121 |CB5125 1

R349 | G3-852 Res, comp, 390k +5%, 1/4w 4704-193383 |01121 |[CB3945 1

R350 |G2-N5 Res, met flm, 8.25k 1%, 1/2w 4705-1924982 [75042 |Type CEC-TO| 1

R351 |G1-P1 Res, met flm, 2B, 7k +1%, 1/2w 4705-193987 {75042 |Type CEC-TO | 1

R352 | F5-P2 Res, met flm, 100k 1%, 1/2w 4705-151316 |[75042 |Type CEC-TO| 1

R353 | F4-P2 Res, met flm, 422k x1%, 1/2w 4705-198283 |75042 |Type CEC-TO| 1

R354 | H1-P3 Res, met flm, 909k +1%, 1/2w 4705-159483 |75042 |Type CEC-TOQ| 1

R355 | F5-Q5 Res, met flm, 6490 +1%, 1/2w 4705-150730 (75042 |Type CEC-TO| 1

R356 |G4-Q1 Res, var, ww, 2009 +20%, 1-1/4w 4702-144766 71450 |Type 110 1

R357 |I5-T1 Res, comp, 4700 5%, 1/4w 4704-147983 [01121 |CB4715 REF

R358 |I5-P3 Res, comp, 7.5k 5%, 1/4w 4704-183326 (01121 |CB7525 1

R359 |J4-Q3 Res, met flm, 19. 6k £1%, 1/2w 4705-159640 75042 [Type CEC-TO|REF

R360 |J5-P4 Res, var, ww, 6k 5%, 1-1/4w 4702-113209{71450 |Type 110 1

R361 |J4-Q5 Res, met flm, 1.69% 1%, 1/2w 4705-194001 |75042 |Type CEC-TO| 2

R362 |L1-8S2 Res, var, ww, 6000 +5%, 1-1/4w 4702-192179 71450 |Type 110 1

R363 |K4-Q4 Res, met flm, 1.69% x1%, 1/2w 4705-194001 75042 |Type CEC-TO|REF

T301 |H5-U5 Transformer, oscillator 5602-197970 |89536 [5602-197970 1

T302 |E2-U4 Transformer, modulator 5602-197988 (89536 |5602-197988 1

T303 |C3-U4 Transformer, resonator #1 5602-197954 |89536 |5602-197954 1 A
T303 | C3-U4 Transformer, resonator #l1 5602-228148 189536 [5602-228148 1 B
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5-9, SERIAL NUMBER EFFECTIVITY

5-10. A Use Code column is provided to identify certain
parts that have been added, deleted, or modified during
production of the Model 931B. Each part for which a use
code has been assigned may be identified with a particular
instrument serial number by consulting the Use Code Effec-
tivity List below. All parts with no code are used on all in-
struments with serial numbers above 1044, New codes will
be added as required by instrument changes.

USE
CODE EFFECTIVITY

No
Code Model 9318, serial number 1044 and on.
A Model 931B, serial number 1044 thru 1341.
B Model 931B, serial number 1342 and on.
C Model 931B, serial number 123 to 1933.
D Model 93 1B, serial number 1934 and on.

10/18/71 5-31
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SECTION VI

ACCESSORY AND OPTION INFORMATION

6-1. INTRODUCTION

6-2, This section of the manual contains information
pertaining to the accessories and options available for
your instrument,

6-3. ACCESSORY INFORMATION

6-4., The accessory information, if applicable, will
contain details concerning accessories that may be used
with this particular instrument.

www.valuetronics.com

6-5. OPTION INFORMATION

6-6. Each of the options available for this instrunent,
if any, are described separately under headings contain-
ing the option number. The option descriptions contain
applicable operating and maintenance instructions and
field installation procedures. A complete list of re-
placeable parts for each option is contained at the end
of that option description.

6-1
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831B
OFTION-01

OPTION INFORMATION

RECHARGEABLE BATTERY PACK (OPTION-01) FOR THE
MODEL 931B RMS DIFFERENTIAL VOLTMETER

6-1. INTRODUCTION

6-2. The Model 931B can be equipped with a re-
chargeable battery pack upon installaticn of the 931B-
7001 Option Kit, Upon installation of this kit, the in-
strument is identified as a Model 931B-01 on its rear
panel decal.

6-3. OPERATING INSTRUCTIONS

6-4. To operate the Model 931B-01 on battery power,
proceed as follows:

a. Place the POWER switch to the BAT CHK position
and wait for ten seconds, observing that the meter
deflects within the BATTERY OK region.

Yote!

Battery manufacturers recommend that nickel-
cadmium batteres should not be stored for
extended periods of time without recharging at
least every 90 days. Storage temperatures be-
low 25°C are recommended.

b. If the batteries are adequately charged, place the
POWER switch to the BAT OPR position and pro-
ceed with the desired measurement using the pro-
cedures outlined in Section II of the Model 931B
manual,

WARNING!

Whenever the round pin on the line power
cord is not connected to earth ground, the
instrument’s chassis is at the common IN-
PUT terminal potential.

¢. If the batteries are not adequately charged, connect
the line power cord to available line power and
place the POWER switch to the BAT CHG LINE
OPR position. After approximately 16 hours the
batteries should be fully charged. Measurements
may also be performed with the instrumnent while
the batteries are being charged.

6-5. CIRCUIT DESCRIPTION

6-6. When the POWER switch S1E and I is placed to
the BAT OPR position, input power to the series regu-
lators is supplied from BT1 and BT2. Operation of the
regulators is the same as described in Section III of the
Model 931P manual to provide the operating voltages
for the instrument.

6-7. Charging of BT1 and BT2 is provided when the
POWER switch is placed to the BAT CHG LINE OPR
position. Switch S1C applies 28 volts ac from the sec-

www.Valuetronics.com

ondary of T1 through the voltage dropping resistors
R8 and R9 to the half-wave rectifiers CR201 and CR202.
The resulting dc voltage is then used to charge the
batteries BT1 and BT2. Fuses F2 and F3 protect the
instrument circuitry irom overloads.

6-8. An indication of relative battery charge is avail-
able on the meter M1, when the POWER switch is placed
to the BAT CHK position. Switch S1G and F place the
meter M1 between the +14.5 volt dc regulator output
and the output of BT1. An indication of the relative
battery charge under a load condition is then available
from the meter. Resistor R39 functions as a meter
multiplier.

6-9. MAINTENANCE INSTRUCTIONS

6-10. The batteries contained in the Model 931B-01
may require changing when 48 hours of charging will
no longer result in a satisfactory battery check. To
replace the batteries contained in the instrument, pro-

ceed as follows:
Hote!

Zero deflection of the meter during battery
check or abrupt failure of the instrument
during battery operation may be caused by
failure of the battery fuses.

a. Invert the instrument and remove the lower dust
cover.

b. Remove the five screws that secure the battery pack
cover and remove the cover.

c. Unsolder the connecting wires from the defective
nickle-cadmium cells and remove the cells.

Hote!

Nickle-cadmium cells when heated or dis-
charged rapidly may give off hydrogen
gas. Use care when soldering connections
on the cells and when disposing of the cells.

d. Install the replacement 1.2 volt nickle-cadmium
cells observing proper polarity of the connections.

e. Replace the plastic battery pack cover and secure
it with the five screws,

f. Replace the lower dust cover and check the bat-
teries using the procedure outlined in paragraph
6-3.

6-11. PARTS LIST

6-12. The following list of parts are peculiar only to
the 01 Option.

1



931B

OFTION-01
REF |INDEX STOCK MFR TOT|REC| USE
DESIG| NO DESCRIPTION NO MFR | parTNO |aTY|QTY|CODE
RMS DIFFERENTIAL VOLTMETER 931B-01
RECHARGEABLE BATTERY OPTION
(see Figure 5-1)
ADD the following cownponents:
Battery pack 3158-198135 (89536 [3158-198135 | 1
BTL, Battery, nickel-cadium, 1.2v 4002-160390 (06860 |1.25CL 26
XBT1, Holder, battery 3155198093 (89536  [3155-198093 | 2
XBT2
2, F3 Fuse, Type AGC, fast act, 1/2 amp, 5101-153858 (71400 [Type AGC 2 5
250v .
RS C5-N4 Res, power, 100§ £5%, 25w 4706-190736 (75042 ([Type 2D 2
R9 D3-N4 Res, power, 100Q +5%, 25w 4706-190736 |75042 |Type 2D REF
XF1 13-N3 Holder, fuse 2102-103283 |71400 4405 2
XF2 I1-N3 Holder, fuse 2102-103283 (71400 4405 REF
Al FRONT PANEL ASSEMBLY
(see Figure 5-2)
CHANGE the following couiponents to:
M1 E4-R3 Meter, 100-0-100 ua, 3250 2901-208967 89536 [2901-208967 1
J3-R1 Panel decal 3156-240226 89536 [156-240226 1
A2 SWITCH PANEL ASSEMBLY 3158-198119 89536 P158-198119 1
(see Figure 5-3) (931AB-402)
ADD the following component:
R39 H3-U1 Res, comp, 3%k +5%, 1/4w 4704-188466 p1121 CB3935 1
CHANGE the following component to:
51 Gb-T4 Switch, POWER, rotary, 2p, 2 pos, |5105-198358 B9536 5105-198358 1
1 sect
Rev. 3/75
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931B
OPTION-02

OPTION INFORMATION

PROBE INPUT (OPTION-02) FOR THE
MODEL 931B RMS DIFFERENTIAL VOLTMETER

6-1, INTRODUCTION

6-2. The Model 931B can be equipped with a probe
input upon installation of the 931B -7002 Option Kit,
Upon installation of this kit, the instrument is identified
as a Model 931B-02 on its rear panel decal.

