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SECTION |

INTRODUCTION AND SPECIFICATIONS

1-1. INTRODUCTION

1-2.  The Fluke Model 893A and AR AC-DC Differ-
ential Voltmeters provide conventional or differsntial
measurements of ac voltages from one millivolt to 1100
volts ac and de voltages from 10 microvolts to 1100 volts
dc, Conventional {TVM) measurements are made with
an accuracy of £3% of the selected range to initially
determine the magnitude of the measured voltage. The
differential {NULL) mode is then used with an improved
aceuracy of up to 250% over that of the conventional
mode to determine the exact value of the measured volt-
age. One linear meter-scale greatly simplifies all
measurements made with the Iostrument. Whenever the
ingtrument is operated on the differential mode, an in-
line digital readout representing the magnitude of the
measured voltage is availlable from the front panel Read-
out dials.

1-3. Two versions of the instrument are available and
are identified as the Model 893A or Model 853AR. The
Model B93A is a portable unit, half-rack in width, with
a tilt-down carrying handle. This handle detents into
the instrument's feet to serve as a tilt-bale during
bench~top use of the instrument. The Model 883AR is
also a portable unit, but is of proper width for instal-
lation in a standard electronic equipment rack. Car-
rying of this instrument is provided by two front panel
handies. A tilt-down bale located on the bottom of the
instrument facilifates bench-top use of the instrument,

1-4. A rechargeable battery and recorder output op-
tions are alse available for either version of the instru~
ment. These options can be instalied at the factory,
upon request, or in the field. Option Kit 8934-7001
comprises the rechargeable battery pack and, when in-
stalled in the instrument, is identified as the ~01 option
on the rear panel decal, Option Kit 803A-7002 com-

prises the recorder output and, when installed in the
instrument, is identified as the -02 option on the rear
panel decal.

1-5. ELECTRICAL SPECIFICATIONS
1-6. DIFFERENTIAL VOLTMETER
. 2
DC ACCURACY e A/ 7o
+(0. 01% of input +0. 001% of range +10 uv) from G to 1100
volts de at 23°C £2°C with up to 80% relative humidity.

£{0. 02% of input +0. 601% of range +10 uv) from ¢ to 1100
volts do at 10°C to 40°C (50°F to 104°F) with up to 70%

.relative humidity,

&
AC ACCURACY P4 Yo i
At 23°C £2°C with less than 70% relative humidity:
50 Hz to 10 kHz
0. 001 to 500 volts ac
500 to 1100 volis ac

#{0. 05% of input +25 wv)
+0. 1% of input

At 10°C to 40°C with less than 70% relative humidity:
3 Hz to 10 Hz
0.001 to 1100 volts ac x(1% of input +250 uv)
10 Hz to 20 Hz
0. 001 to 1100 volis ac  =(0.5% of input +100 uv)
20 Hz to 50 Hz
¢. 001 to 1100 volts ac (0. 15% of input +25 uv)
50 Hz to 20 kiiz
0. 001 to 110 volts ac
110 to 1100 volts ac

(0. 1% of input +25 uv)
0. 15% of input

20 kHz to 50 kH=z

0. 001 to 110 volis £(0, 15% of input +25 uv)

1-1
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50 kHz to 100 kHz
0.1 te 110 volts ac

£0.5% of input
INPUT AND NULL VOLTAGE RANGES

INPUT RANGES DC NULL RANGES

1 0.001, 0.01, 0.1
10 0.001, 0.01, 0.1, 1.0
100 0.01, 0.1, 1.0, 10
1060 0.1, 1.0, 10, 100
INPUT RANGES  AC NULL RANGES
1 0.001, €.01, 0.1
10 0,01, 0,1, 1.0
100 0.3, 1.0, 10
1000 1.0, 10, 100

DC INPUT RESISTANCE
Iifinite at null from 0 to 1100 volts de.

AC INPUT IMPEDANCE
One megcohm shunted by less than 20 pf on all ranges.

OVERRANGE
10% overrange capability on each range.

METER RESOLUTION

1¢ microvolts maximum resolution.

1 ppm of range for dc ranges above one volt.

10 ppm on the one volt de range and all ac¢ ranges.

READOUT DIAL RESOLUTION
10 microvolts maximum {10 ppm of range).

1-7. CONVENTIONAL VOLTMETER {TVM)

DC VOLTMETER ACCURACY
+3% of range.

AC VOLTMETER ACCURACY
5 Hz to 20 kHz
0.001 to 1100 volts ac  +3% of input
20 kHz to 100 kHz

0,001 to 110 volt ac 3% of input

BC INPUT RESISTANCE

RANGE INPUT RESISTANCE - Megohms
1000 100
100 100
10 100
Iy 100
*0,1-0-0.1 100
*0.01-0-0.01 10
*G, 001-0-0. 001 10

*These ranges obtained using null ranges with Readout
dials set to zero.

AC INPUT IMPEDANCE
One megohm shunted by less than 20 pf on all ranges.

OVERRANGE
10% overrange capability on each range.
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1-8. GENERAL SPECIFICATIONS

ELECTRICAL SPECIFICATIONS
Completely solid-state

INPUT RESISTANCE OF NULL DETECTOR
10 megchms on the 0. 01 and 0. 001 volt ranges and 100
megohms on all other ranges.

REFERENCE ELEMENT
Temperature compensated zener diodes,

REGULATION OF REFERENCE SUPPLY
0. 0005% for a 10% line change.

REFERENCE VOLTAGE STABILITY (Peak-to-Peak)
10 ppm per hour

20 ppm per day

40 ppm per month

80 ppm per year

KELVIN-VARLEY DIVIDER AC.CUHACY
+0. 005% of readout dial setting above 1/10 of full-scale.

RECORDER OUTPUT

Available as the -02 option, adjustablie from 0to x0.2
volts for an end-scale meter deflection. Low side
grounded and loading does not effect deflection accuracy.

POLARITY
Reversible with {ront panel control.

WARM-UP TIME
Less than one minute.

DC COMMON MODE REJECTION
120 &b {1 uv/volt of common mode voliage) for maximum
of 500 volts,

AC COMMON MODE REJECTION

Up to 100 volt peak-to-peak, 50 to 500 Hz signal, pro-
duces no measurable instrument error for dec measure-
ments.

INPUT POWER

115/230 volts ac, 50 to 500 Hz, at approximately four
watts for line operation and approximately eight watis
when recharging batteries on the -01 option equipped
ingtruments. Minimum of eight hours operation on fally
charged batteries of the -01 option equipped instru-
ments,

I-9. ENVIRONMENTAL SPECIFICATIONS

OPERATING TEMPERATURE RANGE

Within de accuracy specifications from 10°C to 40°C
{50°F to 104°F}, derated at 15 ppm/°C ocutside these
Hmits to 0°C and 50°C (32°F and 122°F).

Within ac accuracy specifications from 10°C to 406°C
(50°F to 104° F), derated at 40 ppm/°C outside these
limits to 0°C and 50°C (32°F and 122°F).

HUMIDITY
Within all specifications up to 80% relative humidity be-
low 25°C, '
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Within all specifications up to T0% relative humidity a-
bove 25°C.

STORAGE TEMPERATURE RANGE
Model 893A/AR -40°C to T0°C (-40°F to 158°F)
Model 893A/AR-01 -40°C to 60°C (-40°F to 140°¥F)

SHOCK AND VIBRATION

Meets MIL-T-9454.,

1-10. MECHANICAL SPECIFICATIONS
S1ZE

Model 893A

See Figure i-1

Model 893AR
See Figure 1-2

WEIGHT
Model 893A
Approximately 12 pounds

Model 893AR
Approximately 12 pounds

Option -01 {Option kit 843A-7001)
Approximately 2 pounds

Option -02 {Option kit 883-7002)
Approximately 0.3 pounds

OPTION KIT 893A-7001
Provides rechargeable battery pack for installation in
either version instrument.

OPTION KIT B93A-T002
Provides a recorder output for installation in either ver-
sion Instrument.
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SECTION [

2-1. INTRODUCTION

2-2, This section of the manual contains information
necessary for you to effectively operate your Model 883
AC/DC Differential Voltmeter., I is recommended that
vou thoroughly read and understand this section of the
manual before attempting to opersate your instrument.

2-3. Should any difficulties be encountered during
the gperation of your instrument, please feel free to
contact your nearest John Fluke Sales Representative
or write directly to the John Fluke Mig. Co,, Inc.,
P.O. Box 43210, Mountlake Terrace, Wn, 98043, with a
statemnent of your problem. A complete list of Sales
Representatives is contained at the rear of this manual.

2-4. OPERATING FEATURES

25, All of the controls, terminals, and indicators
for the Model 883A and the Model 893AR are illusirated
and described in Figure 2-1 and Figure 2-2,

2-6. OPERATION FROM 115/230 VOLT
AC POWER LINES

2-7, The Model 893 may be operated from either g
115 or 230 volt ac power line., The input power trans-
former primary is composed of two windings which,
when connected in paraliel, allows the instrument to be
operated from a 115 volt ac power line or, when the
windings are connected in series, allows the instru-
ment to be operated from a 230 volt ac power line,

2-8. A rear panel 115/230 slide switch (§5) provides
the necessary power transformer primary winding con-
nections when placed to the desired 115 or 230 volt
position.

2-9. PRELIMINARY OPERATING PROCEDURES

2-10, Comnect the Mcdel 893 power cord to available
line power. If your instrument does not contain the
-01 option, perform only step a. H your igstrument
contains the -01 option, perform steps a through ¢,

WARNING!

The instrument case is connected to the
round pia of the three-prong conanector
located on the power cord. Whenever the
instrument is operated from ac line power,
ensure that this round pin is connected to
a high quality earth ground.

a. Place the instrument controls as foliows and allow
at least cne minute of circuit stabilization before
attempting any measurements,

2/10/75

PERATING INSTRUCTIONS

POWER ON/LINE OPR
RANGE 1000

NULLS SENS TVM

MODE +

Readout dials 000, 00

Uste!

The Readout dial labeled 00 in the preceding
step, represents the extreme right-hand
vernier dial.

b. Place the -01 option equipped instrument POWER
switch fo BAT CHK, observing that the meter needle
deflects to the leff of the -. 2 volt increment. If
the batieries are adequately charged, the instru-
ment can be operated on battery power by placing
the POWER switch to either BAT OPR or BAT
OPR/LINE ISOL. To completely isolate your in-
strument from the line power ground, disconnect
the power cord from line power.

¢. If the BAT CHK tegt results in a deflection of less
than . 2 volts on the meter, place the POWER switch
0o BAT CHG and operaie the instrument from line
power until the batteries are adequately charged.
All measurements can be performed during recharpg-
ing of the batteries. BShould the batteries fail the
BAT CHK test after 16 hours of recharging, replace-
ment of the batteries may be necessary. Refer to
Section IV, paragraph 4-19 and 4-20 for battery re-
placement instructions.

Yeote!

Battery manufacturers recommend that nickel-
cadmium batteries should not bestored for
extended periods of time without recharging
at least every 80 days. Storage temperatures
below 250C are recommended.

2-11. OPERATIONAIL TEST

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

2-13. To determine relative instrument operation,
perform the operations described in the Preliminary
Operating Procedures (paragraphs 2-9 and 2-10) and
proceed as follows:

a. Place the RANGE control o 1.

o019 A



@ METER Indicates the magnitude and polarity of the measured voltage on the TVM mode, On
the differential mode, the meter + or ~ deflection indicates that the measured voltage is
above or below the readout dial indication.

@ POWER SWITCH Controls application of input power to the instrument. When placed to the LINE OPR

position, the instrument is operated from the evailable line power, On instruments
equipped with the 01 Option, additional switch positions of BAT CHK, BAT OPR-LINE
150L, and LINE OPR-BAT CHG are included, When placed to the BAT CHK position,
the front panel meter indicates the charge condition of the battery pack, A meter
indication of at least -,2 is required before the instrument is to be operated from the
bottery power. When placed to the BAT OPR-LINE ISOL position, the insrument is
operated from battery power and the power transformer is completely disconnected from
line power, However, to completely isolate the instrument circuitry from power fine
ground, the line power cord must be disconnected. When ploced to the LINE OPR-BAT
CHG position, the instrument is operated from line power and the battery puck is being
charged,

NULL SENS SWITCH

Provides selection of the TVYM mode of operation and selection of the various full- scale
nutl defector sensitivity ranges when the Instrument is operated on the differential mede.

RANGE SWITCH

Allows selection of the desired input voltage ronge of the instrument, while at the same
time simultanecusly positioning the readout dial decimal point and selecting the avail~
able ranges of the NULL SENS switch.

READQUT DIALS

Provide an in-line digital readout of the measured voltage when the instrument is
operated on the differential mode.

® @ ©

MODE SWITCH

Selects the AC or DC mode of operation. This swiich should be placed to the + position
on the DC TVM mode. The + positions provide a meaus of reversing the internal refer-
ence supply voltage on the de differential mode.

2-2
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Figure 2-1, THE MODEL 893A CONTROLS, TERMINALS, AND INDICATORS (Sheet § of 2)



VI

GROUND TERMINAL

Provides for connection to eorth ground, provided of course that the line cord is connect-
ed fo availeble line power,

INPUT TERMINALS

Provide connection te the measured voliage source,

@& ©

MECHANICAL
ZERO CONTROL

Allows mechanical zeraing of the meter.

Figure 2-1. THE MODEL 893A CONTROLS, TERMINALS, AND INDICATORS (Sheet 2 of 2}

A\

©

MODE SWITCH

Salects the AC or DC mode of operation, This switch should be placed to the + position
on the DC TYM mode. The = positions provide a means of reversing the internal refer-
ence supply voltage on the dc differential mode.

READOUT DIALS

Pravide on in-line digital readout of the measured voltage when the instrument is
operated on the differential mode.

OO,

POWER SWITCH

Conttals application of input power to the insturment, When placed to the LINE OPR
position, the instrument is operated from the aveilable line power. On instruments equip~
ped with the 01 Option, additional switch positions of BAT CHIK, BAT OPR-LINE ISOL,
and LINE OPR-BAT CHG are included. When placed te the BAT CHK position, the front
panel meter indicates the charge condition of the battery pack, A meter indication of at
feast ~.2 is required before the instrumeni is to be operated from the buttery power.
When placed to the BAT OPR~LINE ISOL position, the instrument is operated from battery
power and the power transformer is completely disconnected from line power. However,
to completely isolate the instrument cireuitry from power line ground, the line power cord
must be disconnected, When placed to the LINE OPR-BAT CHG position, the instrument
is operated from the line power and the battery pack is being charged.

NULL SENS SWITCH

Provides selection of the TVM mode of operation and selection of the various full-scale
null detector sensitivity ranges when the instrument is operated on the differentiai mode.

RANGE SWITCH

Allows selection of the desired input voltage range of the instrument, while af the same
time simultaneocusly positioning the readout dial decimel point and selecting the avail-
able ranges of the MNULL SENS switch.

MECHANICAL
ZERQ CONTROL

Allows mechanical zeroing of the meter,

GROUND TERMINAL

Provides for connection to earth ground, provided of course thai the line cord is connect-
ed to aveilable Hine power,

® Q @ O

INPUT TERMINALS

Provide connection fo the measured voltage source.

Figure 2-2. THE MODEL 893AR CONTROLS, TERMINALS, AND INDICATORS (Sheet 1 of 2)
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 MErER

Indicated the magnitude and polarity of the measured voltage on the TVM mode., On the
differentic] mode, the meter+or-deflection indicotes that the measured voltage is above
or below the recdout dicl indication.

Figure 2-2. THE MODEL B93AR CONTROLS, TERMINALS, AND INDICATORS (Sheet 2 of 2)

b. Touch the HI INPUT terminal and the chassis of the
instrument with your hand, observing that the meter
pointer deflects to the right or left.

c. Place the MODE switch to the -DC position and re-
peat step b. The meter pointer should deflect in the
opposite direction by approximately the same a-
mount observed in step b, Place the MODE switch
to the +DC position upon completion of this step.

d. Remove the shorting strap from between the LO and
ground INPUT terminals and connect the strap be-
tween the HI and L.O INPUT ferminals.

e, Periorm the Readout dials versus NULL SENS
checks of Figure 2-3, observing that the meter
pointer indicates -1 for each particular eheck.

READOUT DIALS NULL SENS
. 000X . 001
. 00100 . 001
. 01000 .01
. 10000 1

Figure 2-3. READQUT DIALS VERSUS NULL SENS CHECKS

f. Place the Readout dials and NULL BENS switches
to their respective . 10000 and . 1 positions, observ-
ing that the meter pointer indicates -1.

g. Retaining the control positions of step f, place the
RANGE switch to each available position, cbserving
that the meter pointer-indicates -1 in all positions
of the RANGE switch,

h. Place the Model 893 controls to the following posi-

tions:
POWER ON/LINE OPR
RANGE 1
NULIL SENS . 001
MODE AC
Readout dials 000, 00

i. Touch the HI INPUT terminal of the Model 893,
observing that a deflection is obtained on the meter.

2-14. If the resulis of the Operational Test agree with
information given, it can be assumed that the instru-
ment is operating properly and measurements of ac and
de voltages can now be performed.

2-15. OPERATING NOTYES
2-16. GROUND LOOP CURRENTS

2.1, A potential difference often exists between di-
ferent points of power system grounds. Consequently,

2-4
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current may flow from one power system ground through
the volimeter and the voltage source being measured to
ancther power system ground during the measurement
process. These ground loop currents should be avoided
as they generate voltages that degrade measurement ac-
curacy. To prevent these ground loop currents, when
the system being measured is grounded, remove the
shorting strap between the LO INPUT terminal and the
ground terminal of the Model 893 or, if your instrument
is equipped with the -01 Option, operate the instrument
from battery power with the line cord disconnected from
line power.

2-18. COMMON MODE VOLTAGES

2-19. Great care has been taken in the design and con-
struction of this instrument fo isolate the circuitry from
chassis ground 10 reduce common mode measurement
errors caused partly by leakage currents. Accurate
dc measurements can be made in the presence of com-~
mon mode voltages up to 500 volts de or ac voltages up
to 100 volis peak-to-peak at 50 to 500 Hz. I the com-~
mon mode voltage is greater than 50 volts, the meas-
urement should be made several minutes after the
equipment comnections for best accuracy due to the time
required to charge the stray capacitance through the
extremely high leakage resistance to grouad,

2-20. USE OF SHORTING LINK

2-21. The INPUT ground terminal is directly connected
to the chassis of the instrument to provide a convenient
connection to earth ground whenever the line cord is
connected {o line power. Whenever measurements of
voltages having a reference other than ground, ba not ex-
ceeding 500 volts, are performed, the shorting link be~
tween the LO INPUT and ground terminal must be re-
moved or damage to the measurement source, the Model
883, or both may occur,

2-22, DC DIFFERENTIAL OFF-NULL INPUT RE-
SISTANCE

2-23. Inpul resistance of the Model 893 is infinite at
null during de differential measurements because no
current flows between the measured source and the in-
ternal reference supply of the instrument. However,
a small carrent does flow between the measured source
and the imternal reference supply whenever the instru-
ment is not exacily nulled. For example, when the
meter deflection is 10% of full-scale on the 0. 001 voit
NULL SENS range, the input resistance of the instru-
ment is 10+ ohms per volt of the measured input volt-
age or 1012 ghms for an input measured voltage of 10
volts dc. A graph of these apparent off-null input re-
sistances is contained in Figure 2-4,
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2-24. TVM MODE OPERATION

2-25. The Model 893 can be used on the TVM mode to
measure ac voltages from one millivolt to 1100 volts ac
or dc voltages from 10 microvolis to 1100 voits de with
an accuracy of £3% of the selected range. To operate
the instrument on the TVM mode, periorm the opera-
tions outlined in the Preliminary Operating Procedures
{paragraphs 2-9 and 2-10) and procead as follows:

a. Place the MODE switch to the AC or +DC position
that corresponds to the measurement source.

b. Connect the circuit to be measured between the HI
and LO INPUT terminals., H one side of the voliage
source ig grounded, connect the grounded side to
the LO INPUT terminal.

c. Place the RANGE switch to the lowest range pos-
gible that maintains an on-scale meter deflection.
The meter deflection multiplied by the RANGE
switch position is the value of the measured voltage.
Left or right meter deflection during dc measure-
ments corresponds to a negative or positive polar-
ity of the measured dc voltage.

d. Measurement of ac or dec voltages from 0.02t0 0. 1
volis is accomplished on respective NULI: SENS
switch positions of 0. 001 to 0.1. In this applica-
tion, the RANGE switch is placed to the 1 VOLT
range and the Readout dials to . 000 00. The re~
sulting meter deflection muliiplied by the NULL
SENS switch position is the value of the measured
voltage.

2-26. DIFFERENTIAL MODE OPERATION

2-27. An improved accuracy of up to 2560 times over
that of the TVM mode is obtained when the instrument
is operated as a differential volimeter. To operate the
instrument as an ac or dec differential voltmeter, pro-
ceed as follows:

a. Determine the approximate value of the measured
voltage by performing the TVM mode measurements
described in paragraph 2-9 and 2-10.

b. Place the MODE switch to the respective dec polar-
ity observed on the TVM mode measurement and set
the Readout dials to the TVM measurement value.
If an ac measurement is being made, leave the
MODE switch in its AC position.

¢. Place the NULL SENS switech to successively high
null sensitivity positions and adjust the Readout
dials to obtain a center-zero meter deflection.

CAUTION!

Whenever the NULL SENS switch ig placed
to a position other than TVM on the dc meas-
urement mode, a voliage corresponding to
the Readout dial indieations is present be-
tween the HY and LO INPUT terminals. A
personnel hazard does not exist as the
source resistance is 90 megohms on the
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100 and 1000 volt ranges, however, this
potential can damage high inpul impedance
semiconductor devices such as field effect
transistors.

d. The Readout dial digit indications correspond to the
magnitude of the measured voliage. I dc measure-
ments have been performed, the MODE switch po-
sition indicates the polarity of the measured de
voltage.

2-28. OPTIONAL RECORDER QUTPUT CPER-
ATION

2-28, Instruments equipped with the -02 option provide
an isolated recorder output volfage which is available
at the rear panel terminals. The recorder ouiput de
voltage is adjustable from zero to x0.2 volis de for a
full-scale meter deflection and is used to drive a center-
zero recorder. To utilize the recorder output voltage,
proceed as follows:

. Connect the recorder to the rear panel RECORDER
QUTPUT terminals,

Yoite!

The LO RECORDER OQUTPUT terminal is
connected to chassis ground of the Model
893, If a ground reference is undesirable,
operate the Model 893 on battery power with
its line cord disconnected from line power.

b.  Turnthe recorder on and place the Model 303 con-
trols to the following positions:

POWER ON/LINE-OPR
RANGH 16

NULL SENS 1

MODE : +DC

Readout dials 1.00 00

¢. Connect the shorting link between the HI and LO
INPUT terminals and adjust the RECORDER OUT-
PUT LEVEL control for the desired left full-scale
indication on the recorder. The left full-scale
meter is now plotted and from this information the
right full-scale point can be determined.

d. Remove the shorting link {rom between the HI and
IO INPUT terminals and proceed with the desired
measurement. The external recorder will now re-~
cord all meter excursions of the Model 893,

2-30. APPLICATIONS
2-31. INTRODUCTION

2-32. The Model 8893 AC DC Differential Voltmeter,
because of its calibrated meter end-scale and high de
mode input impedance, can be used in many special
applications. These applications, to mention a few, are;
measurement of ac or de voliage exeursions about a
neminal value, measurement of extremely high resist-
ances, operation as a dc null detector, and measure-
ment of DBM.

2-8
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2-33. MEASUREMENT OF VOLTAGE EXCURSIONS
ABOUT A NOMINAL VALUE

2-34. Whenever the instrument is operated on the dif-
ferentizl mode, the meter end-scale is calibrated to be
a known veltage by the position of the NULL SENS
switch, thus allowing rapid determination of any volt-
age excursions about & nominal value. For example,
by selecting a null sensitivity of . 1 with the RANGE
switch on any voltage range, the full left or right scale
meter deflection represents £0, 1 volts deviation from
the Readout dial settings. To measure voliage excur-
sions about a nominal value, proceed as follows:

a. Perform the Preliminary Operating Procedures of
paragraph 2-9 and 2-10.

b. Determine the nominal value of the ac or dc volt-
age being measured, using the TVM mode on the
Model 893. Refer to paragraphs 2-24 and 2-25 for
the TVM mode operating procedures.

c¢. Place the Readout dials to the nominal value of the
vollage measured in step b and select the desired
full-scale meter sensitivity with the NULL SENS
switch. The voltage excursions about the Readout
dial settings can now be determined by the left or
right meter deflections.

2-35., MEASUREMENT OF EXTREMELY HIGH RE-
SISTANCES

2~-36. The Model 893 can be used as a megohmmeteg
for measurements of high resistances from 10 to 10
megohms with a typical accuracy of £5%. To operate
the instrument as a megohmmeter, perform the Pre-
liminary Operating Procedures described in paragraphs
2-9 and 2-10 and proceed as follows:

a. Place the Model 893 controls to the following posi-

tions:
POWER ON/LINE OPR
RANGE 10
NULL SENS .01 (001 i the R is

greater than 1019)
MODE +DC
Readout dials 0.00 00

Yote!

The 10 volt range has been used cnly as an
example in step a. Other voliage ranges
may be used to provide high resistance
measurements at different voltage levels.

b. Connect the unknown resistance between the HI and
LO INPUT terminals. Use short isclated leads to
prevent measuring the leakage resistance between
the leads.

¢. Rotate the Readout dials fo obtain a meter deflec-
tion of -1 and use the following calculations to de-
termine the value of the unknown resistance.
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DC SOURCE

7

SOQURCE

Ry and Ry, less than 500K

Figure 2-5, BRIDGE DETECTOR - FLOATING SUPPLY
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R, = Unknown resistance

Ryg= Null detector input resistance of 10 megohms
for NULL SENS settings of . 01, Null detec-
for input resistance is 100 megohms on all
cther settings.

E,., = Readout dial voltage

E,, = Meter deflection in volts {Proportional to se-
lected NULL SENS),

2-37. OPERATION AS A NULL DETECTOR

2-38. The Model 893, because of its high input im-
pedance on the de differential mode, can be used to
monitor small voltage differences in bridge circaits,
potentiometers, and other measuring devices. In most
of these applications, the circuits are adjusted for a
zero deflection or null on the Model 883. Equipment
connections for two types of null detector configurations
are illustrated in Figure 2-5 and 2-6, 'To operate the
instrument as a null defector, perform the Preliminary
Operating Procedures deseribed in paragraphs 2-9 and
2-10, and proceed as follows:

a. Select the desired equipment applications Hlusirated
in Figure 2-5 and 2-6 and make the appropriate
connections.

b. Place the Model 893 MODE and NULL SENS switches
to the +DC and desired null detector sensitivity

Figure 2-6. BRIDGE DETECTOR -FLOATING NULLDETECTOR

positions, respectively. Adjust the circuit being
measured for a zero or null deflection on the Model
893.

2-39, MEASUREMENT OF DBM

2.40, The Model 893, when operated on either the TVM
or Differential AC mode, can be used ag an oufput
meter, For this application, the oulput to be measured
must be terminated into a 600 ohm load and the Model
893 INPUT connected across the 600 ohm load. The
Model 893 is then operated on the TVM or Differential
AC mode and the regulting deflection or Readout dial
indication converted to DBM using the information con-
tained in Figure 2-7. For DBM measurements above
one volt ac, multiply the voltages listed in Figure 2-7
by ten for each range and then add 20 DBM for each
range.

INDICATED VOLTAGE DBM LEVEL FOR 1 VOLT
RANGE (1 mw into 600Q)
. 0975 -18
L1227 ~16
. 1545 -14
. 1846 -12
. 2450 -10
. 3088 -8
. 3897 -6
. 4887 -4
. 6150 -2
L7746 0
. 9762 +2
Figure 2-7. 1 VOLT RANGE DBM CONVERSIONMN TABLE
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SECTION i

THEORY OF OPERATION

3-1.  INTRODUCTION

3.2, The theory of gperation for the Model 893 AC-DC
Ditferential Voltmeter is contained in this section of the
mamul, A block diagram analysis is used to functionally
describe the overall cperation of the instrument which is
then foilowed by a detailed circuit description of each
particalar block section. The functional block diagram is
llustrated in Figure 3-1 and the schematic diagram is
contained at the rear of the manual,

3-3. BLOCK DIAGRAM ANALYSIS

3~4, INTRODUCTION

3-5., The Model 893 circuitry is comprised of a refer-
ence supply, a Kelvin-Varley divider, a dc input divider,
an ac converter, a null detector, a meter, and optional
recorder output. This circuitry is interconnected by
various switching arrangements when performing the
desired ac or de conventional or differential voltage
measurements,

3-6, CONVENTIONAL TVM MODE

3-7.  When the instrument is used as a conventional
transistorized de voltmeter, the circuiiry is connected
as illustrated in Figure 3-1. The input divider is con-
nected across the Input terminals of the instrument to
provide a constant input impedance of 100 megohms on
all ranges, With a full-scale input voltage applied to the
input of the instrument, the selected tap of the input divid-
er provides a de input voltage of £ one millivoll to the in-
pui of the null detector which drives the front panel meter.
Gain of the null detector is precisely conirolled by the
negative feedback network and provides a full-scale meter
deflection for any full-scale input. Positive or negative

voltage measurements are facilitated by reversing the
meter ferminals through the contacts of the MODE gwitch,

3-8. By placing the MODE switch of Figure 3-1 to the
AC position, the instrument circuitry is connected as a
conventional transistorized ac voltmeter., The resistor
R12 and the ac converfer are connected across the input
ferminals of the instrument and provide a constant input
impedance of one megohm on all ac voltage ranges. The
ac converter is an operational amplifier driving a full-
wave detector whose overall gain is controlied by the neg-
ative feedback network selected with the RANGE switch.
A full-scale input voltage at the input terminals of the
instrument resulls in an ac converter output vollage of
one volt de which is applied to the input of the null detec-
tor. The null detector, whose gain is precisely con-
trolled by the negative feedback network, drives the front
panel meter which indicates the magnifude of the measured
ac voltage.

3-9. DIFFERENTIAL NULL MODE

3-10., When the instrument is used as a dc differential
voltmeter, the MODE and NULL SENS switches of Fig-
ure 3-1 are placed to their respective +DC and the desired
full-gscale meter sensitivity positions., On this mode of
operation, the NULL SENS switch selects a suitable re-
sistance value from the input divider resistors to deter-
mine the meter full-scale sensitivity and also applies
the Kelvin-Varley divider output to the common input of
the null detector. The dc input voltage applied to the
instrument is then compared by the null detector to the
Kelvin-Varley divider output voltage and any resulting
difference used to drive the meter. Any right or left
meter deflections correspond to an input voltage above or
below the Kelvin-Varley divider output voltage. The
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Kelvin-Varley divider voitage polarity and the meter ter-
minals can be reversed through the contacts of the MODE
switch for + dc voltage measurements.

3-11. By placing the MODE switch of Figure 3-1 to the
AC position. The instrument circuitry is connected as
an ac differential volimeter having an input impedance
of one megohm. The ac converter operates in the
same manner as on the AC TVM mode and supplies
a full-scale input voliage of one volt de to the de meas-
urement circuitry. The remaining civcuitry operates
similar to the de differential mode with the only dif-
ference being the absence of the polarity reversal
gswitching,

3-12. OPTIONAL RECORDER QUTPUT

3-13. The optional recorder output provides isolation
between the midl detector output and recorder output. The
nuil detector output voltage is modulated by a 3 kHz drive
signal derived from the reference supply. The modulated
signal is transformer coupled to a demodulator driven at
the same 3 kifz rate as the moduolator, The signal is then
demodulated, and the resulting de voltage applied through
a variable resistor to the recorder ouiput terminals. The
variable resistor provides adjustment of the full-gcale
recorder output vollage,

3-14. CIRCUIT ANALYSIS

3-15. INTRODUCTION

3-16. The circuitry contained in the Model 883 is com-
prised of a power supply/battery charger, a reference
amplifier and a reference inverter, a Kelvin-Varley divid-
er, an ac converter, a mull detector, an optional recorder
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output, a meter, a dc input divider, and RANGE, NULL
SENS, MODE and POWER switches. These circuits will
be described in detail in the following paragraphs using
simplified circuit diagrams in addition to the functional
schematic diagrams located at the rear of the manual,
3-17. POWER SUPPLY/BATTERY CHARGER

3-18. The input power transformer T1 receives 115 or
230 volts ac through the contacts of the POWER switch
52BR-2. The primary of Tl is constructed in such a
manner as to allow the instrument to be operated from
115 volts ac, windings in parallel, or 230 volts ac, wind-
ings in series. Switch 85 performs the required 115 or
230 volt ac power counections in the primary of T1. Fuse
F1 proiects the circuitry from overloads., The secondayy
of T1 has four taps which supply ac voltages to the power
supply and battery charger. The ac voltage present at
pins 8 and 10 are full-wave rectified by diodes CR1 and
CR2 and capacitors C1 and C2 located on the A2 Reference
Amplifier Assembly.

3-1%. On instrurments eguipped with the ~01 option, the
ac voliage present af ping 9 and 11 of Tl is fullwave rec-
tified by diodes CR3 and CR4 and applied across R9 and
BT1. When the POWER switch is placed to the BAT CHG
position, the cortacts of S2B¥ by-pass the resistor R9 to
provide a maximuam charge current for BT:. The lamp
D81 functions as a ballast {o limit charging current at an
optimum value for rapid charging of BT1. Resistor RS
is placed in the circuit on all other POWER switch pos-
itions to provide trickle-charging of BT1 when the instru-
ment 15 operated from line power. Checking of BT1 is
provided when the POWER switch is placed to the BAT
CHK position. Switches S2BR-1, S2BR-2, S2BF, S2AF,
and S2AR provide the necessary circuit connections that
remaove the ac voltage applied to T1 and place the meter
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in series with A2R4. The meter and A2R4 are also placed
in paraliel with the series-pass transistor A2Q2 with the
POWER switch, thus providing a check of BT1 under an
actual joad condition.

3-20. THE REFERENCE SUPPLY

3-21. GENERAL. Reference vcltages of 1.1, 11, 110,
and 1100 volts de, upon which the stability of the instru-
ment relies, and a 3 kHz output signal are produced by
the Reference Supply. The circuitry of the Reference
Supply consists of two regulator stages and a de-de con-

verter., A block diagram of these circuits is illustrated
in Figure 3-2.
3-22. BLOCK DIAGRAM DESCRIPTION. The dc to de

converter regulator provides a pre-regulated voltage
to the zener current regulator and a regulated voltage
to the de to de converter, The zener current regulator
provides a closely regulated dc current for the refer-
ence zener diodes of CR3 and CR4 from which the 1.1
and 11 volt de reference voltages are derived. These
same zener diodes also provide a stable reference
voltage for the de to de converter comparison ampli-
fier. The de to de converter produces the 110 and 1100
volt de reference voltages and a 3 kHz drive signal.
The reference divider junction provides a sample of
the 110 and 1100 volt de reference voliage to the dc to
de converter comparison amplifier which controls the
input de voltage to the de to dec converter. Conse-
quently, a stable 110 or 1100 volt de reference voltage
related to the zener reference voltage is obtained. The
3 kHz drive signal is used to produce operating voltages
for muil detector, ac converter, and optional recorder
output circuits.

3-23. CIRCUIT DESCRIPTION, The unregulated dc
voltage from the power supply or the de output voltage
of the baftery pack is applied to terminal 3 of the Ref-
erence Amplifier Assembly. This voltage is used to
provide an input de voltage to the de to dec converter
regulator circuitry. Initizl turn-on of the de to de
converter regulator circuitry is accomplished with the
circuitry comprised of AZR1, CR1, CRZ, CRb and
Q4. The voltage developed at the junction of R and
CRb forward biases CR1 and transistor Q4. Conduction
of Q4 is initiaily through the low impedance path of CR2,
thus providing a de input voltage fo the zener current
regulator. The resulting zener reference voltage biases
the comparison amplifier circuitry of @3, @b, and Q6
into conduction. As the de to de converter regulator
output approaches the nominal +18.5 volt dc level, di-
odes CR} and CR2 are reversed biased, disconnecting
the furn~on circuitry from the regulator circultry.
Transisior @4 then functiong as a buffer amplifier be~
tween the series-pass driver Q1 and the comparison
amplifier output from Q5.