6-3. OPERATING INSTRUCTIONS

6-4. Operation of the instrument with a probe input
involves attaching the short ground c¢lip on the probe to
a common circuit point and then sampling the circuit
voltage with the probe tip. Applicable operating in-
structions are contained in Section II of the Model 931B
manual.

6-5. CIRCUIT DESCRIPTION

6-6, Whenever the probe assembly is installed in the
instrument, the input attenuator network of Rl and C1

are located in the probe assembly. The range feedback
resistors are then matched to the probe assembly. In-
put capacity of the instrument is then reduced to less
than 7 pf at the probe tip.

6-7. MAINTENANCE INSTRUCTIONS

6-8, Troubleshocting and calibration of the instrument
with a probe input remains the same as the basic model
ingtrument. Applicable maintenance instructions are
contained in Section IV of the Model 931B manual,

6-9. PARTS LISY

6-10, The following list of parts are peculiar only to
the Probe Option Kit.

S ool escwnon [ s [ [ [l
RMS DIFFERENTIAL VOLTMETER 9318-02
PROBE INPUT OPTION
ADD the following components:
Probe Assembly l> 2906-238808 | B9536 |2906-238808 | 1
C1 Cap, matched pair, cer, 5.6 pf i
{inside probe)
R1 Resée{net flm, 1.004M, matched [T
Ground lead 6002-221408 | 89536 |6002-221408 | 1
Panel connector collar 3153-200493 89536 3153-200493 | 1
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Section 7

General Information

7-1. This section of the manual contains generalized
user information as well as supplemental information to
the List of Replaceable Parts contained in Section 5.



List of Abbrevlations and Symbols

A oramp ampere hf fugh frequency {+) or pos posilive
ac alternating current Hz hertz pol potentiometer
af audiwo frequency IC inlegrated circuil p-p peak-to-paak
a/d analcg-1o-digital it inlermediate Irequency ppm parts per million
nssy assembly in inch(es) PROM programmablie read-only
AWG american wire gauge intl internal memory
B bel 170 inpul/oulput pal pound-force per square inch
bed binary coded decimal k kilo {10} RAM random-access memaory
°C Celsius kHz kiloheriz 4] radio frequency
cap capacilor ki kilohm(s} rma rool mean square
cCcw counterclockw se kv kilovoli{s}) ROM read-only memory
cer ceramic " low Irequency 8 Or sec second (ime)
cermel ceramic 10 metal(seal) LED hght-emitling diode scope oscilloscope
ckt circuil LSB least significant bit SH shield
cm centimeler LSD least significant digil SI silicon
cmm common mode rejection ratio M mega (10%) semo serial number
comp composilion m milli (10=") ar shill register
cont continue mA milliampers(s) Ta tantalum
crl calhode-ray tube max maximum tb lerminal board
(= clockwise mf metal film e temparature coefficient or
d/n digial-lo-analog MHz megahertz lemparature compensating
dac digial-lo-analog converler min mnimum texo lemperature compensated
dB decibel mm rmillimeter cryslal oscillalor
de direci current ms millisecond ip lesl point
dmm digital multimeler MSB most sigruficant bit uory micro {10-*)
dvm digital voltmeter MSD most signiticant digit uht ultra high frequency
elecl electrolylic MTBF mean hime between failures us or us migrosecond(s) (10-9)
exl external MTTR mean tme 1o repair uul unit under lest
F farad mV millivolt{s) ¥ voll
°F Fahrenheit mv multivibrator v vollage
FET . Field-elfect iransislor MO megohm(s) var variable
H {flip-flop n nano (10-% ¥co voltage controlled oscillator
freq frequency na noti applicable vhi vary high frequency
FSN federal stock number NC normally closed vl very low frequency
g gram (<) or neg negalive w wall(s)
G aqiga (10%) NO normally open ww wire wound
gd guard ng nanosecond xfmr iranslormer
Ge germanium opnl ampl operalional amphfher asir lransistor
GHz gigaheriz P pico {10+ xlal cryslal
gmv guaranteed minimum value para paragraph xtlo cryslal oacillalor
agnd ground pch prinled circut board 9] ohm{s)
H henry pF picofarad u micre (10-%)
hd heavy duly pn part number
7-2
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Federal Supply Codes for Manufacturers

00213

Nylronics Comp. Group Inc.
Subsidiary of Nylronies Inc.
Formerly Sage Eleclronics
Rochester, New York

00327
Welwyn [nternalional, Inc.
Wesllake, Chio

00656
Aerovax Corp
New Bedford, Massachusells

00686
Film Capacitors, Inc.
Passaic, New Jersey

00779
AMP Inc.
Harrisburg. Pennsylvania

01121
Allen-Bradley Co.
Milwaukee, Wisconsin

01281

TRW Eleclromic Comp.
Semiconductor Operalions
Lawndaie, California

01295

Texas Instruments, Inc.
Semiconductor Group
Dallas, Texas

01537

Motorola Commumnications &
Electronics Inc.

Franklin Park, llhnois

01686
RCL Electromcs Inc
Manchester, New Hampshire

01730
Replaced by 73586

01884

Use 56289

Sprague Electric Co.
Dearborn Electronic Diw
Lockwood, Flonda

02114
Ferraxcube Corp.
Saugerties, New York

02131

General Insirument Corp.
Harns ASW Dy
Wesiwood, Mamne

02385
Rason Mfg. Co.
Brooklyn. New York

02533

Snelgrove, C.R. Co., Lid.
Don Mills, Ontario, Canada
M3B 1M2

02606

Fenwal Labs

Div. of Travenal Labs.
Morion Grove, lllincis

02660

Bunker Ramo Corp . Conn Div.
Formerly Amphenol-Borg
Electric Corp.

Broadview, lihnois

02729
Areo Capacilors, Inc
Chatsworth, Galilorma

03508

General Eleciric Co.
Semiconducter Producls
Syracuse, New York

03614
Replaced by 71400

03651
Replaced by 44655

03797

Eldema Div.

Genisco Technology Corp
Complon, California

03877
Transislron Eleciromic Corp.
Wakelield, Massachuselts

03888
KDI Pyrohim Corp.
Whippany, New Jersey

03911

Clarrex Eleclronics Div.
Clairex Corp.

M. Vernon, New York

03980
Murrhead Inc
Mounlainside, New Jersey

04009
Arrow Hart Inc.
Harliord, Conneclicul

04062
Replaced by 72136

04202
Replaced by 81312

04217

Essex Inlernalional Inc.
Wire & Cable Div
Anaheim, Cahforma

04221

Aemco, Div. of
Midtex Inc
Mankalo, Minnesata

04222

AVX Ceramics Div.
AVX Corp

Myrtie Beach, Flonda

04423
Telonic Indusines
Laguna Beach, Califorma

04645
Replaced by 75378

04713

Molorola Inc Semiconduclor
Producls

Phoenix, Anzona

04948
Standard Wire & Cable
Los Angeles, Calforria

05082
Replaced by 94988

05236
Jonathan MIg. Co.
Fullerlon, Caliorma

05245

Componenls Corp now
Corcom, Inc.

Chicago, lllinos

05277

Westinghouse Electrnic Carp.
Semiconductor Div
Youngwood, Pennsylvania

05278
Replaced by 43543

05279

Southwest Machine &
Plastic Co.

Glendara, Cahfornia

05397

Union Carbide Corp
Malerials Systems Div.
New York, New York

05571

Use 56289

Sprague Electric Co.
Pacific Div.