3-24. The zener current regulator circuiiry is com-~
posed of transistors QT through Q8, zener dicdes CR3
and CR4 and associated resistors, Transistor Q7 is
the series-pass element while resistor R13 provides
starting current to initially furn-on the reference ele-
ments of CR3 and CR4, The resistive network of R17
through R19 form a divider across the output of the
zener current regulator and provides a sample of its
ouiput voltage to the base of Q9. Resistor R19 provides
adjustment of the oufput voliage of the zener current
regulator. Transistors Q8 and Q9 comprise a differ-~
entially connected comparison amplifier with the zener
voltage of CR3 and CR4 providing a reference at the
base of Q8. This reference voltage has a very low
temperature coefficient from which the instrument
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derives its measurement stability. The output of the
differential connected comparison amplifier controls
the conduction of the series-pass transistor Q7 and
determines the ouiput voltage of the zener current reg-
ulator, This output voltage establishes a fixed current
through the zener diodes of CR3 and CR4. Two resistive
dividers comprised of R26 through R31 and R32 through
R38 are connected across the zener diodes of CR3 and
CR4. The divider composed of R28 through R31 is used
to provide a reference voitage to the de o de converter
comparison amplifier Q3. The divider composed of
R32 through R36 is used to produce the 1.1 and 11 voit
dc reference voltage applied to the Kelvin-Varley divider
on the 1 and 10 volt ranges of the instrument., Variable
resistor R26 provides adjustment of the de to de con-
verter regulator output voltage while R33 and R35 pro-
vide adjustment of the 1.1 and 11 voll de reference
voltages,

3~25. The de io de converter regulator circuitry is
comprised of transistors Q1 through Q8 and associated
registors and capacitors. Transistor @2 is the series-
pass element whose conduction is controlled by the
series-pass driver @1 and the two differentially con-
nected comparison amplifiers of @3, Qb and 6. Tran-
sistor Q3 receives a reference voltage through R25
from the previously deseribed zener current regulator,
A sample of the Reference Inverter Assembly dc ocut-
put voltage present at terminal 8 is developed across
R21 and R22 and applied to the other base @3. Tran-
sistor Q3 compares the sample of the Reference In-
verter Assembly output voltage to the zener reference
voltage and amplifies any resulting difference. Tran-
sistors Q5 and Q6 comprise the second stage of the
comparison amplifier and amplify any resulting voltage
difference detected by Q3. The oulput of Q5 is applied
to the series-pass driver QI through the common-base
buffer Q4. The series-pass driver conirols the base
current of Q2 which in turn determines the output voltage
of the de to de converier regulator and consequently,
any resulting output voifage of the Reference Inverter
Assembly,

3-26. The oulput voliage of the de to de converter
regulator is applied to terminal 3 of the Reference In-
verter Assembly. This voltage is used to provide oper-
ating voltages for the 3 kHz trangformer coupled multi-
vibrator composed of Q1, Q2 and Ti. A jow-pass filier
comprised of R1, Ct and C2 provides decoupling of any
3 kB2 variations that could be applied back to the reg-
ulator circuitry, Resistor R2 provides the dc current
to the bases of Q1 and Q2 necessary to initialiy start
the multivibrator. Diode CR1 functions as a clamper
and capacitor C1 bypasses CR1 to provide a low resist-
ance source to the bases of Q1 and Q2. Upon application
of an input dc voltage, assuming that Q1 will conduct
harder than Q2, the collector of Q1 clamps the upper
end of the center-tapped winding of T'1 to zero volts dc.
The base-~drive winding associated with R3 applies a
positive going signal to the base of Q1, driving the tran-
sistor into saturation. The lower end of the center-
tapped winding is driven to +36 volts dc by autotrans-
former action causing the bage-drive winding associated
with R4 to apply a negative going signal to the base of Q2
cutting-off the transistor. This condition will persist
for a period proportional to the flux capacity of the
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transiormer core, which in this case is approximately
150 microseconds, Af the end of this period, the volt-
ages across the transformer windings are reversed by
the collapsing lines of flux, driving transistor @1 into
cut-off and Q2 into saturation, thus establishing the
second hali-cycle of the 3 kHz signal. The resulling
3 kHz signal is then coupled to the secondary of T1
where it is used to provide drive signals and the 110
and 1100 dc reference voliages. Variable resistor
R5 provides a means of reducing any capacitive coupling
effects to the winding in the shield of T1. Inductor L1
increases the circuit switehing time to reduce higher
frequency radiation.

3-2"7, The secoandary signals of T1 that are available
at terminalg 6 through 10 of the Reference Inverter
Assembly are used to provide drive signals to the Null
Detector and optional Recorder Quiput circuitry. Two
full-wave voltage doublers in the remaining secondary
windings of T1 product the 110 and 1100 volt dc refer-
ence voltages used by the Kelvin-Varley divider, These
voitages are used on the 100 and 10000 voltage ranges of
the instrument. The full-wave voltage doubier composed
of CR3, CR4, RS and C4 through C6 produces the 110 dc
reference voltage available at terminal 2 of the Refer-
ence Inverter Assersbly, Registor R14 provides adjust-
ment of this reference voltage, The full-wave voltage
doubler composed of CR4 through CRY, RT through R11
and C7T through C8 produces the 1100 volt dc reference
voltage available at terminal 1 of the Reference Inverter
Assembly, Resistor AZR26 provides adjustment of the
resulting input voltage. A resistive divider comprised
of RY through R11 provides a load for the voltage doubler
when thigs reference voliage Is not being used and func-
fiong as a bleeder when power is removed from the
circuit. Regulation of the 110 and 1100 volt de refer-
ence voltage is accomplished by feeding a sample of the
selected reference voliage back to the de fo de converter
regulator circuitry. Switches S1AR-1 and S1AR-2
select the desired sections of a resistive divider com-
posed of R12 through R16 and the resistors R21 and R22
located in the Reference Amplifier Assembly. This
sample of the output reference voltage controls the level
of the input voltage applied to the 3 kHz multivibrator
which determines the level of the secondary voltages
of Tt and in turn controls the output level of the fuli-
wave voltage doublers used to develop the 110 and 1100
voit de reference voltages.

3-28, KELVIN-VARLEY DIVIDER

3-28, GENERAL. Continuous division of the reference
supply voltages, while presenting a constant load to the
reference supply, is accomplished with a Kelvin-Varley
divider. The divider is composed of matched fixed re-
sistors Rl through R34, irimmers R35 and R36, poten-
tiometer R37 and rotary switches S6 through S8,

3-30. CIRCUIT DESCRIPTION, Rotary gwitch S8
controls the first order division of the reference sup-
ply voltage. The first resistive divider of Rl through
R12 is arranged in 12 egual parts of 100K ohms. The
contacts of 86 connect the 200K ohm eifective resgistance
of the second divider in parallel with the gelected two
paris of the first divider, thus producing a gelected
resistance value of 100K ohms. This selected re-
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sistance value is in series with the remaining ten 100K
ohm parts of the first divider and presents a constant
joad resistance of 1, IM ohms to the reference supply.
There are eleven equal voliage steps available from
the first divider which can be selected by the rotary
switch 86. Since the reference supply culput voliage
is either 1.1, 11, 110, or 1, 100 volts dc, the rotary
switch S6 is ealibrated in 0.1, 1, 10, or 100 volt in-
crements.

3-31. The second, third, and fourth order divisions
of the reference supply voltage are provided by the
corregponding resistive dividers R13 through R23, R24
through R34, and potentiometer R37. The second and
third order dividers function in a manner similar to the
first order divider with their associated switches 87
and S8 performing the desired connections, Each of
thege dividers are composed of 11 equal value resistors,
thus providing ten equal divisions of the preceding di-
vider output voliage. Potentiometer R37 comprises
the fourth order divider which operates on the same
principle as the preceding dividers but provides a con-
tinuougly variable cutput vollage at its wiper. Re-
gsistors R35 and R36 provide the necessary trimming
registance for the fourth order divider.

3-32, The voltage appearing at the wiper of R37 is the
output voltage of the Kelvin~Varley divider. This volt-
age directly corresponds to the readout dials digit value
for the particular reference supply voltage being used.
The RANGE swiich S1AF2 selects the appropriate ref-
erence supply voltage of 1.1, 11, 110, or 1100 volts
dc corresponding to the 1, 10, 100, or 1000 volt ranges
of the instrument, The NULL swiich S3AF applies the
Kelvin-Varley cufput voltage to the null detector common
on the various null ranges of the instrument, When-
ever the instrument is operated on the TVM mode, S3AF
disconnects the cuiput of the Kelvin-Varley divider from
null defector common and connects the low input com-
mon to null detector common. Reversal of the Kelvin-

Varley oulpui voltage polarity is provided by the MODE
switches S4AF1 and S4AF2,

3-33. AC CONVERTER

3-34, GENERAL., The AC Converter changes measured
ac input voltages to de voltages that can be measured with
the de portion of the instrument., Circuitry of the AC Con-
verter consists of a transcomductance argplifier comprised
of Q1 through Q10 and the feedback networks selected with
the RANGE switch, a symmetrical half~wave detector CR3
and CR4, and the power supply CRH and CR6. A block
diagram of these circuits is illustrated in Figure 3-3.

3-35, BLOCK DIAGRAM DESCRIPTION, All operating
voltages for the AC Converter are produced by the hali-
wave rectifiers CRH and CRS6 and their associated filters,
A 3 kHz gignal derived from the Reference Inverter As-
sembly is used to drive the half-wave rectifiers. Input ac
voltages applied to the AC Converter are amplified by the
transconductance amplifier comprised of @1 through Q10.
The resulting transconductance amplifier outpud current
flows through the symmetrical hali-wave detectors which
in turn produce a full-scale output voltage of one volt de.
This dc voltage is then applied to the dc measurement
circuitry of the instrument for measurement. A voltage
proportional to the transconductance amplifier outpal
current is fed back to the amplifier input through a feed-
back network selected with the RANGE switch to establish
a high degree of gain stability and provide ac ranging for
the instrument.

3-36. CIRCUIT DESCRIPTION, The npul circuit of the
AC Converter is composed of R12 and a capacity cormpen-
sator which maintains a high bput impedance of one meg-
ohmn shunted by less than 20 pf for all ac ranges. Over-
load pratection for the AC Converter is provided by diodes
CR1 and CR2, The input stage of Q1 is a field effect
transistor (FET) utilized for #s high input impedance and
low noise features, The common-emitter stages of Q2,
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@4, G5, and Q7 provide the necessary voltage gain of the
ac input sigpal. Emiiter-follower Q6 is the dynamic load
at the amplifier output. Feedback from the emitter of
QT through Q10 stabilizes the current and voltage gain
of the amplifier. Transistors @2 and Q9 provide a low-
impedance bias voliage for their associated circuitry,
Linearity compensation at the dynamic load output is pro-
vided through @8. Loop gain of the amplifier is stabil-
ized with the filters C7, R11 and C25, R44 selecied with
the RANGE switch S8BR-2, The output signal coupled
through C12 drives the diodes CR3 and CR4 through their
cross-~over region very rapidly, thus producing very low
cross-over distortion. The signal developed across R125
is fed back to the input of the AC Converter through the
feedhack network selected with the RANGE switch 580BR-1
and causes a current directly proportional to the ac input
signal to flow through CR3 and CR4., The resulting do
voltages are then filtered by C13 and C14 and applied
through the MODE swiich 89 to the dc measurement
section of the instrument. Calibration of the ac voltage
ranges of the instrument is accorplished with the variable
resistors R20, R30, R32, R34, variable capacitors C21
and C22, and the capacity compensator located across
Riz2.

3-37. The 3 kHz drive signal applied between AT ter-
rainals 6 and 7 is half-wave rectified by diodes CRb and
CRE. The resuliing dec voltages are then reduced and
filtered with R40, R41, C23, and C24 to provide the 12
and £10 volt dc operating voltages for the AC Converter.

3-38, NULL DETECTOR
3-39. GENERAIL. The Null Detector is a chopper stabil-

ized dc amplifier using an insulated field effect transis-
tor as a chopper. DC operating voltages for the amplifier

are produced from a 3 kHz drive signal supplied by the de-
to-de converter, thus providing maxinmum isolation for
the amplifier circuitry free from power line frequency
variations and harmonics. Cireuitry of the Null Detector
consists of a power supply, an 84 Hz multivibrator, a
chopper driver, a chopper, a low-pass filter, a carrier
amplifier, a synchronous demodulator and a meter, A
block diagram of these circuits is illustrated in Figure
3-4.

3~40. BLOCK DIAGRAM DESCRIPTION, All cperating
voltages for the Null Detector circuitry are provided by
the power supply comprised of half-wave rectifiers CR3
and CR4. These £6. 8 volt dc volfages are produced from
a 3 kilz drive signal developed in the Reference Inverter.
The 84 Hz multivibrator provides chopper and demod-
ulator drive voltages at a rate asynchronous to the power
line frequency. Input de voltages applied to the null de-
tector irput are passed through a low-pags filter to reduce
any normal mode Interference and then squarewave modu~
lated at a 84 Hz rate by the chopper Q1. The chopper
driver Q11 provides a 84 Hz drive signal to the gate of
the chopper and a cancellation signal to the drain. This
cancellation signal is 180° out of phase with the chopper
gate signal and provides cancelation of any spikes gen-
erated internally in the chopper Ql, The carrier amp-
lifier is comprised of five stages whose gain is controlled
by negative emitter feedback, Any amplified ac signals
are then demodulated by the synchronous demodulator Q8
which is driven in synchronism with the chopper Q1. The
resulting dc voltage is then used to drive the froni panel
meter to indicate both the polarity and magnitude of the
input voltage on the TVM mode or the off-null magnitude
on the NULL mode. Negative feedbuck through the meter
to the null detector input determines the overall gain of
the null detector.
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3-41. CIRCUIT DESCRIPTION, The 3 kHz drive signal
applied to terminal 8 of the Null Detector Assembly is
half-wave rectified to provide 6. 8 volt dc operating vol-
tages for the null detector circultry. Diodes CR3 and
CR4 along with C17 through C19 and R33 and R34 form
the half-wave rectifiers used to produce the de operating
voltages. Synchronous drive voitages for the nuil detector
eircuitry are provided by the 84 Hz collector-coupled
multivibrator comprised of Q9, Q10, C14, C15, and R23
throush R26, The 84 Hz collector signal of Q9 is used to
provide the demodulator drive for Q8. Transistor Qi1
supplies an 84 Hz squarewave from its emitter to the gate
of QL. This signal is derived from the collector of Q10
in the 84 Hz multivibrator. Resistor R27 provides ad-
justment of the squarewave signal amplitude applied to
the gate of Q1. The collector signal of Q11 is coupled by
C5 and C4 to the output of Q1 where it is used to null
out any spikes infernally generated in Q1. Adjustment of
this compensating signal is provided by potentiometar
R31 located in the collector circuit of Q11.

3.42, The resulting squarewave signal present at the
junction of R3 and Q1 is coupled by C3 to the input stage
of the carrier amplifier. This signal is proportionzal to
the difference between any feedback voltage from the
meter circuit and the input voltage at terminal 2. The
carrier arplifier is comprised of four eommon-emitter
amplifiers of Q2 through Q5 and complementary push-
pull output amplifier Q6 and Q7. Negative emiffer feed-
back through the network composed of R10 and R15 through
R18, C8 and C11 controls the gain of the carrier amp-
lifier and consequently the mull detector input impedance.
Variable resistor R17 located in the feedback circuit
provides adjustment of this input impedance. The emitter
aignal of Q6 and Q7 is coupled by CI12 and R20 to the
synchronous demodulator Q8. Transistor Q8 is driven
in synchronism with the chopper QI and is operated in
the inverse mode to secure minimuin saturation voltage.
The resulting demodulated signal is filtered by the low-
pass filter comprised of R21 and C13 and applied to ter-
minal 5 for use in the optional Recorder Ouatput circuitry.
This same voltage signal is applied through R22 and the
meter circuit to Q1 as a negative feedback signal to con-
trol the gain of the null detector. Any current flow
through this network causes a corresponding deflection

on the meter proportional te the magnitude of the nulil
detector input voltage.

3-43, DC INPUT DIVIDER

3-44, GENERAL. Fuli-scale input voltages to the in~
strument on either mode of operation are reduced to one
millivolt G:10% overranging) at the input of the null detec-
tor by the DC Ihput Divider circuitry,

3-45, CIRCUIT DESCRIPTION. The DC Input Divider is
composed of seven series connected resistors R1 through
RT that have a total resigtance of 100, 1 megohms. When
the instrument is operated in the TVM mode, the input
impedance is a constant 100 megohms on all dc voliage
ranges and the RANGE switch is used to select the desired
tap of the divider network. When the instrument is oper-
ated on the differential dc mode, the NULL and RANGE
switches select various taps on the input divider network
to provide an input impedance of 10 megohms on the . 001
and , 01 NULL switch positions, and 100 megohms on all
other NULL switch pogitions.

3-46. OPTIONAL RECORDER OUTPUT

3-47. GENERAL. Instruments containing the -02 Option
are provided with a RECORDER OUTPUT that is isolated
from the null detector circuitry. The Recorder Gutput
circuifry is composed of a modulator and demodulator
separated by an isolation transformer, Each circuit is
driven at a 3 kHz rate by a signal derived from the Ref-
erence Inverter Assembly.

3-48, CIRCUIT DESCRIPTION, The d¢ input voltage
applied to terminal 1 of the Recorder Ouiput Assembly is
modulated at a 3 kHz rate by alternate conduction of Q1
and Q2. Conduction of Q1 and Q2 is controlied by the
3 kHz drive signal applied to terminal 3. Transformer
T1 ecouples the resulting signal fo s secondary winding
where demodulation is accomplished by alternate con-
duction of Q3 and Q4. Conduction of Q% and @4 is con-
trolled by the 3 kHz drive signal applied to terminal 4.
The resulting isolated dc voltage is then filtered by C1
and R10. Variable resistor R10 provides adjustment of
the RECORDER OUTPUT voltage.
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SECTION IV

MAINTENANCE

4-1.  INTRODUCTION

4-2, 'Thig section of the manual contains the informa-
tion necessary for you to maintain your Model 883 AC-
DC Diferential Voltmeter. The information is arranged
under headings of "SERVICE INFORMATION, DIiSAS-
SEMBLY INSTRUCTIONS, GENERAL MAINTENANCE,
PRECALIBRATION AND TROUBLESHOOTING, and
CALIBRATION PRCOCEDURES. ' A list of the test equip-
ment required for mainienance of this instrument is
contzined In Figure 4-1. I the recoramended test equip-
ment is not available, ofher instruments having the
equivalent specifications may be substituted.

4-3, Your instrument was completely tested and
aligned before leaving the factory and calibration should
not be necessary during the first 90 days of operation.
However, should you wish to check the instrument ac-
curacy against most of the specifications contained in
Section I, the information contained in the Calibration
Procedureg may be uged. The Calibration Proceduresg
are arranged in such a manner that by disregarding the

adjustment information that may be used as Instrument
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

4.8, Each instrument manufactured by the John Fluke
Mfg, Co,, Inc, is warranied for a period of one year
upon delivery to the original purchaser, Complete war-~
ranty information ig 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 avallable at various world
wide locations., A complete list of factory authorized
service centers is located at the rear of this manual,
I requested, an estimate will be provided fo the cus-
tomer before any repair work is begun on instruments
beyond the warranty period.

4-1
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EQUIPMENT NOMENCLATURE SPECIFICATIONS RECOMMENDED INSTRUMENT
AC calibration Lo distortion, 1 mv to 1000 vac, Hewlett Packard
Source 20 Hz to 100 kHz, with an ac- Model 745 with Com-

curacy of . 02% panion 1000 Volt Am-
plifier
DC Calibration 0-1000 volts dc with an accuracy Fluke Model 332B
Source of 0.002%
QOscillogscope Sweep range: 50 usec/cm Tektronix 531 with
Vertical sensitivity: 5 mv/em Type L Plug-In Unit
Probe Pagsive 10:1 F6ooT
Multimeter Ranges: Fluke Mode! 853A
AC-0to 100 ma
G to 300 vac
DC-0 to 100 ma
0 to 1000 vde
OHMS - 0 to 100 megohms
Accuracy:
AC-21%
DC-+0, 1%
Differential Range - 0 to 1000 vde Fluke Model 8854
Voltmeter Aceuracy ~+0. 06%
Input Impedance - Infinite
at null
Figure 4~1. REGIUIRED TEST EQUIPMENT
4-8., DISASSEMBLY INSTRUCTIONS three inches when the instrument is fnverted.

4-9,

THE MCDEL 893A DISABSEMBLY
INSTRUCTIONS

4-10. The following procedure is to be used to gain ac-
cess to various parts of the Model B93A:

a.

4-2

Remove the eight top dust cover attaching screws
and remove the dust cover from the instrument.

Remove the two screws from the circuit board re-
taining strap attached across the center of the instru-
ment and remove the strap, This allows access to
the Null Detector, Reference Amplifier, Reference
Inverter, AC Converter, and NULL SENS switch 53,

Vote!

Ensure that the retainer strap insulators are
kept in a clean condition.

Remove the top front and rear trim strip attaching
screws and remove the trim strips from the instru-
ment, This allows access to the front panel binding
pusts, components on the POWER switch 82, and (i
the ~01 option is installed) DS1,

Hote!

The printed circuit boards are inserted in
slide holders and will proirude approximately

B93A

Place a strip of tape across the chassis of
the instrument to hold the printed circuit
boards in place if the instrument is fo be
inverted.

Remaove the eight lower dust cover attaching screws.
This allows access to the Kelvin-Varley Divider
Assembly,

Remove the lower front and rear trim strip attaching
screws and remove the trip strips from the instru~
ment. This allows access to the Kelvin-Varley
switches 86 through 58 and potentiometer R317.

Remove the left and right knurled knobs from the
handle assembly and remove the handle from the
instrument.

Bemove the eight left and right rear panel attaching
screws and slide the rear panel free from the instru-
ment. This allows access to the power transformer
T1, CR1, CR2 and any option components.

Loosen the front panel control knob allen set screws
and remove the knobs from the front panel, Loosen
the two screws securing the shutter cabling to the
front panel and then remove the nuts on the front
panel binding posts and remove the terminal clips
from the binding posts. Remove the left and right
front panel attaching screws and slide the front
panel forward until free of the instrument. This



allows access to the front panel meter and all switeh
linkages.

i. Remove the right or left side panel attaching screws
and remove the panel from the instrument. This
aliows access to the respective MODE or RANGE
switch,

CAUTION!

Do not remove both side panels from the
instrument at the same time or the struc-
tural-strength of the instrument will be
impaired.

4-11, THE MODEL 893AR DISASSEMBLY INSTRUCTIONS

4-12. The followiug procedure is to be used to gain ac-
cess to various parts of the Model 883AR:

a. Remove the six top dust cover attaching screws and
remove the dust cover from the instrument. This
allows access to the mounting screws of the Kelvin-
Varley Divider, Reference Inverter, and Null
Detector printed circuit boards,

b. Remove the top front and rear trim strip attaching
serews and remove the trim strips from the instru-
ment. This allows access o the front and rear
panel components,

¢. Remove the six lower dust cover attaching screws and
remove the dust cover from the instrument. This
allows access to the Reference Inverter and AC Con-
verter printed circuit board mounting screws, all
of the switches used in the instrument, and pcotentio-
meter R37T.

d. Remove the lower front and rear trim strip attaching
gscrews and remove the frim strips from the instru-
ment, This allows further access to the front and
rear panel components.

e. Remove the left and right rear panel aftaching screws
and slide the rear panel free from the instrument.
This allows access to the power transformer TI,
CR1, CR2, and any option components,

f.  Loosen the front panel control kncb set screws and
remove all of the knobs from the front panel. Loosen
the two screws securing the shutter cabling to the
front panel. Remove the nuts from the front panel
binding posts and remove the terminal clips from
the binding posts. Remove the left and right front
panel attaching screws and slide the front panel for-
ward until free of the instrument, This allows ac-
cess to the front panel meter and all switch linkages,

4-13. GENERAL MAINTENANCE

4-14, PERIODIC CLEANING

4-15, This instrument is completely enclosed, therefore
no entry for dirt, dust, or lint is provided. Consequently,

it is usually only necessary to clean the exterior of the
instrumert. To elean the exterior, use a cloth moistened

with anhyndrous ethyl alcohol or Freon T. F. Degreaser
{MS 180 Miiler-Stephenson Chemical Co., Inc.). ¥ esither
of these cleaning agents are not readily available, soap
and water, applied sparingly to a cloth can be used to
clean the exterior of the instrument.

4-18, I it becomes necessary to clean the interior of
the instrument, a hot deionized or distilled water rinse
followed by a thorough drying should be used. Drying
temperatures in excess of 160° should be avoided,

CAUTIORN!

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

4-17, FUSE REPLACEMENT

4.18, Input line power to the Model 893 instruments
is fused to 1/8 ampere by ¥F1. This fuse is located on
the rear panel agsembly of the instrument in a bayonet
fuseholder. When replacing this fuse use a 1/84, 250
volt, slo-blo, type fuse.

4-19. BATTERY REPLACEMENT

4.20. Battery replacement on instruments containing
the -01 option is necessary when 16 continuous hours of
battery charging will no longer result in a satisfactory
battery check, To replace the batteries, proceed as
foliows:

a. Obtain access fo the battery pack installed on the
rear panel using the disassembly procedures for
your particular instrument that are described in
paragraphs 4-8 through 4~12.

b. Unsolder red (or white) and black battery pack wires
from their respective circuit connections and wrap
the exposed ends of the wires with electricians tape.

c. Remove the four nuts and screws that attach the
battery pack to the rear panel and 1ift the battery
pack free from the instrument,

d. Locate and replace the defective balieries obgerving
proper polarities of conneclions.

e. Mount the battery pack on the rear panel assembly
using the screws and nuts removed in step c,

f. Remove the tape {rom the black battery pack wire
and solder this wire to the terminal on the power
transformer from which it was removed in step b.

g. Remove the tape from the red (or white) battery
pack wire and solder this wire to the end of the
resistor from which it was removed in step b.

n. Reassemble the instrument and check the batteries
as described in Section If paragraph 2-8 and 2-10.
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Figure 4-2, ADJUSTMENT AND TEST POINT LOCATIONS (Sheet 1 of 4)
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AZTP14

A3R14
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A2R33

A3TP19
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A3RS  A3TP17

A3TP15
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Figure 4-2.

ADJUSTMENT AND TEST POINT LOCATIONS {Sheet 2 of 4)
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‘A4R17 A4RS A4TPI5 A4TPI4
| Axy A4R27

A4TP A4TPI0 A4TP13 A4P17
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Figure 4-2. ADJUSTMENT AND TEST FOINT LOCATIONS (Sheet 3 of 4)
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ATR4
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® |
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AFR33 ATQE
A7R31 Q

A7C22  ATC21

A7CIS

Figure 4-2. ADJUSTMENT AND TEST POINT LOCATIONS (Sheet 4 of 4)

4-21. PRECALIBRATION AND
TROUBLESHOOTING

4.22, INTRODUCTION

4-23. Before attempting to calibrate the Model 893 AC-

DC Differential Voltmeter, a parameter check of the
major sections of the instrument circuitry should be
performed. These precalibration checks, when the
desired regults are obtained, will ensure that each
major section of the instrument is contributing the
ieast possible error toward overall instrument inac-
curacy. When performing these checks it may become
necesgsary to replace component parts in order to ob-
tain the desired results. Under these circumstances,
general troubleshooting of the circuitry is necessary.
As each malfunction is corrected, a complete recheck
of the particuiar circuiiry involved is also necessary.

4-24, The following tests should be performed in a draft
iree area at an ambient temperature of 21° to 25°C,
Adjustment and test point locations are illustrated in
Figure 4-2. At the beginning of each check the {ype
of test equipment is given. Refer to Figure 4-1 for the
recommended test equipment.

4-25. REFERENCE AMPLIFIER/REFERENCE IN-
VERTER CHECKS
4-26. 'The Reference Amplifier /Reference Inverter

Checks require an aulotransformer, an ac ammeter,
2/10/75

an oscilloscope and a de differential voltmeter. Cir-
cuit waveforms are illustrated in Figure 4-4. To per-
form the checks, proceed as follows:

a. Remove the upper and lower dust covers from the
instrument. Refer to paragraphs 4-8 through
4-12 for disassembly instructions.

b. Make the equipment conrections illustrated in
Figure 4-3 and place the Model 883 controls as

follows:

POWER GN/L.INE OPR
RANGE 1000

NULL SENS 16V

MODE +

Readout dials 00. ¢ _{lg

c. Apply 115 volts ac, 50-500 Hz, through the auto-
transformer to the Model 883. The ac ammeter
ghould indicate less than 45 miliiamperes.

d. I your instrument is equipped with the -01 option,
place the POWER switch to BAT CHG, observing
that the ac ammeter indication does not exceed
60 milliamperes and the ballast lamp DST itlumi~
nates.

e. Connect the oscilloscope signal input to terminal 3
of the Reference Amplifier Assembly and connect
the oscilloscope ground to terminal 6 or 7. The
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4-8

waveform observed on the oscilloscope CRT should
not exceed a peak-to-peak indication of 2. 5 volts.

Disconnect the oscilloscope from the Model 893,

Caonnect the input of the dc differential voltmeter
to TP14 of the A2 Reference Amplifier Assembly
and connect the common lead to A2 terminal 6 or 7.
The voltmeter should indicate +19 +0.5 volis de.

Remove ac power from the Model 893 and connect
the dc differential voltmeter input to terminal 2 of
the A5 Kelvin-Varley Divider Assembly,

Reapply ac power to the Model 883, observing that
the dc differential voltmeter indicates 1100 £0, 13
volts de.

Rotate A2R26 to each available limit, observing that
the de differential volimeter indication changes by
at least +0, 2 volts.

Adjust A2R26 for an indication of 1100 volts dc on
the dc differential volimeter.

Decrease the ac input voliage applied to the Model
893 to 103, 5 volts ac with the avtotransiormer con-
trol. The voltage observed on the dec differential
voltmeter should not vary more than 0. 0055 volts.

Increase the ac input voltage applied to the Model
893 to 126.5 volts ac with the autotransformer
control, The voltage cbserved on the de differ-
ential voltmeter should nct vary more than 10, 0055
volts,

Remove ac power from the Model 833 and connect
the de differential voltmeter input to A2TPY,

Reapply 115 volts ac to the Model 893, observing
that the de differential voltmeter indicates 17 &0, 01
volts dc.

Rotate A2R19 to each available limit, obgerving
that the de differential voltmeter indication changes
by at least £100 millivolts,

Adjust AZR19 for an indication of +17 0. 01 volts dc
on the dc differential voltmeter.

Place the RANGE switch to 100 and connect the de
differential voltmeter input to terminal 2 of the
Ab Kelvin-Varley Divider Assembly.

The dc differential voltmeter should indicate 110
+0. 008 volts de.

Rotate A3R14 to each available limit, observing that
the dc differential voltmeter indication changes by
at least 0. 010 volts,

Adjust A3R14 for an indication of 110 volts dc on
the dc differential voltmeter,

Place the RANGE gwitch to 10, observing that the de
differential voltmeter indicates 11 10. 0009 volts dc.

8934

115 VAC
5C to
500 HZ

MODEL 853A

0 - 130 VAC
AUTO-

- MODEL 893
TRANSFORMER

Figure 4-3. REFERENCE AMPLIFIER/REFERENCE {NVERTER

aa,

ab.

ac,

ad.

ae.

ag.

CHECKS - EQUIPMENT CONNECTIONS

Rotate AZR33 to each available limit, observing
that the dc differential voltmeter indication changes
by at least + one millivolt,

Adjust AZR33 for an indication of 11 volts dc on the
de differential voltmeter.

Place the RANGE switch to 1, observing that the
dc differential voltmeter indicates 1.1 volts de
#0. 9 millivolts.

Rotate A2R35 to each available limit, observing
that the dc differential voltmeter indication changes
by at least £1 millivolt.

Adjust A2R35 for an indication of 1.1 volt de on the
de differential voltmeter.

Connect the de differential volimeter common to
terminal I of the A4 Null Detector Assembly and
the input to TP11.

Place the Model 863 NULL SENS gwitch to the TVM
position and the RANGE switch to the 100 position,

The dc differential voltmeter should indicate -6.8
volts dc £400 millivolts, Record the exact value.

Place the Model 833 RANGE switch to the 1000
position.

Rotate A3R8 to each available limit, observing
that the dc differential voltmeter indication changes
by at least £15 millivolts,

Adjust A3RS for an indication on the de differential

voltmeter that is within 10 millivolts of the voltage
recorded in step ad,

B8/22[71



ah. Connect the oscilloscope signal input and ground
to A3 terminals 10 and 9, respectively, A 3 kHz
drive signal having a maximum amplitude of 13.5
volts peak-{o-peak should be observed on the oscil-
loscope trace.

4-27. When the results of these checks agree with the
information given, the Reference Amplifier/Reference
Inverter Assemblies are functioning properly and the
test equipment can be disconnected from the insirument.

4-28. NULL DETECTOR/DIVIDER CHECKS

4.29,  The Null Detector /Divider Checks require a de
voltage calibrator, a de differential voltmeter and a

A2 REFERENCE AMPLIFIER WAVEF ORMS

I = f 5\
.Y B v nw-——vﬂ—u.-..,-a-.é, b, T
NINAYN {> "
- <
10 MSEC/CM 0.2 MSEC/CM <
A2 TERMINAL 3 A2TP9

s

i ]

| It Il i i A Fl 1 L ” ;\

RN i

o

P

0.2 MSEC/CM
A2TPI4
A3 REFERENCE INVERTER WAVEF ORMS
+3 1 é
' > =
[ ] * =}
i ~N o~
0.2 MSEC/CM 0.2 MSEC/CM
A3TPI6 A3TPI7
MM—"—

Model B93A 5/N 123 thru 508
Model 893A S/N 123 thru 264

b3 7 3
1 Y TR Y
rx!!mr:i ,_,,_,,__Ag
. O
<3 e 1y
0.2 MSEC/CM 0.2 MSEC/Th
A3TPI9 JUNCTION OF
A3ZCR4 AND A3CRé6
5 s
N ~ L &J\
Z T =
= -

0.2 MSEC/CM
JUNCTION OF
A3CRS AND A3C7

0.2 MSEC/CM
JUNCTION OF
AZRE AND A3CY

Figure 4-4, REFERENCE AMPLIFIER/REFERENCE
INVERTER WAVEFORMS
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10 megohm 1% resistor, Circuit waveforms are illus-
trated in Figure 4-6. To perform the checks, apply
ac power to the instrument and proceed as follows:

a. Place the Mode} 893 conirols as follows:

POWER ON/LINE OPR
RANGE 1

NULL SENS . 001

MODE +

Readout dizls . 00100

b, Connect the dec differential voltmeter input to TP16
and the common lead to terminal 7 of the Null
Detector Agsemnbly., The voltmeter should indicate
+6. 8 0. 4 voits dc.

c. Connect the de differential voltmeter input to TP17,
observing that the voltmeter indicates -8. 8 £0,4
volts de.

d. Disconnect the de differential voltmeter from the
Model 883.

e, Connect a shorting jumper between the 1L.O and HI
INPUT ferminals and rotate A4R27 and A4R31 fully
counter-clockwise.

f.  Adjust A4R27 clockwise until a full~scale negative
meter indication {-1) is obtained and then rotate
the control an additional 10° clockwise,

g. Remove the shorting jumper and adjust A4R31 for
an exact zero-center meter indicatic £2;1d then
repeat steps { and g as necessary.

h. Connect the shorting jumper between the LO and HI
INPUT terminals and adjust A4R5 to each available
limit. The meter pointer should deflect above and
below the minus 1 indication.

i.  Adjust A4R5 for a full-scale (-1} indication on the
meter.

j.  Remove the shorting jumper between the INPUT ter-
minals and replace with a 10 megohm 1% resistor,

k. Place the Readout dials to . 00200 and adjust A4R17
to each available limit, observing that the meter
pointer deflects above and below the minus 1 indi-
cation.

1. Adjust A4R17 for a full-gcale (-1} indication on the
meter, :

m. Remove the 10 megohm resistor from between the
INPUT terminals of the instrument and place the
Model 893 controls as follows:

POWER ON/LINE OPR
RANGE i

NULL SENS L0001

MODE +

Readout dials . 00000
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n, Conneet the output of the de voltage calibrator
between the LO and HI INPUT terminals,

0. Apply the dc input voltages versus the ranges in-
dicated in Figure 4-5, observing that the meter
indicates full-scale {+1} £ 1-1/2 small divisions.