Los Angeles. Calilornia

05574
Viking Induslnes
Chalsworth, Cahfornia

05704
Replaced by 16258

05820
Wakeheld Engineenng Inc
Wakeheld, Massachusells

06001

General Electric Co
Electromic Capacilor &
Batlery Products Dapl.
Columbia. South Carolina

06136
Aeplaced by 63743

06383
Panduit Corp
Tinley Park, llhinois

06473

Bunker Ramo Corp.
Amphenol SAMS Div.
Chalsworlh, Califorma

08555
Beede Electrical Instrument Co.
Penacook. New Hampshire

06739
Electron Corp.
Liltleton, Colorado

D6743
Cleviie Corp
Cleveland, Onhto

06751
Companenis, Inc. Semcor Div
Phoenx, Arizona

06860
Gould Automolive Div.
City of Induslry. Cahlornia

06961

Vernilron Corp., Piezo
Elecinic Div

Formerly Clevile Corp , Piezo
Electric Div

Bediord, Chio

06980

Eimac D

Varian Associales
San Carlos, Califorma

07047
The Ross Millon Co
Soulh Hampton, Pennsylvana

07115
Replaced by 14674

07138

Weslinghouse Electnc Corp ,
Elecironic Tube Div
Horsehead, New York

07233

TRW Electromic Compeonenls
Cinch Graphic

Cuy of Induslry, Calilorma

07256

Sihicon Transistor Corp
Div. of BBF Group Inc.
Chelmsford, Massachuseits

07261
Aumel Corp.
Culver Cily, Cabforma

37263

Fairchiid Semiconduclor
Diwv. of Fairghild Camera
& Instrumenl Corp.
Mounlain View, Califormia

07344
Bircher Ca., Inc.
Rochester, New York

07597

Burndy Corp.
Tape/Cable Div
Rochester. New York

orrez
Lerma Engineerng Corp.
MNorihampton, Massachuselts

07910

Teledyne Semiconductar
Formerly Continenlal Device
Hawthorne, Califormia

07933

Use 49956

Raylheon Co
Semiconducior Div. HQ
Mountain View, California

08225
Industro Transisior Corp.
Long Island Cily, New York
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Federal Supply Codes for Manufacturers (cont}

08261
Spectra Strip Corp
Garden Grove. California

08530
Rehance Mica Corp.
Brooklyn, New York

08806

General Elecinc Co

Mirnmiature Lamp Products Dept
Cleveland, Ohio

08863
Nylomatic Gorp
Nornsville. Pennsylvania

08988

Use 53085

Skoltie Eleclronics Inc
Archbald, Pennsylvama

09214

G E Go Semi-Conductor
Producls Dept

Power Semi-Conduclor
Products OPN Sec
Auburn, New York

09353
C and K Components
Walerlown, Massachusalls

09423
Scientific Components, In¢.
Santa Barbara, Calilornia

03922
Burndy Corp.
Norwalk, Conneclicut

09969
Dale Elactronics Inc.
Yanklon, S. Dakola

10059

Barker Engineening Corp.
Formerty Amerace, Amerace
ESNA Carp.

Kemlworth, New Jersey

11236
CTS of Berne
Berne, Indiana

11237
GTS Keene Inc
Paso Robles, Calilormia

11358

CBS Electromic Div.

Columbia Broadcasling Syslemn
Newburyporl, Minnesola

11403
Best Producls Co.
Chicago, lllinois

11503
Keyslone Columbia Inc.
Warren. Michigan

11532
Teledyne Relays
Hawlhorne, Callfornia

11711

General Instrument Corp.
Rectifier Division
Hicksville, New York

11726
Qualdyne Corp,
Santa Clara. Calilornia

12014
Chicago Rivet & Machine Co.
Bellwood, lllinois

12040
National Semiconductor Corp.
Danburry, Connechicul

12060
Dipdes, Inc.
Chalsworth, Calilornia

12136
Philadelphia Handle Co.
Camden, New Jersey

12300

Potter-Brumlield Div.
AMF Canada LTD.
Guelph, Ontario, Canada

12323
Presin Co., [nc.
Shelton, Connecticut

12327

Freeway Corp. formerly

Freeway Washer & Slamping Co.
Cleveland, Ohio

12443

The Budd Co. Polychem Products
Plaslic Products Div.

Bridgeport, Pennsylvama

12615
U.5. Terminals Inc.
Cincinnali, Ohio

12617
Hamhn Ine.
Lake Mills, Wisconsin

12697
Clarostat Mig. Co.
Dover, New Hampshire

12749
James Electronics
Chicago, lllinois

12B56
Micrometals
Sierra Madre, California

12954
Dickson Eleclronics Corp.
Scoltsdale, Arizona

12969
Unitrode Corp.
Watertown, Massachusells

13103
Thermalloy Co.. Inc,
Dallas, Texas

13327
Sohtron Devices Inc.
Tappan, New York

13511

Ampheanol Cadre Div.
Bunker-Ramo GCorp.
Los Galos, Calilornia

13608

Use 56289

Sprague Electric Co.
Transisior Div.

Concord, New Hampshire

13839
Replaced by 23732

14099
Semlech Corp.
Newbury Park, Caitlfarma

14140

Edison Electlronic Div.

Mc Gray-Edison Go.
Manchester, New Hampshira

14193

Cal-R-Inc. formerly
California Resistor, Corp
Santa Monica, California

14298

American Components, Inc.
an insileo Co.
Conshohocken, Pennsylvania

14655

Cornell-Dublier Electronics
Division of Federal Pacific
Eleciric Co. Govt. Control Dept
Newark, New Jersey

14752
Eleciro Cube Inc.
San Gabriel, Califorrua

14869
Replaced by 96853

14938

General Instrument Corp.

Semi Conductor Producls Group
Hicksville, New York

15636
Elec-Trol Inc
Saugus, California

15601

Fenwal Electronics Inc.

Div. of Kidde Walter and Co., Inc.
Framingham, Massachusells

15818

Teledyne Semicaenductars,
formerly Amelco Semiconductor
Mouniain View, Calilornia

15849

Lillon Systems Inc. Usaco Div.
formerly Useco Inc.

van Nuys, Calilorma

15898

International Business
Machines Corp.

Essex Junclion, Vermonl

15909
Replaced by 14140

16258
Space-Lok Inc.
Burbank, Calilorma

16289

Corning Glass

Electronic Components Div.
Raleigh. North Caralina

16332
Replaced by 28478

16473

Cambndge Scienlific Ind.
Div. of Chemed Corporahion
Cambndge, Maryland

16742

Paramount Plaslics
Fabricalors, Inc.
Downey, Calilornia

16758

Delco Electronics

Dwv. of General Motors Corp.
Kokomo, Indiana

17001
Replaced by 71468

17069
Circuil S{ructures Lab.
Burbank, Calilorma

17338
High Pressure Eng. Co., Inc.
Oklahoma City, Oklahoma

17545
Allanlic Semicanductors, Inc.
Asbury Park, New Jersey

17856
Siliconix, Inc.
Santa Clara, Calilornia

17870
Replaced by 14140

18178
Vaciec Inc.
Maryland Heights, Missouri

18324
Signetics Corp.
Sunnyvale, Calilorma

18612

Vishay Resistor Products Diwv.
Vishay Interlechnology Inc.
Malvern, Pennsylvania

18736
Voltronics Corp.
Hanover, New Jersey

18927

GTE Sylvania Inc.
Precision Matenal Group
Parls Division

Titusville, Pennsylvania

19451
Perine Machinery & Supply Co.
Seatlle. Washinglon

19701

Electro-Midland Corp.
Mepco-Elecira Ing.
Mineral Wells, Texas

20584
Enochs Mfg. Inc.
Indianapclis, Indiana

7-4

www.valuetronics.com




Federal Supply Codes for Manufacturers {cont)

20891
Self-Orgamzing Syslems, Inc.
Dallas, Texas

21604
Bucheye Slamping Co.
Columbus, Ohio

21845

Solitron Devices Inc.
Transislor Division
Riveria Beach, Florida

22767
ITT Semiconductors
Palo Alto, California

23050
Product Comp Corp.
Mount Vernon, New York

23732
Tracor Inc.
Rockville, Maryland

23880
Stanford Applied Engrng.
Santa Clara, California

23936
Pamolor Div.,, Wm. J. Purdy Co.
Burlingame, California

24248
Replaced by 94222

24355
Analog Devices [nc.
Norwood, Massachuselts

24655
General Radio
Concord, Massachuselts

24759
Lenox-Fugle Electronics Ing.
South Plainfield, New Jersey

25088
Siemen Carp.
Isilen, New Jersey

25403

Amperex Electroric Gorp.
Semiconductor &
Micro-Circuits Div.
Slalersville, Rhode tsland

27014
Nalional Semiconductor Corp.
Santa Clara. California

27264
Molex Products
Downers Grove, lllinois

28213

Minnesola Mining & Mig. Co.
Consumer Products Div.

S1. Paul, Minnesola

28425

Serv-/-Link lormerly
Bohannan Indusines
Fort Worth, Texas

28478

Delirol Conlrols Div.
Delirol Corporation
Milwaukee, Wisconsin

28480

Hewlatt Packard Co.
Coarporate HQ

Palo Allo, Callfornia

28520
Heyman Mfg Go.
Kenilworth, New Jersey

29083
Monsanio, Co., Inc.
Sania Clara, California

29504
Slackpole Components Co.
Raleigh, North Carolina

30148
AB Enterprise Inc.
Ahoskia, North Carolina

30323
1llinois Tool Works, Inc.
Chicago, lllinois

310
Oplimax Inc.
Caolmar, Pennsylvania

32539
Mura Corp.
Greal Neck, New York

32767
Grilfith Plaslic Corp.
Burlingame, California

32879
Advanced Mechanical

‘Componenls

Norihndge, Califorma

328587

Ene Technolegical Products, Inc.

Frequency Conirol Div.
Carlisle. Pennsylvania

32097

Bourns Inc.