4-30. When the results of the checks agree with the
information given, the Null Detsetor and Divider cir-
cuitry are functioning properly and the test equipment
can be disconnected from the instrument,

INPUT DC VOLTAGE RANGE NULL SENS
001 1 1 mv
.01 1 .01y
.1 1 1 v
1.0 1 TVM
10.0 10 TVM
100,90 100 TVM
1000, 0 1060 TVM

Figure 4-5. INPUT DC VOLTAGE VERSUS RANGE-CHECKS
4-31. KELVIN-VARLEY DIVIDER CHECKS

4.32. The Kelvin-Varley Divider Checks require the
use of a de voltage calibrator. The Precalibration and
Troubleshooting Checks of paragraphs 4-21 through
4-30 must also have been performed to ascertain that
the associated instrument cireunitry is functioning
correctly, To perform the checks, apply ac power
to the instrument and proceed as follows:

a. Place the Model 893 controls as follows:

POWER ON/LINE. OPR
RANGE 10
NULL SENS . 001
MODE +
Readout dials 10. 000
, L A4TPI N
1 E -] B
f I X =1 1 Lt b
) \“{“\ o] \L/F 3 |- Ht._d -, “\%._m‘;_"}.;?
e ’ 2
FULL-SCALE INPUT SATURATION
CONDITION
3 13
v SO e ot SO oo WO Ko owons SO0 W o ool O o OO Ve
s S
iy o~
A4TP13 A4TP15

Note: HORIZONTAL SWEEP -~ 5 MSEC/CM

Figure 4-6, NULL DETECTOR WAVEFORMS
4-10
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b. Apply +10 volts de from a de voltage calibrator
between the Model 883 LO and HI INPU'T terminals.

¢. Adjust A2R33 for a zero-center meter indication
on the Model 893,

d. Apply the de input voltages versus the Readout
dial setiings of Figure 4-7, observing that the
Model 893 meter indicates zero-center within the
major division deviation.

INPUT READOUT MAJOR DIVISION
DC VOLTAGE |DIAL SETTINGS DEVIATION
11, 080 10.99 X 5.5
10, 000 10,00 O null reference
10, 00 9.98 X £5. 0
9, 999 9.99 90 +4, 99
8, 888 8. 88 80 &4, 44
T 7.7 10 %3, 88
5, 666 6. 66 60 £3.33
5.555 3,55 50 2.7
4,444 4.44 49 +2. 22
3.333 3,33 30 +1, 66
2.222 2,22 20 +1.11
1.111 1.11 10 + 55
1. 000 1.000 E

Figure 47, INPUT VOLTAGES VERSUS READOUT
SETTHNGS -~ CHECKS

4-33, When the results of these checks agree with the
information given, the Kelvin-Varley Divider circuitry
is functioning properly and the test equipment can be
disconnected from the instrument.

4-34, RECORDER OUTPUT OPTION CHECKS

4-35, The Recorder Output Option Cheeks require
the use of a dc differential voltmeter. Circuit wave-
forms are illustrated in Figure 4-8. To perform the
checks, apply ac power to the ingtrument and proceed
as follows:

a. Connect the inputs of a dc differential voltmeter to
the rear panel HI and LO RECORDER OUTPUT
terminals and rotate the associated level control
fully clockwise,

b. Comnect a shorting jumper between the LO and HI
INPUT terminals of the Model 893 and place the
controls as follows:

POWER ON/LINE OPR
RANGE 1

NULL SENS L0

MODE +

Readout dials . 00100

c. A dec voltage of -0.2 to -0. 28 volts dc should be
indicated on the de differential voltmeter connected
to the RECORDER OUTPUT terminals,



d. Rotate the RECORDER QUTPUT level control
counter-clockwise, observing that the RECORDER
OUTPUT voltage decreases to zero volts,

e. Adjust the RECORDER OUTPUT level control for
an indication of 0. 2 volts on the de differential
voltmeter.

{.  Place the Model 893 Readout dials to . 00010, ob-
serving that the RECORDER OUTPUT voltage in-
dicated on the dc differential voltmeter is -0, 02

volls de.
BASE OF Q1 or Q2
! 7 ]
I t =
== '1; o
>
Wy
L MSEC
FULL SCALE INPUT EMITTER Q1 or Q2
=
' l e g
>
1 MSEC/CM
EMITTER Q3 or Q4
] ¥ =
| | T 1 o
LU MSEC/CM
BASE Q3 or Q4
f ' 1 b3
! ! i o
4 +-H5F ~
p=d
4
L1 MSEC/CMm

Figure 4-8. RECORDER OUTPUT WAVEFORMS
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4-36. When the resuits of thege checks agree with the
information given, the Recorder Output Optioncircuitry
is functioning properly and the test equipment can be
disconnected from the instrument.

4-37. AC CONVERTER CHECKS

4.38, The AC Converter Checks require an ac calibra-
tion source, an oscilioscope, and a dc differential volt-
meter. Circuit waveforms are llustrated in Figure 4-10.
To perform the checks, apply ac power to the instrument
and proceed as follows:

a. Place the Model 893 controls as follows:

POWER ON/LINE OPR
RANGE 1

NULL SENS 001
MODE AC

Readout dials 1, 000 00

b. Connect the de differential voltmeter input to A7
terminal 7 and its common lead to A7 terminalf
The voltmeter should indicate 12 0. 2 volts dec.

¢. Connect the voltmeter input to the junction of R4l
and CH5, observing that the voltmeter indicates
10 0.5 volts de.

d. Connect the voltmeter input to A7 terminal 6, ob-
serving that the vollmder indicates -12 £0. 2 volts de,

e, Connect the voltmeter input to the junction of R42 and
CR6, cbserving that the voltmeter indicates -10+0,5
volt dc. Disconnect the voltmeter upon completion
of this step,

f.  Apply a calibrated one velt ac signal at 400 Hz
between the LO and BHI INPUT terminals of the
instrument,

g. Connect the oscilloscope input to the emifter of ATQH
and the groond lead to A7 terminal 5, The signal ob-
served on the oscilloscope CRT should be identical
to the full scale ATQS emitter waveform illustrated
in Figure 4-10. If necessary, adjust ATR35 to obtain
a meter indication of 0 £0.5 major divisions.

h. Apply a calibrated 0. 1 volt ac signal at 400 Hz to
the INPUT of the Model 893, observing that the wave-
form displayed on the oscillogcope CRT is identical
to the ATQS 1/10 scale input waveform illustrated
in Figure 4~10,

i.  Perform the RANGE checks described in Figure 4-9
at 400 Hz, observing thaf the specified results are
obtained. X necessary, adjust the associated adjust-
ment to obtain the specified meter indication,

j.  Perform the AC Converter RANGE checks described
in Figure 4-9, disregarding the adjustment and meter
indications, at frequencies of 20 Hz, 20 kHz, 50 kHz,
and 100 kHz, The waveforms shserved on the oscil-
loscope CRT should be consistant with the peak-to-
peak levels of ATQ6 illustrated in Figure 4-10.

4-11
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MODEL 8933 AC RANGE AQ6 EMITTER MODEIL 893 METER A'l ADJUSTMENT
INPUT VOLTAGE WAVEFORM INDICATION

10 10 FULL-SCALE 0 0.6 m.d. R33

150 100 FULL~SCALE 0 £0.5 m.d. R31

500 1000* 50% OF THE 0 £l m.d. R2%
FULL-SCALE
WAVETORM
AMPLITUDE

*Set the Readout dials to 500. Q0

Figure 4-92, AC CONVERTER RANGE CHECKS

400HZ FULL-SCALE INPUT

1 V/ChA

SCALE INPUT

A

FAUMIAY

\

/

0.2 V/CM

/

R23/C15

TMSEC/CM

Figuse 4-10. AC CONVERTER WAVEFORMS
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4-39. When the results of these checks agree with the
information given, the AC Converter ig functioning prop-
erly and the test equipment ¢an be disconnected from the

¥ instrument.
E 4 =
/\ ' S u \ /\ ‘g 4-40. CALIBRATION PROCEDURES
S AN VA AT A T L
M v N 4-41, INTRODUCTION
ATQE EMITTER FMSEC/CM 4-42. The aodel 893 should be checked for calibration
4B0HZ 1/10 SCALE INPUT every 80 days., Before attempling to calibrate your
i ingtrument, it is recommended that the major portions
7 \ < Ya = of the instrument circuitry be checked using the methods
L i N Y described in the preceding Precalibration and Trouble-
3 Z shooting paragraphs,
WA NV NN [N Gee APOENIVN DAETL L o
ATQS EMITTER IMSEC/CM 4-43, It will be necessary to #pply ac and dc voltages
from a known accurate source to the inpwt of the instru-
400HZ FULL-SCALE INPUT ment during the calibration process. An ac calibration
source such as the H.P. Model 745A can be used to obtain
; N the accurate ac voltages, and a John Fluke Model 332B
(\\ " /\ \ j(f\\ s /\\ J \Z\ can be used to obtain the required dec voliages.
4-44, Calibration of the instrument should be performed

on line power with the top and bottom dust covers removed
from the Instrument. An ambient room temperature from
21°C to 25°C, in a draft free area, should be maintained
during the calibration process, Adjustment and testpoint
locations are illustrated in Figure 4-2. Figure 4-11
containg a list of the calibration adjustments and their
effecis,

4-45, METER MECHANICAL ZERO ADJUST

4~-46, With the power removed from the Model 893,
proceed as follows:

a. Position the instrument horizontally {normal pos-
ition) on the bench,

b.  Adjust the meter mechanical zero screw, acces-
sible from the {ront panel, until the meter pointer
indicates zero-center. Back-off the serew adjust~
ment just enough to disengage the cam once the
center-zero indication is obtained.



CIRCUITRY ADJUSTMENTS AND THEIR EFFECTS

ZENER REFERENCE A2R19 Used to adjust for 17+0, 61 volts de at A2TPY and has a minor effect
SUPPLY on instrument calibration. Adjustment of this control establishes

a specific voltage for the zener diodes which minimizes the zeners
temperature coefficient and increases their voltage stability.

NULL DETECTOR A4RIT Adjusts the gate signal drive level of QL for optimum chopping
efficiency. Inadequate drive to the gate of QI will result in a lower
than specified null detector input resistance and a lower gain,
Excessive drive to the gate of Qi {clockwise setting) will reduce the
nuil detector stability.

A4R31 Adjusts the level of the signal applied to the drain of Q1. This signal
is used to cancel out the null detector open-circuit offset effects
produced by the gate to drain capacitance of @1. Misadjustment of
this control will produce null detector open circuit offsets particularly
noticabie on the . 001 volt sensitivity,

A4RS Adjusts the null detector gain to compensate for variations in the
carrier amplifier gain, full-scale meter sensitivity, and feedback
resistor tolerances,

A4RLT Adjusts the carrier amplifier gain which determines the input
resistance of the nuil detector and to a minor degree affects null
detector sensitivity.

A3R8 Adjusted {0 provide uniform null detector voltages of 6. 8 volis dec on
all voltage ranges. This adjustment does not affect instrument
calibration.

A3RS Adjusted to reduce the 3 kHz common mode signal from A37TY that

is present at the common terminal of the null detector. This adjust~
ment does not affect instrument calibration.

KELVIN-VARLEY ASR3E Provides a means of {rimming the full-scale vernier dial range to
DIVIDER compensate for potentiometer resistance tolerance,
1000 VOLT RANGE A2R26 Adjusts the value of the reference voltage for the +18.5 volt de

regulator to a value necessary to calibrate the 1000 voit range.
Adjustment of this resistor will also effect calibration of tha 100
volt range but does not effect the 1 and 10 voit range calibration.

100 VOLT RANGE A3R14 Adjusts the 110 volts dec applied to the Kelvin~-Varley Divider on the
100 volt range. Adjustment of this resistor will not effect the
calibration of any cther voltage range,

10 VOLT RANGE AZR33 Adjusts the 11 volts de applied to the Kelvin-Varley Divider on the
10 volf range. Adjustment of this resistor will not effect the
calibration of any other range,

1 VOLr RANGE AZR35 Adjusts the 1.1 volts de applied to the Kelvin-Varley Divider on the
} volt range. Adjustment of this resistor will not effeet the cali-
bration of any other range.

1000 VOLT AC RANGE ATR2SG Adjusts the AC Converfer gain at low frequencies on the 1000 volt
(400 Hz) ac range. Adjustment of this resistor will not affect calibration
of any other voltage range.

100 VOLT AC RANGE ATR31 Adjusts the AC converter gain at low frequencies on the 100 volt ac
(400 Hz) range. Adjustment of this resistor will not affect calibration of any
other voliage range.

Figure 4~11. SUMMARY OF CALIBRATION ADJUSTMENTS (Sheet | of 2)
4-13
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CIRCUITRY ADJUSTMENTS AND THEIR EFFECTS
100 VOLT AC RANGE STRAY Adjusts the AC Converter gain at high frequencies on the 100
(50 KHz) CAPACITY volt ac range. Adjustment of this compensator will affect
COMPENSATOR high frequency calibration of all other ac ranges.

100 VOLT AC RANGE ATC15 Adjusts the high frequency response at 1/1000 of full-scale

{50 KHz) on the 100 volt ac range. Adjustment of this capacitor affects
calibration of all other ac ranges.

10 VOLT AC RANGE ATR33 Adjusts the AC Converter gain at low frequencies on the 10

(400 Hz) volt ac range, Adjustment of this resistor will not affect
calibration of any other voltage range.

10 VOLT AC RANGE ATTC21 Adjusts the AC Converter gain at high frequencies on the 10

{5¢ KHz) volt ac range. Adjustment of this capacitor will not affect
calibration of any other voltage range.

1 VOLT AC RANGE ATR3S5 Adjusts the AC Converter gain at low frequencies on the 1 voit

{400 Hz) ac range. Adjustment of this resistor wiil not affect calibra-
tion of any other voltage range.

1 VOLT AC RANGE ATC22 Adjusts the AC Converter gain at high frequencies onthe 1

{50 KHz) volt ac range, Adjustment of this capacitor will not affect
calibration of any other voltage range.

AC CONVERTER ATR4 Adjusted to provide a dc bias of +1.5 vde across ATCL6
in the AC Converter.

Figure 4-11. SUMMARY OF CALIBRATION ADJUSTMENTS (Shest 2 of 2)

4-47, ZENER REFERENCE SUPPLY CALIBRATION c. Adjust A4R27 clockwise until negative (-} deflection

of the meter pointer reaches a maximum and then

4-48, To calibrate the Zener Reference Supply, apply continue an additional 10° clockwise.
ac power to the instrument and proceed as follows:

a. Place the Model 883 controls as follows:

d. Remove the INPUT terminals shorting jumper and
adjust A4R31 for a meter pointer indication of zero
center +1/2 amall divisions.

ggggg ?N/ LINE OPR e. Connect the shorting jumper between the LO and HI
INPUT terminals and adjust A4R5 for an exact full-
NULL SENS TVM le (-) met ointer indicati
MODE + scale (~) meter pointer indication.
Readowt dials - 60000 f.  Replace the shorting jumper between the INPUT
terminals with a 10 megohm 1% resistor and place
b. Connect a dc differential voltmeter to A2TPY and the Readout dials te . 00200.

adjust A2R19 for an indication of +17 x0. 01 volts

de,

c¢. Disconnect the dec differential voltmeter,

4-49. NULL DETECTOR CALIBRATION

g. Adjust A4R17 for an exact full-scale (-1) meter
pointer indication,

h., Repeat steps e through ¢ until the specified results
are obtained.

4-50 To calibrate the Null Detector circuitry, proceed ~ 1+ Feplace the resistor between the INPUT terminals

as follows:

a. Place the Model 893 controls as follows:

POWER
RANGE
NULL SENS
MODE .
Readout dials

ON/LINE OPR
1

. 001

+

. 00100

with a shorting jumper.

. On each RANGE and NULL SENS switch setting,
place the Readout dials to the voltage indicated on
the NULL SENS switch, observing that the meter
pointer indicates full~seale {~1) #1 small division,
On the one volt range, perform the checks in both
positions of the POLARITY switch,

k. Remove the INPUT terminal shorting jumper and
place the NULL SENS switch to TVM.

b. Connect a shorting jumper between the L0 and HI
INPUT terminals and rotate A4R27 and A4R31 fully 1.  Apply the dc voltages to the Model 853 INPUT

counter-clockwise.
4-14
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terminals on the ranges indicated in Figure 4-12,



observing that the meter pointer indicates a cor-
responding positive or negative full-seale (x1)
+1 small division.

INPUT DC VOLTAGE (0. 3%) RANGE
+] 1
+10 16
+100 100
+1000 1000

Figure 4~12, TVM RANGE CHECKS

m. Remove the de¢ input voltage and connect a de dii-
ferential volimeter between A4TP17T and the LO
INPUT terminal.

n, Place the RANGE switch to 100 and the Readout
dials to 00. 800 and record the dc differential volt-
metier indication.

0, Place the RANGE swiitch to 1000 and adjust A3R8
for a dc voltage within £310 millivolts of the voltage
recorded in step n.

p. Disconneet the de differential voltmeter and connect
an oscilloscope ground lead to the LO INPUT ter-
minal and the input lead to terminal 1 of the A4
Null Detector Assembly.

g, Place the RANGE switch to 1000 and the Readout
diats to 100, 00. Adjust AIRS for minimum ampli-
tude of the 3 kHz sguarewave observed on the
ozcilloscope CRT.

4-51. KELVIN-VARLEY DIVIDER CALIBRATION

4-52. To calibrate the Kelvin-Varley Divider, apply
ac power to the instrument and proceed as follows:

a. Place the Model 883 controls as foliows:

POWER ON/LINE OPR
RANGE 10

NULIL SENS . 001

MODE +

Readout dials 0.01 00

b. Apply a dc input voltage between the LO and HI
INPUT terminais and adjust its level to obtain a
zero-center meter pointer indication,

¢. Place the Readout dials to 0. 00 X and adjust ASR36
for a zero-center meter pointer indication,

4-53. DC VOLTAGE RANGE CALIBRATION

4-54, To calibrate the DC Voltage Ranges of the Model
893, apply ac power to the instrument and proceed as
follows:

a, Disconnect the shorting link from the LO INPUT
terminal and place the Model 893 controls as
follows:

8/22171

POWER ON/LINE OPR

RANGE 1000
NULL SENS .1
MODE +

Readout dials 1000, 60

Apply a dc calibration voitage of 1, 000 £0. 002%
volts de between the LO and HI INPUT terminals
and cenier the adjustment AZR26, observing that
the Model 883 meter indicates center-zero +6 md.

If the resuli of step b is obtained, proceed with
step {. If the desired results are not oblained,
perform steps d through {.

Remove ac power to the instrument and connect
the jumpers illustrated in Figure 4-13 between
their respeciive cireuit board counections.

Reapply ac power to the instrument and, using the
information provided in Figure 4-14, clip the cor-
regponding jumper or jumpers,

A

o

Figure 4-13. JUMPER WIRE LOCATION
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METER INDICATION JUMPER WIRE

Dtox(, 8 NONE
~0.6%0-1.8 B
-1.8to-3.0 A
~3.0 and above BOTH

4-16

893A

Figure 4-14. JUMPER WIRE SELECTION

Adjust A2R26 for an exact zero-center meter
indication,

Reduce the calibration voltage to 100 £0. 002% volts
dec and place the RANGE switch to 100.