Trimpol Praducls Division
Riverside, Calilornia

33173

General Eleclric Co.
Praducls Depl.
Owensboro, Kentucky

34333
Silicon General
Westmirisler, Califorma

34335
Advanced Micro Devices
Sunnyvale, Calitornia

34802
Eleciromotive Inc
Kenilworth, New Jersey

ara42
P.R. Mallory & Co., Inc.
Indianapahs, Indiana

42498
National Radio
Melrose. Massachusellts

43543

Nytromics Inc,
Transtormer Co. Div
Geneva, New York

44655
Ohmite M!g. Co.
Skokie, lllinos

49671
RCA Corp
New York, New York

49956
Raytheon Company
Lexinglon, Massachusells

50088
Moslek Corp.
Carroliton, Texas

50579
Litronix Inc.
Cupertino, Calilornia

51605
Scientific Componsents Inc.
Linden, New Jersey

53021
Sangamo Eleciric Co.
Springheld, lllinois

54294

Culler-Hammer inc. lormerly
Shallcross, A Cutler-Hammer Co.
Selma, North Carolina

55026

Simpson Electric Co.

Div. of Am. Gage and Mach. Co.
Elgin, llhnois

56289
Sprague Electric Co
MNorth Adams, Massachusetis

58474
Superior Electric Co.
Brislol, Connecticut

60399

Torin Corp. larmerly
Torringlon Mig. Co.
Torrington, Connecticul

63743
Ward Leonard Electric Co., Inc.
Mouni Vernon, New York

654834
Wesl Mfg. Co.
San Francisco. Calilornia

65092
Weston Instruments Inc.
MNewark, New Jersey

66150

Winslow Tele-Tronics [nc.
Ealon Town, New Jersey
70485

Allantic India Rubber Works
Chicago. llhinos

70563
Amperite Company
Urnicn Cily. New Jersey

70903
Belden Corp.
Geneva, llinois

71002
Birnback Radio Co,, Inc
Ereeport, New York

71400

Bussmann Mig.

Div. ol McGraw-Edison Co
Saint Louis, Missoun

71450
CTS Corp.
Elkhart, Indiana

71468
ITT Cannon Electnig Inc.
Santa Ana, Cahlornia

71482
Clare, C.P. & Co.
Chicago, llhnois

71590

Centrelab Elecironics
Div. of Globe Union Inc.
Milwaukee, Wisconsmn

71707
Colg Coil Co., Inc.
Providence, Rhode island

T1744
Chicago Miniature Lamp Works
Chicago, llinois

71785

TRW Electronics Components
Cinch Connector Operations Chy
Elk Grove Village

Chicago, Ilhinois

72005
Wilber B. Driver Co.
Newark, New Jersey

72002
Replaced by 06980

72136
Eleclro Motive Mig. Co.
Williamanlic, Conneclicul

72259
Nytronics Inc.
Pelham Manor, New Jersey

72619

Dialighl Div.

Amperex Electroruc Corp.
Brooklyn, New York

72653

G.C. Electronics

Dw. ol Hydromelals, Inc.
Brooklyn, New York

72665

Replaced by 80303
72794

Dzus Fastener Co., Inc.
Wesi Islip, New York

72928

Gulton Ind. Inc
Gudeman Div.
Chicago, lhnois
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Federal Supply Codes for Manulacturers (cont)

72982
Erie Tech. Products Inc.
Ene, Pennsylvania

73138

Bechman Instrumenl Inc.
Halipot Division
Fullerion, Califorma

73293

Hughes Aircraft Co.
Eleciron Dynamics Div
Torrance, California

73445
Amperex Electronic Gorp.
Hicksville, New York

73559
Carling Electne Inc.
Wesl Hartford, Connecticul

73586
Circle F Industries
Trenlon, New Jersey

73734
Federal Screw Products, Inc.
Chicago. [linois

73743
Fischer Special Mig. Co.
Cincinnati. Ohia

73889

JFD Elecironics Co.
Components Corp.
Brooklyn. New York

73949
Guardian Electric Mfg. Co.
Chicago, Illinois

74199
Quan Nichels Co.
Chicago, lllinois

74217
Radio Switch Corp.
Marlboro, New Jerasy

74276

Signalile Div,

General Instrumeni Corp.
Neptune, New Jersay

74308
Piezo Crysial Co.
Carlisle, Pennsylvania

74542
Hoyl Elect. Inslr. Works
Penacook, New Hampshire

74970
Johnson EF,, Co.
Waseca, Minnesota

75042

TRW Electronics Components
IRC Fixed Resislors
Philadelphia. Pennsylvania

75376
Kurz-Kasch Inc.
Daylon, Ohio

75378
CTS Kmights Inc.
Sandwich, lllinois

75382
Kulka Electric Corp.
Mount Vernon, New York

75015
Littleluse Inc.
Des Plaines, llinois

76854

Ogk Industries Inc.
Swilch Div.

Crysial Lake, lllinois

77342

AMF Inc,

Polter & Brumfield Div.
Princelon, Indiana

77638

General Instrumenl Corp.
Rectitier Division
Broocklyn, New York

77969
Rubbercralt Corp. of CA. LTD.
Torrance, California

76189

Shakeproot

Div. of lllinois Tool Works Inc.
Elgin, (llingis

78277
Sigma Inslrumanls, Inc.
Soulh Brainlres, Massachusatis

78488
Stackpole Carbon Co.
Saint Marys. Pennsylvama

78553

Eaton Corp. Engineered
Faslener Div.
Tinnerman Plant
Cleveland, Ohio

79136
Waldes Kohinoor [nc.
Long Island Cily, New York

79497
Waestern Rubbar Company
Goshen, Indiana

79963
Zierick Mig. Corp.
ML Kisko, New York

80031

Electro-Midland Corp.

Mepco Div.

A Norih American Phillips Co.
MNorrislown, New Jersey

80145

LFE Corp., Process Control Div.

tormerly AP) Instrumenl Co.
Chesterland. Qhio

BO183

Use 56289

Sprague Producis

North Adams, Massachusells

0294
Bourns Inc., Instrument Div.
Riverside, California

80583
Hammarlund Mfg. Co., Inc.
Red Bank, New Jersey

B0640
Amold Slevens, Inc
South Boston, Massachusetls

81073
Grayhil, Inc.
La Grange, llhnois

B1312

Winchesier Electronics

Div. of Litton Industries Inc.
Qakville, Connecticul

81482
Tharm-0-Disc Inc.
Mansheld, Ohio

81483
International Rectifier Corp.
Los Angeles, Calilornia

81580
Korry Mig Co.
Seattle. Washington

81741
Chicago Lock Co.
Chicago, illnois

82305
Palmar Elecironics Corp.
South Gate, Calilornia

82389
Swilcheratt Inc.
Chicago. [llinois

82415

MNorlh American Phullips
Controls Corp.
Frederick, Maryland

82872
Roanwell Corp.
New York, New York

B2B77
Ratron Inc.
Woodstock, New York

B2879
ITT Royal Eleclric Div.
Pawtuckel, Rhode [sland

B3003
Varo Inc.
Garland, Texas

83058

The Carr Co., Uniled Can Div.

of TRW
Cambridge, Massachusetts

B3298

Bendix Corp.

Eleciric Power Div.
Ealonlown, New Jersey

83330
Herman H. Smilh, Inc.
Brooklyn, New York

83478

Rubbercraft Corp

of Amenica, Inc.

Wesl Haven, Conneclicul

83594

Burroughs Carp.

Electronic Componenls Div.
Plainfield, New Jersey

83740

Union Carbide Corp.

Baltery Producls Div.

formerly Gonsumer Products Dhv.
New York, New York

84171
Arco Electronics
Greal Neck, New York

84411

TAW Electronic Compaonents
TRW Capagilors

QOgallala, Nebraska

84613
Fuse Indicator Corp.
Rackville, Maryland

84682

Essex Internabional Inc.
Industrial Wire Div.
Peabody, Massachusells

88577

Precision Metal Products
of Malden Inc.

Stoneham, Massachusells

86584

Radio Corp. of Amearica
Electronic Components Div,
Harrison, New Jersey

- B6928

Seastrom Mfg. Co., Inc.
Glendale, Californ:a

B7034

INluminated Producls Inc.
Subsidiary of Oak Industrias Inc.
Anahiem, Calilornia

88219

Gould Inc.

Industrial Div.
Trenlon, New Jarsey

BB245

Litton Systems Inc.
Useco Div,

Van Nuys, Calilornia

88419

Cornell-Dubilier Electronic Div.
Fedaral Pacific Co.
Fuquay-Vanan, North Carolina

B8486
Plastic Wire & Cable
Jewill Cily, Connecticul

88690
Replaced by 04217

B9536
John Fluke Mfg. Co., Inc.
Seallle, Washinglon

89730
G.E. Co., Newark Lamp Works
Newark, New Jersey

7-6
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Federal Supply Codes for Manufacturers (cont)

90201

Mallory Capacitor Co.

Div. cf P.A. Mallory Co., In¢.
Indianapolis, Indiana

20211

Use 56365
Square D Co.
Chicago. llinois

80215
Besl Stamp & MIg. Co.
Kansas City, Missoun

90303

Malicry Battery Co.
Div. of Mallory Co., Inc.
Tarrytown, New York

91094

Essex Inlernalional Inc.
Suglex/IWP Div.
Newmarkel, New Hampshire

91293
Johanson Mig. Co.
Beoonlon, New Jersey

91407
Replaced by 58474

91502
Associated Machine
Santa Clara, Califorma

91506
Augat Ing
Altleboro, Massachusetts

91637
Dale Electronics Inc.
Columbus, Nebraska

91662
Eleo Corp.
Willow Grove, Pennsylvania

91737

Use 71468

Gramar Mlg. Co., Inc.
ITT Cannon/Gremar
Sanla Ana, California

91802
Industrial Devices, Ing.
Edgewater, New Jersey

91833
Keystone Eleclronics Corp
New York, New York

91836
King's Eleclronics Co., Inc.
Tuckahoe. New York

91929
Honeywell Inc.
Micro Swilch Dwv
Freaport, Illinois

91934

Miller Electric Co., Inc.
Div. of Aunel
Woonsockst, Rhoda Island

52194
Alpha Wire Corp.
Chzabeth. New Jersey

93332
Sylvania Eleclric Products

Semiconductor Products Div.

Woburn, Massachuselis

84145
Replaced by 49956

94154

Use 34988

Wagner Eleclric Corp.
Tung-Sol Div.
Newark, New Jeraey

94222

Soulhco Ine. formerly
Soulh Chester Corp.
Lester, Pennsylvania

895146

Alco Eleclronic Producls Inc.

Lawrence, Massachusetts

95263
Leecraft Mfg. Co.
Long Island City, New York

95264
Replaced by 98278

95275
Vitramon Inc.
Bridgeporl, Conneclicul

95303

RCA Corp.
Receiving Tube Div
Cincinnati, Ohio

95348
Gordo’s Corp.
Bloomtield, New Jersey

95354
Melhode Mig. Corp
Rolling Meadows, llingis

85712

Bendix Corp.

Electrical Components Div,
Microwave Devices Plant
Franklin, Indiana

95987
Waeckesser Co. Inc.
Chicago, llfinois

96733
San Fernando Electric Mfg. Co.
San Fernando, California

96853
Gulten Industries Inc.
Measuremenl and Controls Div.

formerly Rustrak Instruments Co.

Manchester, New Hampshire

96881
Thomson Industries, Inc.
Manhassal, New York

97540

Masler Mobile Mounls, Div. af
Whitehall Electronics Corp.
Fl. Meyers, Florida

97913

Industnal Eleclronic
Hardware Corp.
New York, New York

97945
Penwall Corp,

S5 While Induslrial Products Div.

Piscataway, New Jersey

97966
Raeplaced by 11358

98094
Replaced by 49956

98159
Rubber-Teck, Inc.
Gardena, Calilornia

98278

Malco A Microdot Co., Inc.
Connector & Cable Div.
Pasadena, Calilornia

58291
Sealaclro Corp.
Mamaroneck, New York

98388

Royal Induslries
Producls Div.

San Diego, California

98743
Replaced by 12749

98925
Replaced by 14433

93120
Plaslic Capacitors, Inc.
Chicago, [llinois

89217

Bell Industries Elecl.

Comp. Div.

farmerly Southern Elecl. Div
Burbank, Calilornia

99392
5TM
Qakland, California

99515

ITT Jennings Monrovia Plant

Div. ol ITT Jennings formerly
Marshall Industries Capacilor Div.
Monraovia, Califormia

99779

Use 29587

Bunker-Ramo Corp.
Barnes Div.

Landsdowne, Pennsylvania

S9800

American Precision Industries Inc.
Dalevan Division

Easl Aurora, New York

99942

Ceanlrelab Semiconductor
Cenlrelab Eleclronics Div of
Globe-Union Inc.

El Monte, California

Toyo Eleclronics
(R-Ohm Corp.)
Irvine, California

National Canneclor
Minneapolis, Minnesota

www.valuetronics.com
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U.S. SALES AREAS for all Fluke products

AK, Anchorage
Harry Lang & Associales
1371 Hillcrest Drive #303
Anchorage, AK 99503
{907} 279-5741

AL, Huntaville
John Fluke Mfg. Co., Inc.
3322 S. Memorial Parkway
Suile 96
Hunisville, AL 35801
(205) BE1-8220

AZ, Tempe
John Fluke Mfg. Co., Inc.
2125 5. 481h Street
Suile 104
Tempe, AZ 85282
(602) 967-8724
Tuceon
(602) 79(-9881
CA, Los Angeles
John Fluke MIg. Co., Inc.
20902 South Bonita St
Carson, CA 90746
{213) 538-3900
ar (714) 761-2449

San Dlego

John Fluke Mig. Co.. Ing.
9601 Aero Drive, Suite 290
San Diego, CA 92123
(714) 226-1254

Santa Clara

John Fiuke Mig. Co., Inc.
2300 Walsh Ave., Bldg. K
Santa Clara, CA 95051
{40B) 727-D513

Tusiln
John Fluke Mig. Co., Inc.
15445 Raed Hill Ave., Sulle F
Tuslin, CA 92680
(714) 838-8863

CO, Denver
John Fluke Mig. Co., Inc.
1980 South Quebec 5t. #4
Denver, CO 80231
{303} 750-1222

CT, Harilord
John Fluke Mlg. Ca.. Inc.
Glen Locken East
41-C New London Turnpike
Glastonbury, CT 06033
{203) 659-3541

FL, Orlando
John Fluke Mfg Co..Inc.
840 N. Fern Creek Ava.
QOrlando, FL 32803
{305} B96-4881

GA, Aliania
John Fluke Mfg. Co., Inc.
2700 Delk Rd., Suite 250
Marielta, GA 30067
(404) 953-4747

HI, Honolulu
EMC Corporation
2979 Ualena SI.
Honolulu, HI 96819
(808) B36-1138

IA, lowa Clty
{(319) 354-2811

IL, Chicago
John Fluke Mfg. Co., Inc.
3740 Indusirial Ave.
Rolling Meadows, IL 60008
(312) 398-0850

IN, Indlanapoclis
John Fluke Mfg Co., Inc.
877 Purdue
Suile 101
Indianapalis, IN 46268
(317) 875-7870

KS, Kansas City
John Fluke Mig. Co., Inc.
4550 W. 1091Lh S1., Suite 130
Shawnes Mission, KA 66211
{913) 351-0800

LA, New Orieans
(504} 455-0814

MA, Burlingion
John Fluke Mig. Co., Inc.
25 "B" Slrest
Burlinglon MA 01803
(617) 273-4674

MD, Ballimore
(301) 792-7060

Rockvllie

John Fluke MIg. Co., Inc.
5640 Fishers Lane
Rockville, MD 20852
(301} 770-1570

MI, Delrolt
John Fluke Mfg. Ca., Ing.
13955 Farmingion Rd.
Livonia, MI 48154
{313} 522-9140

MN, Bioomingion
John Fluke Mfg. Co., Inc.
1801 E. 79ih St., Suite 9
Bloominglon, MN 55420
(612) 854-5526

MO, St. Louls
John Fluke Mfg. Co., Inc.
2029 Woodland Parkway
Suile 105
51. Louis, MO 63141
{314} 993-3805

NC, Greensboro
John Fluke Mig. Co, inc.
1310 Beaman Place
Greensboro, NC 27408
(919) 273-1918

NJ, Paramus
John Fluke Mig. Co., Inc.
P.O Box 930
Wasl 75 Century Road
Paramus, NJ 07652
{201) 262-9550

NM, Albuquerque
Jehn Fluke Mig, Co . Inc.
1108 Alvarado Drive N E
Albuguergque, NM B7110
{505) BB1-3550

NY, Rochesler
John Fluke M1g. Co., Inc.
4515 Culver Road
Rochesler, NY 14822
(718) 323-1400

OH, Cleveland
John Fluke Mfg. Co., Inc.
7830 Freeway Circle

Middlaburg Heighls, OH 44130

(216) 234-4540

Columbus
(614) BBY-5715

Dayton

John Fluke Mfg. Co., Inc.
4756 Fishburg Rd
Dayton, OH 45424

(513) 233-2238

OR, Portland
John Fluke Mfg. Co., Inc.
18360 S W Springlield Lane
Aloha, OR 97007
(503) 842-1342

PA, Philadelphia
John Fluke Mfg. Co., Inc.
1010 West 8lh Ave., Suile H
King of Prussia, PA 19408
{215) 265-4040

Pltisburgh
(412) 261-5171

TX, Auslin
John Fluke Mfg. Co., Inc
Creek Gardens, Suite 103
8705 Shoal Creek Blvd.
Auslin, TX 78758
{512) 459-3344

Dallas

John Fluke Mlg. Co, Inc.
14400 Midway Road
Dallas, TX 75234

(214) 233-2980

Houslon

John Fiuke Mfg Co . Inc,
4240 Blua Bonnel Dr.
Stalford, TX 77477

(713) 491-5995

San Anlenlo

John Fleke Mig. Co, Inc.
10417 Gulfdale

San Anlonio, TX 78216
(512) 340-2621

UT, Salt Lake City
Jehn Fluke Mig. Co., Inc.
5226 So. 300 West, Suite #2
Sall Lake Cily, UT 84107
(801) 268-5331

WA, Seallle
John Fluke MIg. Co, Inc.
5020 148lh Ave N.E.
Suile #110
Redmond, WA 98052
(206) BB1-6966

Service Center Areas

CA, Burbank (213} 849-4641
CA, Sanla Clara (408) 727-8121
CO, Denver (303} 750-1228

FL, Orlando (305) 856-2296

IL, Chicago {312) 398-5800
MA, Burlinglon (617) 273-4678
MD, Rockyllle {301) 770-1576
NJ, Paramus (201) 262-9550
TX, Dellas {(214) 233-9945

WA, Evaeretl (206) 356-5560

For more Information on Fluke products or Sales Offices you may dial (800) 426-0361 toll-free In most of the U.S.A.
From Alaska, Hawall, or Washington, phone (206) 356-5400. From Canada and other countries phone (206} 356-5500.