With the NULL SENS switch to 0. 01, adjust ASR14
for an exact zero-center meter pointer indication.

Reduce the calibration voltage to 10 +0, 002% volts
dc and place the RANGE switch to 10,

With the NULIL SENS switch to , (01, adjust A2R33
for an exact center-zero meter pointer indication,

Reduce the calibration voltage to 1 0. 002% volts
dc and place the RANGE switeh to 1.

With the NULL SENS switch to . 001, adjust AZR35
for an exact zero-center meter pointer indication.

Reduce the calibration voltage to 80 millivolis £0. 1%
and place the RANGE switeh to 100,

Place the Readout dials to 00, 080, observing that a
zero-center meter indication is obtained within £1/2
of 2 small division on the vernier Readout dial.

If the results of step & are not obtained, adjust the
vernier Readout dial for an exact zero-center meter
indication and loosen the set screw that secures
the vernier dial indicator to the potentiometer
shaft. Refer to Figure 4-15 for location of the set
strew,

Position the vernier dial indicator for a front panel
indication of 80 and securely tighten the set screw.

Remove the calibration voltage from the Model 803

and place a shorting jumper between the L.O and HI
INPUT terminals.

Place the Model 883 controls as follows:

POWER ON/LINE OPR
RANGE 10

NULI, SENS . 001

MODE +

Readout dials 0. 000

Rotate the vernier Readout dial until a {ull-scale
(1) meter pointer indication is obtained, obgerving
that the vernier Readout dial indication is between
g and 11.

MODEL B93AR

SET SCREW

e

4-55.

4-56,

Figure 4-15, VERNIER DIAL SET SCREW LOCATION

AC CONVERTER CALIBRATION

To calibrate the AC Converter, apply ac power

to the instrument and proceed as foilows:

a.

Place the Model 883 controls as fellows:

POWER
RANGE
NULL SENS
MODE
Readout dials

ON/LINE OPR
100

0.1

AC

100. 0 09

Apply a calibrated 100 volts ac signal at 400 Hz
between the HIGH and LO INPUT terminals and ad-
just ATR31 for a mefer indication of zerc-center
+1/2 major division,

Apply a calibrated 100 volt ac signal at 50 kHz
between the I and LO INPUT terminals and adjust
the stray capacity compensator slightly, using

a/22{11



an insulated tool, for a meter indication of zero-
center +1 major division. The stray capacity
compensator is located between front pangl and
chassis of the instrument along with R12, 'This
adjustment is accessible from the top of the Model
893A and from the bottom of the Model 893AR,

CAUTION!

The 100 VAC input volfage is present on the
stray capacity compensator,

Set the Readout dials to 0L 0 00

Apply a calibrated one volt ac signal &t 400 Hz be-
tween the HI and LO INPUT terminals, A meter
indication of zero-center +one small division should
be obtained.

Apply a calibrated oné volt ac gignal at 50 kHz
between the HI and LO INPUT terminals and adjust
ATC15 for the same meter indication obtained in
step a.

Repeat steps ¢ through { until the specified resulls
are obtained.

Set the Readout dials to 10 0.0 00 and perform the
checks indicated in Figure 4-16.

MODEL 893 AC
INPUT VOLTAGE

METER INDICATION
(= MAJOR DIVISIONS)

100 vac, 10 kiz g £1.5m.d.
100 vae, 100 kHz f +7m. d.*
100 vac, 20 Hz 4 +7m.d.

*NULL SENSE TO 1.0

g93A

Plage the RANGE switch to its | volt range position
and set NULL SENS TO .001.

Apply a calibrated one volt ac signal at 400 Hz be-
tween the HI and LO INPUT terminals and adjust
ATR35 for a meter indication of zero-cenfer £1/2
major divisions.

Apply a calibrated one volt ac signal at 50 kHz be-
tween the HI and LO INPUT terminals and adjust
ATC22 for a meter indication of zero-center £1/2
major divisions.

Perform the one volt range checks indicated in Fig-
ure 4-18, observing that the specified results are
cbtained.

MODEL 893 AC
INPUT VOLTAGE

METER INDICATION
{& MAJOR DIVISIONS)

1vae, 10kHz” # #1.5m.d
1 vac, 100 kHz # £2.5m. d.*
1vac, 20 Hz g +7m.d.

* NULL SENS to , 01

Figure 4-18. 1 VOLT RANGE CHECKS

Set the Readout dials to . 10000 and perform the range
checks contained in Figure 4-19, observing that the
specified results are obtained.

MODEI: 893 AC
INPUT VOLTAGE

METER INDICATION
(¢ SMALL DIVISIONS)

Figure 4-16, 100 VOLT RANGE CHECKS

Place the RANGE switch to its 10 volt range position
and set NULL SENS TO .001.

Apply a calibrated 10 volt ac signal af 400 Hz belween
the HI and LO INPUT terminals and adjust ATR33 for
a meter deflection of zero-center +1/2 major
divisions.

Apply a calibrated 10 volt ac signal at 50 kHz between
the HI and L.O INPUT ferminals and adjust ATC2}
for 2 meter indication of zero-center +1/2 major
divisions.

Perform the 10 volt range checks indicated in Fig-
ure 4-17, cbserving that the specified results are
obtained.

MODETL 893 AC
INPUT VOLTAGE

METER INDICATION
{+ MAJOR DIVISIONS)

10 vac, 10kHz g 1.5 m.d.
10 vac, 100 kHz # £2m.d. *
10 vac, 20 Hz g +7m. d..

*NULL SENSE TO .1

Figure 4-17. 10 VOLT RANGE CHECKS

2110/75

0.1 vae, 400 Hz gl s
0,1 vae, 50kHz g x3 s

Figure 4-19. 1 VOLT RANGE (0.1 SCALE} CHECKS

Set the Readout dials to . 00100 and perform the range
checks contained in Figure 4-20, cbhserving that the
specified resulfs are obtained,

MODEL 893 AC
INPUT VOLTAGE

METER INDICATION
(¢ SMALL DIVISIONS)

0.001 vac, 50 kHz
0.001 vac, 400 Hz

7 xis.d,
g +1/2s.d.

Figure 4-20, 1 VOLT RANGE (0.001 SCALE) CHECKS

Place the RANGE switeh to its 1000 volt range po-
gition and set the Readout dials to 500. 00,

Apply a calibrated 500 volt ac signal at 400 Hz be-
tween the HI and LO INPUT terminals and adjust

4-17
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A'TR29 for a meter indication of zero-center +1/2
major divisions.

Apply a calibrated 500 volt ac signal at 10 kHz be-
tween the HI and LO INPUT terminals, observing that
the meter indicates zero-certer £1/2 major divisions,

v. Setthe Readowd dials to 10 00, 00 and apply a 1000 volt
ac signal at 10 kHz, observing that the meter indi-
cates zero-center £5 major divisions.

4-57. When the results of these calibration adjustments
are obtained, the Model 883 is fully calibrated, and the
test equipment can be disconnected from the instrument.



SECTION V

LIST OF REPLACEABLE PARTS

5-1.  INTRODUCTION

5-2. This section of the manual contains a listing
of replaceable components for thig 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 degignation beginning with the letter A
followed by a number {e.g., Al ete.). Electrical com-
ponents appearing on the schematic diagram are iden-
tified by their schematic diagram reference designation.
Cormponents not appearing on the schemafic diagram
are consecutively numbered throughout the parts list.
These components are identified with whole numbers on
the arrow call-out illustrations and by index numbers
on the grid illustrations. Flagnotes are used through-
out the parts list and refer to special ordering explan~
ations that are located in close proximity to the flag-
notes.
5-4. COLUMN DESCRIPTION
#&. The REF DESIG column indexesthe item descrip-
tion to the assoclated illustration. In general the
reference designations are listed under each as-
sembly in alpha-numeric order, Subassemblies
of minor proportions are sometimes listed with
the 1ssembly of which they are a part. In this case,
the reference designations for the components of
the subassembly may appear out of order.

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

¢. The DESCRIPTION column describes the salient
characteristics of the component. Indention of the
description indicates the relationship to other as-
semblies, components, ete. In many cases it is
necessary to abbreviate in this column. For ab-
breviations and symbols used, see the following
page.

d. The ten-digit part number, by which the item is
identified at the John Fluke Mig. Co., is listed

in the STOCK NO, column, Use this number when
ordering parts from the factory or authorized
represgentatives,

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 Appendix.

The part number which uniguely identifies the item
to the original manufacturer ig 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 guantity of the
items used in the instrument and reflects the latest
Use Code. Second and subsequent listings 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 assembly.

Entries in the REC QTY column indicate the recom-
mended number of spare parts necessary to support
one to five instruments for a peried of two years,
This list presumes an availability of common elec-
tronic parts at the maintenance gite, For mainten~
ance for one year or more at an isolated side, it is
recommended that at least one of every part in the
instrument be stocked. 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 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
which a Use Code has been assigned may be iden-
tified with a particular instrument serial number
by consulting the Serial Number Effectivity List
at the end of the paris list. Sometimes when a
part is changed, the new part can and should be
used as a replacement for the original part, In
this event a parenthetical note is added in the
DESCRIPTION column,

5-1
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5-5. HOW TO OBTAIN PARTS

5.6, Btandard components have been used wherever
possible. Standard components may be ordered directly
from the manufacturer by using the manufacturer's part
number, or parts may be crdered from the John Fluke
Mig. Co, factory or authorized representative by using
the Fluke part number. In the event the part you order
has been replaced by a new or improved part, the re-
placement will be accompanied by an explanatory note
and installation insiructions, if necessary,

5-7.  You can insure prompt and efficient handling of
your order to the John ¥Fluke Mfg. Co. # you include
the following information:

a. Quantity.

5-8. LIST OF ABBREVIATIONS

b, FLUKE Stock Number,

e, Description,

d. Reference Degignation.

€. Instrument model and serial number.

Example; 2 each, 4805-177105, Transistors, 2N3565,
Q107-108 for 845AR, s/n 168,

I you must order structural parts not listed in the parts

list, deseribe the part as completely as possible, A

sketch of the part showing its location to other parts of
the instrurnent is usually most helpful.

ac alternating current

Al Aluminam

RIND ampere

assy assembly

cap capacitor

car flm carbon film

C centigrade

cer ceramic

comp composition

eonn connector

db decibel

de direct current

dpdt double-pole, double-throw
dpst double-pole, single-throw
elect electrolytic

F fahrenheit

Ge germanium

gmv guaranteed minimum value
h henry

Hz hertz

hf high frequency

c integrated circuit

if intermediate frequency
k kilohm

kHz kilohertz

kv kilovolt

If iow frequency

MHz megahertz

M megohm

met flm  metal {ilm

ua microampere

uf microfarad

uh microhenry

usec microsecond

uv microvolt

ma milliampere

mh millihenry

m milliochms

msec millisecond

mv millivolt

mw miliiwatt
. na nancampere
nsec nanosecond
nv nanovolt
Q ohm
ppm parts per million
piv peak inverse voltage
p-p peak to peak
pf picofarad
plste plastic
p pole
pes position
P/C printed circuit
ri radio frequency
rfi radio frequency interference
res resistor
rms root mean square
riry rotary
sec¢ second
sect section
S/N serial number
Si silicon
ser silicon controlled rectifier
spdt single-pole, double-throw
spst single-pole, single-throw
sW switch
Ta tantalum
istr transistor
tym trangistor voltmeter
uhf uitra high frequency
vivm vacuum fube volimeter
var variable
vhi very high frequency
vif very low frequency
v volt
va voltampere
vae volts, alternating current
vde volis, direct current
w watt
ww wire wound

3-2

8934



[FRVITFEY

REF JINDEX
DESCRIPTION STOCK MER MFR TOT|REC| USE
DESIG] NO NO PART NG [QTY|QTY|CODE
AC/BC DIFFERENTIAL VOLTMETER 8934
Figure 5-1
Al Front Panel Assembly
(See Figure 5-2)
A2 Reference Amplifier P/C Assembly [1702-232793 189536 |1702-232793 | 1
(See Figure 5-3) (891A -4001)
A3 Reference Inverter P/C Asgembly [1702-250175 89536 |1702-250175 1
{See Figure b-4} (893A-4002)
Ad Null Detector P/C Assembly 1762-232819 (89536 |1702-232819 | 1
(See Figure 5-5) (891A-4003)
AB Kelvin-Varley P/C Assembly 1702-232827 ;89538 [1702-232827 1
(See Figure 5-6) (8914 -4004)
AT AC Converter P/C Assembly 1702~250167 {89536 |1702-250167 1
{See Figure 5-7) {893A-4001}
AB Rear Panel Assembly
(Bee Figure 5-8)
M1 Meter, 00-0-100 ua 2901-236513 [ 89536 |2901-236513 | 1
P1,p2 Line cord {not illustrated) 6005-226100 [ 91934 2270
R1 Res, car {lm, 90M z1%, 2w 4703-192138 {75042 |MEHT-X 1
R2 Res, car {lm, 9M =0.5%, 1w 47031075657 {16042 | Type Cl3 1
R3 Res, car flm, 1Mx1%, 1/2w 4703-107219 75042 {'Type Cl2 1
R4 Res, car flm, 90k 0. 5%, 1/2w 4703-107292 75042 | Type C12 1
RS Res, car flm, 9k £0.5%, 1/2w 4703~107250 | 75042 | Type Cl12 1
RE Res, car flm, 9009 +0.5%, 1/2w 4703-107771| 15042 | Type Cl2 1
R7 Res, car flm, 1008 +0.5%, 1/2w 4703107730 | 75042 |[Type Ci12 1
R9 Res, comp, 1k x10%, Iw 4704-109371 | 01121 ; GB1021 1
Ri2 Res, met flm, 1M, matched set 4705-245597 | 89536 | 4705-245597 | 1
with ATR3IT
R13,R14 Res, met flm, 100k +1%, 1/2w 4705-151316 | 75042 | TypeCEC-TO | 2 D
s1 Switch, rotary, RANGE, DCsection 5105-254573 | 88536 |5105-254573 | 1
82 Switch, rotary, POWER 5105-24201% | 89538 |5105-242017 | 1
53 Switch, rotary, NULL 5105-242875 | 89536 |5105-2428756 | 1
34 Switch, rotary, MODE 5105-250585 | 89338 | 5105-250565 1
54A Switch wafer, MODE, deck "A" 5105-250530 | 85538 | 5105-250530 | 1
1 Coupler, power switch, mode 2402104505 | 88536 | 2402-1045056 | 2
wafer
2 Cover, bottom (not illustrated) 3156-230169 | 89536 | 3156-23016%9 | 1
5-3
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Diif@ INh?ch DESCRIPTION TN | MPR P:;:T\io ;?: gErg clésga
3 Cover, top (not illustrated) 3156-230151| 89536 | 3156-230151 | 1
4 Dial, 0-9 2403-232215] 88536 | 2403-232215 2
5 Dial, 0-10 2403-232207| 89536 | 2403-232207 | 1
] Dial, 0-100 2403-242850| 89536 | 2403-242859 | 1
7 Foot, plastic (not illustrated) 3155-2300371 89536 | 3155-230087 1 4
8 Handle 2006-231456] 89536 | 2006-2314561] 1
9 Indicator, ON-OFF {lag 3156-232223] 39536 3156-232223 1
10 Shaft, power switch 2406-250563] 89536 | 2406-250583 1
11 Trim strip, front (not illustrated) 3154-230771} 89536 | 3154-230771 ] 2
12 Trim strip, rear (not illustrated) 3154-2307688) 89536 | 3154-230780 | 2
13 Trim strip, side insert (not 3155-230920] 89536 | 3155-230920( 2
illustrated)
AB
i
Figure 5-1. 893A AC/DC DIFFERENTIAL VOLTMETER (Shest 1 of 2)
5-4 2/10/75
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(See 893A-01 Option)
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Al

Figure 5-1, 892A AC/DC DIFFERENTIAL VOLTMETER (Sheet 2 of 2)
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REF JINDEX STOCK MFR TOT|REC| USE
F
DESIG| NO DESCRIPTION NG MFR | partno |aTvlarY|coDE
Al FRONT PANEL ASSEMBLY (893A)
Figure 5-2
C1 Cap, plste, 0,047 uf £20%, 1.2kv | 1507182683 | 99217 | MR473L12
(across J2 and J3)
J1 Binding post, red, HI 2811-226308 | 58474 | DF2IRC
J2 Binding post, red, LO 2811-226308 | 58474 | DF2IRC REFR
J3 Binding post, black GROUND 2811-226282 | 58474 | DF21BC
R8 Res, comp, I00M =10%, 1/2w 4704-190520 ) 01121 | EB1071
{across J2 and J3)
14 Knob, Digit 2405-158949 | 88536 | 2405-158949
15 Knob, NULL SENS, MODE, 2405-158956 | 89536 | 2405-158856
RANGE
16 Knob, POWER 2405-235689 | 89536 | 2405-235889
17 Link, shorting 2811-101220) 24655 | 938L
18 Panel, front 1406-244558 | 89536 1406-244558
18 Panel, front (893A/AC) 1406-314734 | 89536 | 1408-314724
Jt
J2
17 ok
43 ANGE:
0 1081080 .
15
— 4
{4 places)
Figure 5-Z., FRONT PANEL ASSEMBLY (893A)
5-6 6/16/72
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REF {INDEX STOCK MFR TOTIREC| USE
MF
DESIG| NO DESCRIPTION NO "1 parrno |atY|oTY{coDE
A7 REFERENCE AMPLIFIER P/C 1702-232793 | 89536 | 1702-232793 |REF
ASSEMBLY -Figure 5-3 {891A-4001)
NOTE: The Reference Amplifier P/C As-
sembly {A2), the Reference Inverter P/C
Assembly (A3) and their intermatched re-
sistor set can be ordered under one part
number, 1702-250208 (893A -4005).
C1l F4~P1 Cap, elect, 400uf +5§/—10‘%,49V 1502-185868 | 73445 C43TARG400 | 2 1
Cc2 D4-P1 Cap, elect, 400uf +50/-10%, 40v 1502-185868 | 73445 C437TARGA00 |REF
c3 | Fa-R1 Cap, plste, 0.22uf +20%, 250y 1507-194803 {73445 | C280AE/ 2
P220K
C4 FZ2-Q1 Cap, plste, 0.1laf £20%, 250v 1507-161992 173445 C280AE/ T
P160K
cs | F2-p5 Cap, plste, 0. luf £20%, 250v 1507-161992 {73445 |C280AE/ REF
P100K
C6 C3-82 Cap, plstc, 0, 22uf +20%, 250v 1507-194803 | 73445 C280AE/ REF
P220K
CT | H2-T5 Cap, plste, 0. 1luf £20%, 250v 1507-161992 [73445 |C280AE/ REF
' P10OK
Cc8 15-U1 Cap, plste, 0. luf %20%, 250v 1507-181992 [73445 C280AER/ REF
P16OK
C9 13-P3 Cap, Ta, 3. 3uf £10%, 20v 1508-182808 (05397 K3R3C20K 1
CR1 13-F3 Diode, silicon, 150 ma, 6 piv 4802-113308 107910 CD13161 2 1
CR2 E1-P5 Diode, silicon, 150 ma, 6 piv 4802-113308 07310 CD13161 REF
CrR3 |Di1-82 Diode, zener, matched >
CR4 |D3-83 Diode, zener, matched =
CRS 15-P3 Diode, zeper, 15v 4803~246033 (07910 |INS65A 1 1
CRS F1-81 Diode, silicon, 100 ma at 1.5v 4802261370 (22767 181330 3 1 B
Q1 H4-R5 Tstr, silicon, PNP 4805-229898 104713 MP36522 5 1
Q2 I2-R1 Tstr, silicon, NPN 4805-183004 {95303 40250 3 i
Q3 Eb-R2Z Tstr, silicon, NPN 4805-220087 {03508 12E-1616 1 1
Q4 H2-P1 Tstr, silicon, NPN 4805-168708 03508 2N3391 11 1
Q5 D2-@1 Tstr, silicon, NPN 4805-168708 103508 2N3391 REF
Q6 DiI-Q3 Tstr, silicon, NPN 4805-168708 03508 2N3391 REF
Q7 Fi-Q2 Tstr, silicon, PNP 4805-203364 07263 ZN3638 2 1
Q8 G4-Q1 Tatr, silicon, NPN 4805-168708 03508 2N3391 REF
Q9 G4-Qb Tstr, silicon, NPN 4805-168708 03508 2N3391 REF
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Figure 5-3. REFERENCE AMPLIFIER P/C ASSEMBLY
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INDEX