FLUKE

John Fluke Mig. Ca,, Inc., P.O. Box C8090, Everett, WA 98206
Fluke (Holland) B.V., P.O. Box 5053, 5004 EB, Tilburg, The Netherlands. Phone (013) 673973
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INTERNATIONAL SALES OFFICES

Argenlina »

Coasin, S A

Virrey dal Pino 4071
Busnos Aires, Argenline
Tal 552-5248, TLX 22284

Ausiralia &

Eimeasco [nstruments Ply Lid
PO Box 30 Concerd NSW
Austraba 2137

Tel (2} 736-2888, TLX (790) 25887
Elmeasco Instrumanls Ply Lid
21-23 Anthony Drive

Mt Waverly, VIC 3149

Aysiralia

Tel 233-4044, TLX (760) 38206
Eimeasco Instrumants Ply Ltd
Proleasional Suites Bidg

GPQ Box 2360

Brisbane, 4001, Ausiralia

Tel (07) 220-3161

Eimesscao Inalrumenis Pty Lid
G PO Box 1240, Adalavde
South Australia 5001

Tel (08) 271-1839

Eimeasco Instrumants Pty Lid
PO Box 85 Goanalls

Weal Ausiraha 6110

Tal (D9} 308-3382

Aualrin »

Walter Rakirsch

Elekiromsche Garate GmbH & Go
Vertrieb KG

Obachpassa 28

Vienna, Austna

Tal {0222) 235555, TLX 134758

Bangladesh »
Moiheriand Corporalion
24 Halkhola RAd . Tikatuli
Dacca 3. Bangladash
Tal 257249 or 255776

Belgium =

Fluka (Belgum) S A /N V

6. Aums da Genave

1140 Brussels, Balgium

Tel (2) 2164090, TLX 26212
Bolivia »

Coasin Bolwvia SAL

Caailla 7295, La Paz, Bohvia
Tal 40062, TLX 3223

Brazil

Fluke Braml-Industria E
Commaercie LTDA

Al Amazonas 422.
Alphavilie, Baruart.

CEP 08400 Seo Paulo, Brazil
Tal (011) 4215477, TLX 01135588

Fluka Brasil-Industria E
Commerco LTODA

Av Henrnigue Valadares, 237401
Rio ds Janerro, Brazil

Tal 252-1297

Brunsi

Aank O'Conneor's (PTE) Limitad
No 8 BKD

Surin Shop Housa Complex
Mile 1, Jalong Tutong

Bandar Ser) Begawan. Brunei
Tel 26680

Bulgara m

Amiast Assocrates Lid

Clarence Housa. 31. Clarance 5t
Stanes, Middlasex Tw18 45Y
Urited Kingdom

Tal (784) 63555, TLX 928855

Canada »

Allan Crawford Assos . Lid

¥14 1835 30th Ave NE

Calgary. Albarla T2E 6Z5

Tel (403) 230-1341, TLX 03-821186
Allan Crawford Assoc , Lid

PO Bap 3957

Poslal Station "D

Edmanton, Albarta T5L 4K1

Tel {403} 451-4893

Allan Crawford Assoc . Lid

3795 William Stresl

Burnaby Bnlish Columbia V5C 3H3
Tel (504) 294-1326. TLX 04-54247

Allan Crawford Assoc . Lid
BA1 Lady Ellan Place
Ottawa, Onlano K1Z 5L3
Tal (613) 722-7682. TLX 0533500
Allan Crawiord Assoc, Lid
6503 Northam Drive
Missiasauga, Ontarso L4V 1J2
Tal {416) B78-1500. TLX 06968763
Allan Crawlord Assoc, Lid
7918 cote de Liasae
St Laurent, Quebac H4T 1E7
Tal (514) 731-8564, TLX 05824844
Chad B
Fluke (Holland) B vV
PO Box 5053 5004 EB Tilburg
Zavenhauvelanweyg 53. 5048 AN Tilburg
The Nelherlands
Tal {013) 673973, TLX 52237
Chlile »
Intronica Chile Lida
Manual Monit 024 - 0! D
Cawmlla 15228, Sanuago 9. Chile
Tal 44840, TLX 240301

Atln Intronica Chile
Chinn, Peopla’s Republic of &
Fluke International Corporation
PO Box C9090
Evarell, WA 98206, U S.A
Tel (206) 356-5511
TLX 152662 JOHN FLUKE EVT
Colombia »
Sist E Instry on, Lida
Carrera 13, No 37-43, Oi 401
Ap Aereo 28583
Bogola DE. Golombia SA
Tel 232-45-32. TLX 45787
Cyprus B
Chns Radiovision Lid
P O Box 1889, Nicosia. Cyprus
Yol 68121, TLX B262395
Czechoslovakla m
Amiest Associates Lid
Clarence House. 31, Clarance Sl
Stamnea, Middlesax TW18 45Y
Uniled Kingdom
Tel: {784} 63555, TLX 928855
Oenmark B
Tage Olsen A/S
Ballerup Byvay 222
DK - 2750 Ballarup, Danmark
Tal (2) 6587111, TLX (B55) 35293
Ecuador o
Proteco Coasin Cia, Lide
Edilicio “Jerice”
Ave 12 de Oclubre #2285 y

Ave Orellana {Planta Baja)
Quito. Ecuador
Tel 529684, TLX. (393) 2865
Proteco Coasin Cia . Lida
Calderon 103 y Malecon
Casilla #3733
Guayaquil, Ecuador
Tal 526092

Egypl and Sudan =

Elactronic Engmneering Liasson Othice
F O Box 2891 Horreya

Helgpolis, Cara, Egypt

Tel 691588 TLX {(927) 92502
England &

Fluke {Greal Britain) LTD

Colonial Way

Wallord Herls. WD2 ATT

United Kingdom

Tel (0623) 40511, TLX (851) 934583
Ramiax (0923) 25067

Elhlopla m

Fluke (Holiand) B V

PO Box 5053. 5004 EB Tilburg
Zevenhguvalenweg 53, 5048 AN Tdburp
The Nelherlands

Tel {013) 673973, TLX 52237

Flli »

AWA Frpy

47 Forster Road. Walu Bay

Suva, Fipi

Tel 212079, TLX FJ2347

Finland »

Oy Findep AB, Teolbsuustie 7

2700 Xaurmiminen Finland

Puh (0) 5052255 TLX (B57) 123129
France m

MB Electromique S A

Rue Fourny 606. Z1 Canlra

78530 BUC

BP No 31

78530 BUC, France

Tel {3) 9568131, TLX (842) 695414
Garman Democrallc Republic =
Amiesi Associates Lid

Clarance House, 31, Clarence St
Stanes, Middlesex TW18 45Y
United Kangdom

Tel (784) 63555, TLX 928855

Garman Federal Republic &
Fluke {Deutschland) GmbH
Max-Hueber StraBa B

8045 lsmamng, Wast Germany
Tel {089) 96050, TLX 522472
Rapiax (089) 9605166

Fluke {Deutschiand) GmbH
Maineckastasas 53

4000 Dussaldor! 30, West Garmany
Tal {0211) 450831, TLX (841} 8585576

Gresca ®

Helleric Scientilic Aspresantations Ltd
11, Vrasside Sireel

Athens 612, Greace

Tal (1) 711140, TLX (863) 219330
Hong Kong

Schmidi & Co (H K} Lid

28th FI Weng on Cantre

111 Connaught Road

Canlral Hong Kong

Tal 5-455844

TLX 74766

Hungery &

Amiasl Agsociates Lid

Clarence House, 31, Clarence St
Stmingy, Middlesax TW18 45Y
Umiled Kingdom

Tel (784) 63655, TLX 928855
lceland o

Kristjan O Skagfjord Lid

PO Box 906

Reykjavik, lcaland

Tel 24120, TLX 2133

Indla =

Hindiron Services Pvi Lid
68/A L Jagmohandas Marg
Bombay 400 006, India

Tal A11316, TLX 112326

Hinditron Saervices Pvt Ltd

8th Mawn Road

33r44-A Haj) Mah! Vilas Extanatan
Bangalore 56 080. India

Tel 33139. TLX (953) 0845741
Hinduron Sarvicas Pvi Lid
Shantiniketan, Otflice No 6

61h Flpor. 8 Camac Siresl
Calcutta 700 017, Indra

Tal 434032 447541

Hindstron Services Pyt Lid
204-206 Henkunt Towar

98 Nehst Place

New Dalt, 110018, Indim

Tel 640380, TLX (95) 314890
Hmdilron Sarvices Pyl Lid
Snnath Complex, Sth Floor
1-1-5871 1o 1-1-58/11

Saropm Devi Road
Secunderabad 500 003. India
Tet 821117, TLX (853) (155 575
Indonssls =

P T Dw: Tunggal Jaya Sakt
Kebayaran Baru

Jakarta Salalan, Indonesia

Tel 716374, TLX 45305

Iraq @

Fluke {Holland) B ¥V

PO Box 5053. 5004 EB Tilburg
Zavenheuvalenweg 53, 5048 AN Tiburg
‘Tha Netharlands

Te! (013) 673873, TLX 52237

Ireland m

Eurg Elactronics

32 Braws Hill

Naven County Meath, Ireland
Tal (48) 23577. TLX (B51) 3182

Israal @

RD T Elactronics Engineanang Lid
PO Bor 75

48. Sokolov Slrest

Ramal Hasharon 47235, [aras]

Tel (3) 483216, TLX (922) 32143
ligly ®

Sistrel Sp A

Vha Pelizza da Volpedo 58

20082 Cimssello Balsamo

Muan, llaly

Tal {2) 6181893, TLX (B43) 334643
Suatral Sp A

Via Giuseppe Armellini No 38
00143 Roma, lialy

Tal. (6) 5915551, TLX (843) 68356
Sistral Sp A

Via Crnlo

Parco S Paolo

B0126 Naplas, [laly

‘Tal' {81) 7679700

Japan »

John Fluke Mfg Ca , Inc

Japan Brench

Sumitoma Higaakt

Shinbashi Bidg.

1-1-11 Hamamatsucho

Mmnalg-ku, Tokyo, Japan

Tal {03) 434-0181, TLX 2424211

FLUKE

WW\W.valuetroni¢s.¢oim’™

John Fluke Mfg. Co., Inc. / PO Box C9090 / Everett, WA 98206 / (206) 356 5400



Kenya @

ADCOM Lid

PO Box 30070

Nairgbi, Kenya. East Afnca
Tel 301965, TLX 22639
Korea &

Electro-Sciance Korea Co
CP O Box 8446

Room 403, Boondo Bidg
56-12 Jangchung-lIKa
Jung-ku

Seoul Korea

Tet 261-7702 TLX K25381

Kuwall &

Al-Bahar Int Group

PO Box 28672 Safat

Kuwait, Araban Gull

Tel 4501087, TLX 44822
Labanon and Jordan ®

Mabek (Elacteonic Divigion)
PO Box 11.3823

Bewrul. Lebanon

Tel 812523 TLX (923) 22689
Libys m

Fluke (Holland} B V

PO Box 5053. 5004 EB Tuburg
Zevenheuvelenweq 53. 5048 AN Tilburg
The Netherlands

Tal (013) B73973, TLX 52227

Mulaysia @

Mecomb Malasia SON BHD
Lot 2. Lorong 13/64
Palaing Jaya. Malasia

Tel 573455 TLX MA37605

Menico o

Elecironica ¥ Tecnologia
Avanzadn S A da CV
Palnucio Padilia 53

Crrcuito Comarcial Satghla
Nauca'pann Edo De Mexico
Tel 393 0902

TLX (383) 017 2697

Nepal o

Assosated Enterprises
GPO Box 790 Pyaphal Tole
Kathmandu Nepal

Tel 13868

Netherlands »

Fluke {(Medariand) B V
Gasthuisring 14

5041 DS Tiourg

The Nethertands

PO Box 115

5000 AC Tilburg

The Nelherlands

Tel (013) 352455, TLX 52683

New Zealand @

McLean Informalion Technology Lig
PO Box 9464 Newmarkel
Auckland 1. New Zealand

Tal 501-B01. TLX (791} NZ 21570
McLean [nformation Technology Lid
PO Box 486

Waellinglon, New Zealand

Tel 851-450 or 844.424

Nigeria ®

Molat Engineering Co . Lid

PO Box 6369

Lagos, Nigena

Tel 960744 TLX 21352

Morway B

Morgensusrme & Co AsS
Konghsliegate 3

P O Box 6588. Rodelokka
Oalo 5. Norway

Tel (2) 356110 TLX (856) 71719
Oman »

OHI Communications
PO Box 889

Muscal

Sullanate ef Oman

Tel 702666 or 703862
TLX 3168

Pakiatan ®

Pak International Operations

505 Muhammad) Houte

11 Chundrigar Road

PO Box 5323 Karachi, Pakistar

Tel 221127, TLX (952) 24434

PDRA Yemen =

Fluke {Holland) B Y

PO Box 5153 5004 EB Tithurg

Zavenhsuvelenwag 53. 5048 AN Tdburg

The Nelherlands

Tel (D13) 673973, TLX 52237

Peru &

Imporiactones Y Represeniacionas
Elactroncas S A

Avda Frankhn D Aoosevelt 105

Lima 1. Peru

Tel 288650 TLX {394) 25663

Phillppines &

Spark Radio & Eleclromics, Corp
1044 Ongpin St Sta Cruz
Manila Philpppines

Ter 47-11.94 TLX 27901

Spark Radw & Etactromes Corp
Greentills PO Box 610

San Juan. Metro-Marula
Phibppings Zip 3113

Tel 77-51-92

Poland ®

Amlest Associates Lid

Clarence House 31 Clarerce Si
Staings Middleser Tw1B 45Y
Uniled Kingdom

Tel (784} 83555 TLX 928855
Porlugal =

Decada-Equipamenios de
Elaciromca Lda

Aue Pedro Nunes, 47-C

1000 Lisboa. Partugal

PO Box 1128. 1003 Lisboa Codex
Tel (19) 574884 TLX (832) 18489

Qatar m

Technology Organisation
PO Box 5549. Doha Qatar
Tael 321431 TLX (857) 4581

Romania m

Amlesl Associates Lid

Clarerte House 31 Clarence St
Staines Middlesex TW18 45Y
Urited Kingdom

Tel (784; 63555 TLX 928855

Smudl Arable m

Eleciromc Equipmenl Marketing Co
PO Box 3750

Aiyadh, Saud: Arabia

Tel (1) 477-165001

TLX (928) 201120

Singapars ¢

Rank O Cannor's (PTE) Limted
98 Pasir Pamang Road
Singapore 0511

Republic of Singapore

Tel 637944

TLX AS21023

Somalla .

Fluke (Holland) B V

P O Box 5053, 5004 EB Tiburg
Zevenheuvalenweg 53. 5048 AN Tilburg
The Netherlands

Tel (013) 673873, TLX 52237
Soulh Alrica »

Fluke S A (Ply} Lid

P O Box 39797, Bramtey 2018
Repubbc ol Sauth Alrica

Tal (011) 786-3170 TLX 424328
Spain ®

Hispano Electromcs S A
Poligono Industrial Urtinsa
Apartado de Carregs 48
Alcorcon (Madnd). Span

Tel (116194108

TLX (831} 22404

www.valuetronics.com

Sni Lanka »

Jay-Es Eleclronics

160 Poorvarama Mawalha
Colombo 5, Sre Lanka
Tel 073-2393

Sweden B

Telenstrument AB

P O Hox 4450

162 04 Vallingby. Sweden

Tel (B) 380370, TLX (854) 15770
Switzerland B

Traco Electronic AG
Jenatschsirasse 1

8002 Zunch. Switzerland

Tel (1) 2010711, TLX (845) 54318

Syda m

Mabgk (Elaciromc Division)
PO Box 4238

Damascus. Syna

Taiwan &

Schrudt Scoentific Far East L1d
906. Cha Hsan Bidg

36 Chung Shan N Rdg Sec 2
Taper, Taiwan

Tel 5414600, TLX 11131
Thailand »

Measuretronix Lid

189910 Ramkamhaeng Rd
Huamark Bangikok 24. Tharlang
Te: 3143369 TLX B1143
Tunesla &

Seep SARL

6 Aue de Sparle

Turs - 1000 RP. Tunesa

Tel (1) 248093, TLX (934) 13030
Turkey @

Erkman Elextrornk Aletter
Ticaret Anan:m Sirkets
Necalibey Cad 92/3

Karaxoy Istanbol. Turkey

Tel 441546

TLX (821) 23352

Uniied Arsb Emirales m

Al Samam Trad Est

PO Box 7187

Abu-Dhaty. Umited Arab Emirales
Tel 821370 or 821371

TLX 23965

Uniled Kingdom =

Fluke {Graal Br.tain) Ltd
Colorual Way

Wallord Herts. WD2 4aTT
United Kingdom

Tel (0923) 40511, TLX 934583
Rapitax (0923) 25067
Uruguey =

Coasn Uruguaya S A

Casdla da Correas 1400
Liberiad 2529

Maniewideo, Uruguay

Tal 78-90-15, TLX UYE5T1
USSR »