DI:E::G NO DESCRIPTION STI?SK MFR PAN;?;RNO ::?3 gii Cl(jDSéE
Rl | J1-P3 Res, comp, 15k 5%, 1/4w 4704-148114] 01121 | CB1535 1
R3 H1-RS Res, comp, 2.7k +5%, 1/4w 4704-170720] 01121 CB2725 1
R4 J4-T3 Res, comyp, 62k +5%, 1/4w 4704-220053) 01121 | CB6235 i
R6 | H5-P3 Res, comp, 1k 5%, 1/4w 4704-148023| 01121 | CB1025 10
RE E5-Q3 Res, met flm, 196k +1%, 1/2w 4705-1615131 75042 gsg}e CEC- 2
R7 | F2-Q4 Res, comp, 1k 5%, 1/4w 4704-148023] 01121 | CB1025 REF
RS | H3-P3 Res, comp, 47k =5%, 1/4w 4704-148163| 01121 | CB4735 1
R |I12-P3 Res, comp, 680k +5%, 1/4w 4704-188433| 01121 | CB6845 2
R10 | E1-Q5 Res, comp, 1k+5%, 1/4w 4704-148023] 01121 | CB1025 REF
R11 | E4-Q2 Res, met flm, 196k + 1%, 1/2w 4705-1615131 75042 ggpe CEC- |REF
R12 {1 E2.Q4 Res, comp, lk +5%, 1/4w 4704-1480623) 01121 : CB1025 REF
R13 | Gi-R1 Res, comp, 100k 5%, 1i/4w 4704-148189] 01121 | CB1045 3
R14 | F5-81 Res, ww, matched =
Ri5 | H2-Q4 Res, comp, 3k +5%, 1/4w 4704-1935081 01121 § CB3025 1
R16 | G2-Q4 Res, met {lm, 9kx1%, 1/2w 4705-159434 | 75042 $g)pe CEC- | 1
RIT | F3-R5 Res, ww, 4k 20, 03%, 1w 4707-131672 1 89536 | 4T07-131672] 1
R18 I G1-R5 Res, ww, 10k +0, 05%, 1w 47077-131664 1 89536 | 4707-131664] 1
R19 | E3-T4 Res,var, ww, 3k x10%, 1-1/4w 4702-112458 ] 71450 | Type 110 1
R20 [ H3-Q4 Res, met flm, 60.4k £1%, 1/2w 4705-161067 | 75042 | Type CEC- 1

TO
R21 | D4-82 ‘Res, ww, 12.525k, matched = !
R22 [E4-52 Res, ww, 12.525k, matched =
RZ3 |C5-82 Res, met flm, 489k £1%, 1/2w 4705-151332 1 75042 | Type CEC- | 2
R24 {D4-Q2 Res, met flm, 34k £1%, 1/2%w 4706-151241 | 75042 ’gg{}e CEC- 1
R25 JC1-R3 Res, comp, 22kx5%, 1/4w 4704-148130 1 01121 | CB2235 2
R26 |C2-T5 Res, var, ww, 1k&20%, 1-1/4w 4702-111575 | 71450 | Type 110 2
R27 |E2-53 Res, ww, matched i
RrR28 1C3-Q3 Res, met fim, 95.3Q1%, 1/9w 4705-165127 § 75042 | Type CEC- 1
: TO
R2¢ |B5-Q3 Res, met flm, 47.5Q4 1%, 1/2w 4705-151290 | 75042 | Type CEC- | 1
TO

5.9
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USE

REF [INDEX STOCK MFR TOT|REC
DESCRIPT! MFR :
DESIG| NO RIPTION NO PARTNO _|QTY|QTY|cODE|
R30 | B5-R5 Res, met flm 52. 30 + 1%, 1/2w 4705-155069 | 75042 | Type CHC- 1 o
TGO
R31 | E1-R4 Res, ww, 49. 488k 0. 05%, 1w 4707-163444 | 85536 | 4707-163444| 1
R32 | G3-52 Res, ww, matched e
R33 | G3-T3 Res, var, ww, 250 £10%, 1-1/4w 4702-161703 ] 71450 | Type 110 2
R34 [ H1-85 Res, ww, 49, 488k, matched =
R35 | 13-T4 Res, var, ww, 25Q= 10%, 1-1/4w 4702-161703 1 71450 | Type 110 [REF
R36 | G4-82 Res, ww, 5.48lk, matched B
R37T | F1-R5 Res, comp, 1k £5%, 1/4w 4704-148023 | 01121 | CB1025 REF D
i
l> CR3, CR4, Ri4, R27 & R32 are a factory matched set and must be
replaced as an entire set, For replacement, order Zener-Resistor
Set, part number 4807-219303.
[  A2R21, A2R22/A3R12, A3R13, A3R15 & A3R16 are factory matched
for tolerance and temperature coefficient. Individual resistors can
be replaced by giving model, serial number, full reference desigration
and all information stamped on the resistor,
[ R34 & R36 are factory matched and must be replaced as a set. For
replatement, order Reference Divider Resistor Set, part number
4710-219285,
610

883A



REF [INDEX STOCK MFR TOT|REC; USE
DESCRIPTION
DESIG] NO SCRIPTIO NG MFR PART NO [QTY|QTYICODE
A3 REFERENCE INVERTER P/C ASSEMBLY [1702-250175 | 89536 [1702-250175 |{REF
Figure 5-4 {893A-4002)

Note: The Reference Amplifier P/C As-

sembly (A2), the Reference Inverter P/C

Assembly {A3) and their intermatched re-

gistor set can be ordered under one part

number, 1702-250209 (893A-4005).
C1  |F4-s4 Cap, elect, 400 uf +50/-10%, 25v |1502-168153 | 73445 | C437ARF400 | 2 | 1
c2 |H4-O1 Cap, elect, 400 uf +50/-10%, 25v |[1502-168153 | 73445 | C437ARF400 |REF
C3 E4-T3 Cap, plste, 0.1 uf £20%, 250v 1507-161992 | 73445 C280AE/PLUK |REF
C4 G4-R3 Cap, elect, 5 uf +50/-10%, 64v 1502-218966 | 73445 C42B8ARHEG 2 1
Ch G4-R2 Cap, elect, 5 uf +50/-10%, 64y 1502-218966 | 73445 | C426ARHS IREF
Cé G2-84 Cap, plste, 1 uf £20%, 250v 1507~190330 | 73445 | C280AEPIM; 1 1
CcY G1-24 Cap, plste, 0.47 uf +20%, 600v 1507-106484 | 72928 | 363-114M 2
c8 Gi-P1 Cap, plste, 0,47 uf £20%, 600v 1507-105484 | 72928 § 383-114M REF
Co 13-P5 Cap, plste, 0. 047 uf +20%, 1.2 kv 1507-182683 | 98217 {1 MR473L.12 REF
C10 B5-T2 Cap, Ta, 68 uf +10%, 16v 1508-182824 | 05397 K68C15K 2
Cli B5-T4 Cap, Tz, 68 uf £10%, 15v 1508~182824 | 05397 K68C15K RE F
C12  |B5-N5 Cap, cer, 0.05 uf+80/-20%, 500v |1501-106676 | 56289 | 33C58 H
CR1 IE3-T3 Diode, germaniuvm, 80 ma, 100 piv [4802-149187 | 49956 | 1N270 1
CR2 F3-R3 Diode, silicon, 1 amp, 100 piv 4802-116111 § 06277 1N4817 6 i
CR3  |F3-R2 Diode, silicon, 1 amp, 100 piv 4802-116111 { 056277 | 1N4817 REF
CR4 F3-Q1 Dicde, silicon, 1 amp, 600 piv 4802-112383 05_-27’2’ 1N4822 4 1
CR5 |G3-Q1 Diode, silicon, 1 amp, 600 piv 4802-112383 | 05277 1N4822 REF
CRG6 F3-P5 Dicde, silicon, 1 amp, 600 piv 4802-112383 | 05277 1N4822 REYF
CRT G3-P5 Diode, silicon, 1 amp, 600 piv 4802-112383 | 05277 | 1N4822 REF
CR8 |C3-T5 Diode, germaniura, 80 ma, 100 piv [4802-149187 | 49956 | 1N270 REF
CRS [B4-T1 Diode, germaniun, 80 ra, 100 piv [4802-149187 | 49956 1IN270 REF
L1 (4-51 Choke, 470 uh, 180 ma 1801-147827 | 72259 | WEE-470 1 C
L1 E5-T3 Choke, 47 uh, 420 ma 1801-147850 | 72259 | WEE-47 2 D
1.2 C3-T2 Choke, 47 uh, 420 ma 1801-147850 | 72259 | WEE-47 IREF D
L1 E3-T3 Choke, RF, 75 uh, 10m$2 1804-286427 | 89536 | 1804-286427 | 2 G
12 C3.12 Choke, RF, 75 uh, 10m& 1804286427 | 89536 | 1804-286427 [REF G
Q1 E2-83 Tstr, silicon, NPN 4805-183004 | 95303 402560 REF
Q2 C5H-83 Tstr, silicon, NPN 4805-183004 | 95303 | 40250 RETF
R} H2-R4 Res, comp, 26 £5%, 1/2w 4704-2187356 | 01121 EB20G5 1
R2 G4-51 Reg comp, 10k 5%, 1/4w 4704-148106 | 01121 | CB1035 6
R3 E1-T4 Res, comp, 338 +5%, 1/4w 4704-175034 | 01121 CB3305 2
9/22/71 5-11

RA%A



M N P Q R 8 T U v
1]21314]5]112]3[4|5)1]213]4f51112|314[5[1i2]{3]4(5]1(21314i{5l1|2|3]4]|5]1i2l3l4]501i2(3[4]5

L

K

J

I

H

G

F

E

i3]

C

B

A

1i2|3lalsiaialalalslafalaialslalalalals]alalalelsaizlalalsfa]alsla]slalal3l4lsta]aslals]1]2|3l4]s5]alalsl4]5]1]2]3]a]5
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S srogt | wen | Jrorfeec]use
R4 {E2-T2 Res, comp, 330 5%, 1/4w 4704-175034 | 01121 | CB3305 REF
Rs {D2-Td Res, var, ww, 1k 20%, 1-1/4w 4702-1115%5 | 71450 | Type 110 REF
RE {H1-RE Res, comp, 1000 5%, 1/4w 4704-147926 | 01121 | CB1015 4
R7 (H2-54 Res, comp, 5.1ks5%, 1/4w 4704-193342 | 01121 | CBB125 1
R8 {H2-T3 Res, var, ww, 6k +5%, 1-1/4w 4702-113209 | 71450 | Type 110 2
RS [J1-Q4 Res, comp, 5. 6M £10%, 1/2w 4704~178558 | 01121 | EB5651 3
R10 J2-Q4 Res, comp, 5.6M x10%, 1/2w 4704-178558 | 01121 | EB5SE5H1 REF
R1i {J3-Q4 Res, comp, 5.6M +10%, 1/2w 4704-178558 §{ 01121 | EBbH651 REF
R12 {H5-53 Res, ww, 1M, matched (=
R13 |15-82 Res, ww, 1M, matched T
R14 |J1-TH Res, var, ww, 1008 £20%, 1-1/4w {4702-112797 | 71450 | Type 110 1
R15 }y3-83 Res, ww, 98.582k, maiched [}
R16 |%1-83 Res, ww, 88,582k, matched =
RI7 |F1-T2 Res, comp, 4700 £5%, 1/4w 4704-147983 | 01121 | CB4T15 5 D
R18 |C4-T2 Res, comp, 4708 £5%, 1/4w 4704-147983 | 01121 | CB4715 REF
R19 {D1-N5 Res, comp, 1008 5%, 1/4w 4704-147926 | 01121 | CB1015 REF
T |D3-Q5 Transformer, toroid 5602-250415 | 89536 | 5602-250415 | 1
[~  A2ZRZ1, AZR22/A3R12, A3R13, A3R15 & A3RI16 are factory matched

for tolerance and temperature coefficient. Individual resistors can

be replaced by giving model, serial number, full reference designation

and all information stamped on the resistor.

9-22.71 5-13
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Figure 5-5, NULL DETECTOR P/C ASSEMBLY
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e o0 e | e Tirfaecl v
A4 NULL DETECTOR P/C ASSEMBLY |17062-232816 | 89536 | 1702-23281¢9 |REF
Figure 5-5 (891A~40663)
C1 G1-Q5 Cap, plste, O.1uf £20%, 120v 1507-187460 | 89217 | Type SEC 2
c2 G4-Q85 Cap, plste, 0. Iuf +20%, 120v 1507-167460 | 99217 | Type SEC REF
C3 12-R5 Cap, plste, G.047uf + 10%, 80v 1507-185099 | 56288 | 192P4739R8 | 2
C4 H4-85 Cap, cer, 3pf £10%, 500v 1601-2268316 | 00656 | Type Cl~1 1
C5 G5-T1 Cap, plste, 0. 1uf £20%, 250v 1507-161992 | 73445 | C2B0AE/ REF
' BP1OOK
Ccé J1-Q4 Cap, elect, 50uf +50/-10%, 25v 1502168823 | 73445 | C426ARFS50 | 4 i
cn H3-Q3 Cayp, plste, 0.0047uf +206%, 200v 1507-106054 | 58288 | 192P47202 1
C8 J1-S2 Cap, plste, 0.01uf x10%, 200v 1507-168450 | 14655 | DMF2S1 1
Ccg K1-Q5 Cap, elect, 50uf +50/-10%, 25v 1502-168823 | 73445 | C426ARP30 |REF
C10 | 13-Q3 Cap, mica, 2, 200pf 5%, 500v 1504-148346 | 146535 | CD18¥F222J |1
C1i1 | J4-@5 Cap, elect, 50uf +50/-10%, 25v 1502-168823 | 73445 | C426ARF50 |REF
Ci2 | E1-QB Cap, elect, 10uf +50/-10%, 25v 1502-170266 | 73445 | C426ARF10 |1 1
C13 | E3-Q5 Cap, elect, 400uf +50/-10%, 4v 1502-187773 | 73445 | C426ARB400 | 1 1
Ci4 | C2-82 Cap, plste, 0.022uf £5%, 200v 1507-233973 | 56289 | 192P22352 2
C15 | C3-82 Cap, pistc, 0.022uf 5%, 200v 1507-233573 | 56289 | 192P22352 |REF
€16 | D1-P3 Cap, plste, 0.1uf £ 20%, 250v 1507-161992 | 73445 | C280AE/ REF E
P10OK
C17T | B5-P3 Cap, plste, 0. 1uf £20%, 250v 1507-161992 | 73445 | C280AE/ REF E
P10OK
C18 | D3-P3 Cap, elect, 125uf +50/-10%, 16v 1502-186206 | 73445 | C426ARE125 | 2 1
Ci9 | C2-B3 Cap, elect, 125uf +50/-10%, 16v 1802-186296 | 73445 | C426ARE125 |REF
C20 | Fi-84 Cap, elect, 80uf +50/-10%, 16v 1502-192914 | 73445 | C426ARES0 | 1 3
CR1 | ¥4-838 Diode, silicon, treated 4802-180885 | 89536 | 4802-180885 | 2 1
CRZ | F4-82 Diode, silicon, {reated 4802-180885 | 89536 | 4802-180885 {REF
CR3 | C5-P3 Diode, germanium, 8CGma, 100 piv ]4802-149187 | 49956 | IN270 REF
CR4 | B4-P2 Diode, germanium, 80ma, 100 piv [4802-149187 | 49956 |IN270 REF
Q1 H4-R5 Tstr, MOS, P-channel 4805-226043 | 07283 | FT704 1 1
Q2 1-Q4 TFstr, silicon, NPN 4805-242085 | 04713 | 2N5083 2 1
Q3 I3-P3 Tstr, silicon, NPN 4805-2420685 | 04713 | 2N5088 REF
Q4 H5-P2 Tstr, silicon, NPN 4805-168708 | 03508 | 2N3391 REF