Amlesl Associates Lid
Clarance House, 31, Clarenca 5t
Slaines. Middlasex TW18 45Y
Unilad Kingdom

Tel (784) 63555 TLX 928355

Vanezuels ¢

Cossin CA

Calle 9 Con Calle 4 Edit Edinurbi
Apartado De Correas

NR-70 136 Los Ruices

Caracas 1070A, Venazuela

Tel 239-0967. TLX (395) 21027

Yemen 8

Fluke {Hollard) B V

P O Box 5053. 5004 EB Tiburg
Zevenheuvelenweg 53 5048 AN Tilburg
Tha Nelharlands

Tel (013) 673973, TLX 52237

Yugosiavia m

Arntest Assocrates Lid

Clarence House 31 Clarence 51
Slaines. Middlesex TW18 45Y
United Kingdom

Tel (784) 63555 TLX 928855

8 Supplied and Supported by —

Fluke (Holland) BV

PO Box 5053. 5004 EB Toburg
Zpvenheuvelenweg 53. $048 AN Tilburg
The Nalherlands

Tel (013) 673973, TLX 52237

® Supplled and Supported by —

Fluke Internabional Carporation
PO Box CS090

Evarell, WA 98206 U S A

Tel {206} 356-5500

TLX 152662 JOHN FLUKE EVT

®
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TECHNICAL SERVICE CENTERS

U.S.A.

CA, Burbank
John Fluke Mlg. Co . Inc.
{213) B48-4841

CA, Santa Clara
John Fluke Mlg Co, Inc
(408) 727-B121

CO, Denver
John Fluke Mlg Co, Inc
[303) 750-1228

FL, Orlando
John Fluke Mig Co . Inc
(305) BRG-2206

IL; Rolliing Maadows
Jahn Fluka MIg Co ., Inc
(312) 388-5800

MA, Burlington
John Fluka Mig Ca, Inc
(817) 273-4678

MD, Rockyllle
John Fluke Mig Co.. Ine.
(301} 770-1576

NJ, Paramus
John Fluke Mig Ce., Inc.
(201) 262-8550

TX, Dallas
John Fluke Mig Co , inc
(214} 233-9945

WA, Everet
John Fluke Mig. Co | lnc.
(208} 356-5560

Other Countrles

Argenlina, Buenos Aires
Coasin S A
Tel 552-5248/2485
TLX 122284 COASN AR

Auslralla, Concord
Elmeesco Inalrumants Py Lid
Tel (02) 735-2888
TLX {790} 25887

Australla, Mounl Waverley
Elmeasco Instrumanis Ply Lid
Tel 03-233-4044
TLX 38208

Ausiralla, Brisbana
Elmeasco Ingirumenis Ply Lid.
Tal (07) 229-3161

Austria, Vienns
Waller Relarach Electronische Gerale
GmbH & Ce.
Tel (0222) 235555
TLX: 134758

Belglum, Brussals
Fluke {Balgium) SA/NA
Tel (02} 2184090
TLX. 26212

Brazll, Sac Pauto
Fluke Bresil-Indusira E Comarcio Lida
Tel {011) 421-3603
TLX. 01135589 FLKE BR

Cenade, Calgary, AB
Allan Crawlord Associates Lid
Tel {403} 230-1341

Caneada, Burnaby, BC
Allan Crawlord Associalea Lid
Tel (604) 284-1326

Cansda, Misslsssugs, ON
Allan Crawlord Assogiales Lid
Tel {416) 678-1500

Cansda, S.. Laureni, PQ
Allan Crawlord Associales Lid
Tel (514) 731-8564

Chlle, Santlago
Intronica Chile Lida
Tel' 44840
TLX 240301

China, Bel)ing
Beijing Radio Research Instiiute
Tal: 445612

Colombls, Bogola
Sislamas E Instrumeniacion, Lida.
Tal 232-45-32
TLX 45787 COASN CO

Denmark, Batlsrup
Tage Olsan A/S
Tel {02) 858111
TLX 35293 TOAS SK

Ecuador, Qulio
Edilicie "Janco”
Tel. 520884, 526758
TLX. 2865 Prolec Ed

Egypl, Cairo
Elecirome Engineering Limson Ollice
Tel 691588
TLX: {827) 82502

England, Wattord, Herls
Fluke {Gragl Britain) LTD
Tol 44-523-40511
TLX 934583

Finland, Knunialnen
Oy Findip AB
Tel. (0} 5052255
TLX 123128

France, BUC
M B. Electroniqua S.A.
Tel. (01} 6568131
TLX: 685414

Greeca, Althsra
Hellanic Scienhfic Aepressntalions
Tel (01) 711140
TLX: 219330

Hong Kong, Hong Kong
Schrudt & Co (H K} Lid.
Tel 5-455644
TLX: 747668 SCHMC HX

India, Bombay
Hinditron Services Pyt Lid.
Tel 811318, 815344
TLX B53-112328 HSPL IN

India, Bangalore
Hindiron Services Pvi. Lid.
Tel 32139
TLX 0845741

India, Naw Dalhi
Hinditron Services Pyl Lid
Tel 619118
TLX 031 4890 SRMP IN

Indonasla, Jakeria Sslalan
P T Dwi Tunggal Jaya Sakh
Tal: 716374
TLX 47308 DIJS 1A

lsrasl, Ramal Hasharon
AD T Electronics Engineaning Lid
Tal: (03} 483216
TLX 32143

Italy, Milan
Sistrel Sp A
Tel {02) 6181893
TLX 334643

Italy, Roms
Sigtrel S p.A.
Tal: (06} 5915551
TLX: 68256

Japan, Tokyo
John Fluke Mfg Co.. Inc.
Japan Branch
Tel. {03) 434-0181
TLX (7B1) 2424331 (FLUKJPJ)

Korss, Seoul
Eleclro-Scienca Koraa Co.
Tal 261-7702, 260-1908
TLX. K25381

Maiaysis, Pelaling Jays
Macomb Malaysia SDN BHD
Tel. 573485
TLX MA37605

Mexlco, Mexico D.F.
Eleclronica y Tecnologia
Avanzada S A de CV (ETA)
Tel 393 09 02 or 393 57 62
TLX. 0172897 BLOSME

Netharlands, Muarssen
Fluke (Nederland) B V.
Tel (030) 436514
TLX 47128

Nelheriands, Tliburg
Fluke (Helland) B V
Tel (013) 673973
TLX 52237

Naw Zealand, Auckland
McLean Inlormalion Technology, Lid
Tel 501-801, 501-219, 587-037
TLX NZ21570 THERMAL

Narway, Oslo
Morgenstiarne & Go A/S
Tel (02} 358110
TLX 71718

Paklstan, Karachl
Pak International Operations
Tel: 221127, 238052
TLX 24494 PIQ PK

Paru, Lima
Importaciones Y Represeniaciones
Electronicas S.A.
Tel: 288650
TLX 37425663

Philippines, Maire Manlia
Sperk Radio & Eleciromes Corp
Tel 78-7B-18
TLX. 27801 ALA PH

Poriugal, Lisbon
Deceda-Equipamenlos da
Elactronica. Lde
Tel: (19) 574984
TLX 18469

RAspublic of Singapore, Singapore
Rank O'Connor's {PTE} Limiiad
Tel B37944, 230052
TLX OCONSIN R521023

Republic of South Alrica, Bramley
Fluke S A (Ply) Ltd
Tel. {011) 788-3170
TLX- 424328

Spaln, Alcarcon (Madrid)
Hispano Eleclronics S5.A
Tel' {01) 6184108
TLX: 22404/42634

Sweden, Vallingby
Telainalrument AB
Tel (08) 380370
TLX 15770

Swiizariand, Zurich
Traco Eleclromic AG
Tal: (01) 2010711
TLX: 54318

Tatwan, Talpel
Schmidl Scianlilic Far Easl Lid.
Tal: 5414600
TLX: 11711 Schmidl

Thalland, Bengkok
Measurstronix Lid.
Tel: 3143369, 3143430
TLX: 81143 DEJOBKK TH

Turkay, lstanbu)
Erkman Elekironik Alsllar
Tal (1) 5481
TLX 23353

Urugusy, Moniavideo
Coasin Uruguaya SA L.
Tel. 25-31-852
TLX: UY 8571 OROGUER

Vensiuels, Caracas
Coasin, G A
Tal: 38-78-42, 38-70-88
TLX 21027 EMVEN VE

Weil Germany, lamaning
Fluka (Deutschiand) GmbH
Tel: (088) 96050
TLX 0522472

FLUKE

John Fluke Mfg. Co., Inc., P.O. Box C9090, Everett, WA 98206
Fluke {Holland) B.V., P.O. Box 5053, 5004 EB, Tilburg, The Netherlands. Phone (013) 673973
Litho in U.S.A. 1/83
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