5-15



Esio| NG DESCRIPTION Vo | MR | parno |arv]om cooe
Q5 G3-p2 Tstr, silicon, PNP 4805-229898 | 04713 | MPB3G6522 REF
Qb F4-p2 Tstr, germanium, NPN 4805-117127 } 01288 | IN1304 1 H
Qr Fl-P2 Tetr, germanium, PNP 4805-190298 | 95303 | 2N1305 1 1
Q8 pE-82 Tstr, germanium, NPN 4605-182691 | 01285 | GA3937 1 i
Q8 C5-R2 Tsrt, silicon, NPN 4805-168708 | 03508 | 2N3391 REF
Q10 | B4-R1 Tstr, silicon, NPN 4805-168708 | 03508 | 2N3391 REF
QL1 B2-55 Tstr, silicon, NPN 4805-168708 | 03508 | 2N3391 REF
R1 G1-85 Res, comp, 470k +10%, 2w 4704-110247 | 61121 | HB4T41 1
RZ G3-31 Res, comp, 470k 5%, 1/4w 4704-188441 | 61121 | CB4745 1
R3 H3-52 Res, car flm, 330k +1%, 1/2w 4703-107359 | 75042 | Type C12 1
R4 G2-T1 Res, comp, 560 :5%,1 4w 4704-147900 | 01121 | CB5605 1
R5 H3-T4 Res, var, ww, 500Q £10%, 1-1/4w (4702-112433 | 71450 | Type 110 i
RE H2-R1 Res, car flm, 109 +1%, 1/2w 4'703-107789 | 75042 | Type C12 1
RT H1-84 Res, comp, 10M +5%, 1/4w 4704-194944 { 01121 | CB1065 1
RS H5-R1 Res, comp, 3.3M £10%, 1/2w 4704~108282 | 01121 | EB3351 1
R9 H5-Q2 Res, comp, 1.5M £5%, 1/4w 4704-182857 1 01121 | CB15585 1
R1G | J4-82 Res, met flm, 1698 +1%, 1/2w 4705-351183 | 75042 r’?‘ype CEC- 2

8]
RI11 K2-81 Res, comp, 680k +5%, 1/4w 4704-188433 | 01121 | CB6B4S REF
R1Z 11-Q2 Res, comp, 1M 5%, 1/4w 4704-182204 | 01121 | CB1055 1
R13 156-Q2 Res, comp, 27k +5%, 1/4w 4704-148148 | 01321 | CB2735 2
Ri4 | H1-E3 Res, comp, 10k 5%, 1/4w 4T704-148106 | 01121 | CB1635 REF
R15 | I5-82 Res, met {lm, 80.6k + 1%, 1/2w 4705-150680 | 75042 gﬁ)pe CEC- 1
Ri16 | J3-52 Res, met flm, 1692 +1%, 1/2w 4705-151183 | 75042 | Type CEC- {REF
TO
R17 | J3-T4 Res, var, ww, 10k £20%, 1-1/4w  [4702-112862 | 71450 | Type 110 7
Ri18 | K1-32 Res, met flm, 10k +1%, 1/2w 4705-151274 | 75042 gépe CEC- 1
R19 E4-F3 Res, comp, 27k +5%, 1/4w 4704-148148 | 01121 | CB2735 REF
R20 E2-P2 Res, comyp, 1k +5%, 1/4w 4704-148023 | 01121 CR102% REF
R21 E1-RE Res,  comp, lk 5%, 1/4w 4704-148023 | 01121 | CR1025 REF
R22 | E4-33 Res, met flm, 2,55k 1%, 1/2w 4705-176362 | 75042 | Type CEC~ 2
TO
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REF {INDEX STOCK MFR TOT|REC| USE
F
BESIG] NO DESCRIPTION NO MER PART NO 1QTY QTY|CODE
R23 | D4-R2 Res, comp, 38k +6%, 1/4w 4704-188466 | 61121 CB3935 1
R24 | C2-Q5 Res, met flm, 383k 21%, 1/2w 4708-176388| 75042 | Type CEC- 1
TO
R25 | C3-Q5 Res, met flm, 499k +1%, 1/2w 4705-151332 | 75042 Type CEC- [IREF
TO
R26 | B4-T1 Res, comp, 10k £5%, 1/4w 4704-148106 ) 01121 | CR1035 REF
R27 | C2-T'4 Res, var, ww, 10k 220%, 1-1/4w 4702-112862 | 71450 | 'Type 110 REF
R28 | B5-T1 Res, comp, 10k £56%,:1/4W 4704-148106 | 01121 | CB1035 REF
R29 | D1-82 Res, met flm, 3099 +1%, 1/2w 4705-172130 | 75042 | Type CEC- | 1
TO
R30 |D4-T1 Res, met flm, 2,55k =1%, 1/2w  |4705-176362 | 75042 | Type CEC- |REF
TO
R31 |E1-T4 Res, var, ww, 10k £20%, 1-1/4w | 4702-112862 | 71450 | Type 110  |REF
R32 |F1-Q1 Res, car flm, 10k 1%, 1/2w 4703-107128 | 75042 | Type C12 1
R3S |D1-01 Res, comp, 1108 5%, 1/4w 4704-193474 | 01121 | CB1115 2 E
R34 |B5-Q1 Res, comp, 110Q 5%, 1/4w 4704-183474 | 01121 CB1115 REF E
R3§ [H1-PL Res, comp, 100k +5%, 1/4w 4T704-148189 | 01121 | CB1045 REF
Shieid { not illustrated) 3156-232082 | 89536 | 3156-2320821 1
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pEsic| No. DESCRIPTION No" | M | parrno |arvjorv|cone
A5 KELVIN-VARLEY P/C ASSEMBLY 1702-232827 | 89536 | 1702-232827 |REF
Figure 5-6 {891A -4004)
C1 G1-R4 Cap, plstc, luf +20%, 200v 1507106450 | 84411 | Type X663F | 1
c2 F3-Rb Cap, plstc, iuf £20%, 120v 1507-183748 | 84411 | JF-11 1
R1 G3-54 Res, ww, 100k [T
R2 G4-54 Res, ww, 100k 4
R3 H1-84 Res, ww, 100k
R4 H3-34 Res, ww, 100k
RE H4-S4 Res, ww, 100k
RE& Ii-54 Res, ww, 100k
R 13-54 Res, ww, 100k
RE 14-85 Res, ww, 100k
RS 15-55 Res, ww, 100k
R10 | J2-35 Res, ww, 100k
RI1l J4-34 Res, ww, 100k
R1Z2 | K1-54 Res, ww, 100k
R13 | G2-R1 Res, ww, 20k
R14 | H3-Q3 Res, ww, 20k
R1i5 H4-Q3 Res, ww, 20k
Ri¢ | H5-Q3 Res, ww, 20k
Ri7T | H5-Q4 Res, ww, 20k
Ri8 | 13-Q3 Res, ww, 20k
Ri9 {15-Q3 Res, ww, 20k
R20 | J2-Q3 Res, ww, 20k
R21 | J3-Q3 Res, ww, 20k
R22 | J5-Q3 Res, ww, 20k
R23 J5-Qd Reg, ww, 20k
R24 | G5-P2 Res, ww, 4k
R25 | H1-P2 Res, ww, 4k
R26 H3-p2 Res, ww, 4k )
R27 | H5-P2 Res, ww, 4k ' [£=
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REF |INDEX STOCK MFR TOT|REC| USE
FR
DESIG| NO DESCRIPHON NO M PART NO [QTY|QTY|[CODE
R28 | I1-P2 Res, ww, 4k D
R23 |Ii-P1 Res, ww, 4k ¢
R30 14-P2 Res, ww, 4k
R31 13-P2 Res, ww, ¢k
R32 J1-P1 Res, ww, 4k
R3z J1-NH Res, ww, 4k ¥
R34 | J4-P1 Res, ww, 4k [
R35 | F4-75 Res, met flm, 34k +1%, 1/2w 4705-151241] 75042 | Type CEC- |REF E
TO
R35 F4-P5 Res, met flm, 34. 8k 1%, 1/2w 4705-236711 | 75042 | TypeCRGC-TO| 1 P
R38 G2-P5 Res, var, ww, 10k +20%, i-1/4w 4702-112862 ) 71450 | Type 110 RET
R37 E1-N3 Res, var, ww, [0k 5% 4702-232868 | 80536 | 4702-2328681| 1 O
R37 El-N3 Res, var, ww, 10k £5% 4702-338368| 89536 | 4702-338388) 1 P
38 P4-y2 Switch, rotary, KV Dial "A" 5105-242891 88536 | 5105-242891 ) 1
57 D4-32 Switch, rotary, KV Dial "B"” 5105-242809 | BH536 | 5105-242509| 2
58 D4-Q4 Switch, rotary, XV Dial "C" 5105-242808 | 88536 | 5105-242905 |REF
Cover (not illustrated) 3156-235697 | 89536 | 3156-2356971 1
b R1 through R34 are factory matched for tolerance and temperature
coeflicient. Individual resistors can be replaced by giving model,
serial number, full reference designation and all information stamped
on the resistor,
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pEsic| NO. DESCRIPTION “No | M® | paprno |arvlory|cone
AT AC CONVERTER P/C ASSEMBLY 1702-250167 § 89536 | 1702-250167 |REF
Figure 5-7 {893A-4001)
CI |H1-Q3 Cap, piste, 0. 22uf £20%, 1200v 1507-220079 | 8441t | JF-17 1
€2 jF3-P2 Cap, piste, 0. 1uf £20%, 250v 1507161992 | 73445 | C280AE/ REF
P10OK
c3 J2-@2 Cap, elect, 200uf +50/-10%, 10v 1502-236935 | 73445 | C426ARD200| 2 1
C4 |I2-NB Cap, Ta, 10uf x20%, 15v 1508-193623 | 56289 | 198D106X- 1
0015

C5 |H1-P4 Cap, plstc, 0. 04Tuf+10%, 80v 15071856090 | 56289 | 192P473%9R8 |REF
C6 |G3-P4 Cap, cer, 7.5pf £10%, 500v 1501-159939 | G0656 | Type C1-1 2
CT{I3-U5 Cap, mica, 100pf £5%, 500v 1504148494 | 14655 | CDISFL0LT | 3

C8 |D4-P1 Cap, Ta, 15uf :10%, 20v 1508-153056 | 05397 | K15C20K 1

Cg |C3-F1 Cap, mica, 220pf 4£5%, 500v 1504170423 1 14655 | CD15F221J | 2

C10 {D2-N1 Cap, mica, 10pf £10%, 500v 1504-175216 | 14655 | CDI15CO100K] 1

Cil [C3-N1 Cap, Ta, 3%uf £20%, 6v 15608-163915 | 56289 [196D396X0008!

C12 |[B4-M4 Cagp, elect, 200uf +40/-10%, 10v 1502-236935 | 73445 | C426ARD200(REF
Ci3 (C1-R4 Cap, piste, Suf £20%, 60v 1507-160952 | 72928 | 364W-505M | 2 1
Ci4 |C1-83 Cap, plstc, buf £20%, 80v 1507-160962 | 72828 | 364W-505M |REF
C15 |Cl-p4 Cap, var, 9-35pf, 260v 1509-1563080 | 72682 | 538-002 1

Cl6 [E3-M5 Cap, elect, BOuf +50/-10%, 25v 1502-168823 [ 73445 | C42B8ARF50 |REF
C17 [F3-M4 Cap, mica, 3000pf +5%, 500v 1504-161786 | 14655 | CDI19F3027 | 1

Cig } 12-v1 Cap, mica, 820pf +5%, 500v 1504-148395 | 14655 | CD19F821F | 1

C19 Cap, mica, 150pf +5%, 500v 1504-148478 | 14655 | CD15F151J | 1

{below C20)

€20 |E4-R2 Cap, cer, 7.5pf £10%, 500v 1501-159939 | 00658 | Type Cl-1 [REF
C21 D2-Q4 Cap, var, 0.8-10pf, 250v 1509-193912 | 91293 | JMC2950 2

22 [E3-Q4 Cap, var, 0.8-10pf, 250v 1509-183912 | 91293 | JMC2950 REF
€23 {H2-P2 Cap, Ta, 22uf £10%, 15v 1508-182816 | 05397 | K22C15K 2

C24 [H2-M5 Cap, Ta, 22uf +10%, 15v 1508-182816 | 05397 | XK22C15K  [REF
€256 ja-u1 Cap, mica, 220pf +5%, 500v 1504170423 | 14655 | CD15F221J REF
CR1 {F4-Q1 Diode, silicon, 100ma at 1. 5v 4802-261370 | 22767 | S1330 REF
CR2Z2 |F5-@1 Dicde, silicon, 100ma at 1. 5v 4802-261370 | 22767 | 81330 RET
CR3 B2-P3 Diode, silicon, 2ma at 1y 4862-161810 | 03877 | SG5H658 2 1
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CR4 |B3-P4 Diode, silicon, 2ma, at lv 4802-161810 ] 03877 | SG5658 REF
CR3 | C4-P2 Diode, zener, 10v 4803-246811 | 07910 | ING9E1B 2 1
CRS8 |H2-N1 Piode, zener, 10v 4803-246811 | 07910 IN961B REF
Q1 F4-Q5 Tstr, silicon, FET, N-channel 4805-246068 | 17856 | FN1215 1 i
Q2 Fb-P3 Tstr, silicon, PNP 4805-229898 | 04713 { MES6522 REF
Q3 F3-F2 Tstr, silicon, NPN 4805168708 03508 | 2N3391 REF
Q4 D3-N4 Tstr, silicon, PNP 4805-229888 | 04713 | MS6522 REF
Q5 D3-N2 Tstr, silicon, PNP 4805-229898 | 04713 | MFS8522 REY
Qb C1-N1 Tstr, silicon, NPN 4805-218081 | 04713 | MPS6320 3 1
Q1 C4-Mb Tstr, silicon, NPN 4805-218081 | 04713 | MFES6520 REF
Q8 B4-N2 Tstr, silicon, NPN 4805-218081) 04713 | MESE520 REF
Q9 E4-N3 Tstr, silicon, PNP 4805-203364 | 07263 | 2N3638 REF
Q10 ID5-N] Tstr, silicon, NPN 4805-168708 | 03508 | 2N3391 REF
R2 E5-P2 Res, met flm, 3. 16k 1%, 1/8w 4705-235291 | 75042 |Type CEA-TO| 1 I
R2 E5-P2 Res, met flm, 8,34k £1%, 1/8w 4705-267344 | 75042 |Type CEA-TO| 1 J
R3S 13-P1 Res, met flm, 20002+1%, 1/6w 4705-245340 | 75042 | Type CEA- 1

TO
R4 15-N5 Res, var, comp, 5k +20%, 3/4w 4713-159905 | 73138 | Type T8P 1
Rb 11-N2 Res, met flm, 1000:1%, 1/8w 4705-168195 | 75042 gype CEA- | 1

O

R6 H2-N2 Res, met {im, 4. 99k +1%, 1/8w 4705~168252 | 75042 {Type CEA-TQ} 1 1
RE  |H2-N2 Res, met flm, 7,55k +1%, 1/8w 4705223529 | 75042 Type CEA-TC| 1 J
R7 F3-N5 Res, met flm, 12. 1k £1%, 1/8w 4705-234997 | 75042 | Type CEA- | 1

TO
RS G5-F1 Res, met flm, 52, 3k +1%, 1/8w 4705~237248 | 75042 | Type CEA- | 3

TO
R& G4-P3 Res, met flm, 1k £1%, 1/8w 4705-168229 | 75042 | Type CEA~ | 1
R10 {E4-F1 Res, comp, 1k 5%, 1/4w 4704-148023 | 01121 221025 REF
Ril |J1-V1 Res, comp, 47002+5%, 1/4w 4704-147983 ] 01121 | CB4T1H REF
R1Z |E2-N4 Res, comp, 10k 5%, 1/4w 4704-148106 | 01121 | CB1035 REF
RIS D3-N5 Reg, comp, 10082 =5%, 1/4w 4704-147928 | 01121 | CBIOIS REF¥
R14 (CH-N4 Res, met flm, 45. 3k +1%, 1/8w 4705-234971 | 75042 | Type CEA- | 1

TO
R15 E3-N4 Res, met flm, 21.5k £1%, 1/8w 4705-168278 | 75042 | Type CEA- 1

TO
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oesic| No. DESCRIPTION "No' | MR | parrno farv|ory|coe
Ri6 | D1-N1 Res, comp, 1k25%, 1/4w 4704-1480231 01121 | CB1025 REF
Ri7 C3-N2 Res, met flm, 32.4k +1%, 1/8w 4705-182956| 75042 '?j(y)pe CEA~ 1

T
R1i8 C2-N1 Res, comp, 1k 5%, 1/4w 4704-148023( 01121 | CR1025 REF
RIS }C2-N3 Res, met fim, 121k 21%, 1/8w 4705-229369 | 75042 | Type CEA- 1

TO
R20 C5-M5 Res, comp, 200045%, 1/4w 4704-147059) 01121 | CB2215 1
R21 {B2-Q5 Res, met flm, 52,3k =1%, 1/8w 4'105-237248 175042 | Type CEA~ |REF

TO
R2Z2 {1 B4-Q5 Res, met flm, 52, 3k £1%, 1/8w 4705-237248 | 75042 | Type CEA- |REF

TO ’
R23 |B2-93 Res, ww, 556Q +0.1%, 1/4w 4707-249202 | 88536 | 4707-2492082 | 2
R24 {B4-Q3 Res, ww, 5568 0. 1%, 1/4w 4707-249292 | 88536 | 4707-249292 | RET
R25 |BS-N2 Res, comp, 2.2k +58%, 1/4w 4704-148049 | 01121 | CRB2225 2
R26 B4-Nb6 Res, comp, 22k 5%, 1/4w 4'704-148130 | 01121 | CBZ235 REF]
Ra1T C3-Q4 Res, ww, 1250 £0.1%, 1/4w 4707-249284 | 80536 | 4707-249284 | 1
RZSI G3-N2 Res, met flm, 4.22k 1%, 1/8w | 4705-168245 | 75042 gépe CEA- 1
R28 | F5-N2 Res, var, ww, 8k 5%, 1-1/4w 4702113200 | 71450 | Type 110 REF
R30  1D4-P2 Res, met tim, 8.45k +1%, 1/8w 4705-221671 | 75042 f’;‘ype CEA- pA

O

R31 C4-P5 Res, var, ww, 10k £20%, 1-1/4w 4702-112862 | 71450 | Type 110 REF
R32% {D5-Q5 Res, met fim, 8.45k 1%, 1/8w 4705-221671 | 75042 | Type CEA~ [REF

TO
Rr33 D4-E56 Res, var, ww, 10k +20%, 1-1/4w 4702-112862 | 71450 ! Type 110 REF
B34 |F1-Q4 Res, met flm, 7.5k 1%, 1/8w 4705-223529 | 75042 |TypeCEA-TO! 1 K
R34 F1-Q4 Res, met fim, 6. 04kx1%, 1/8w 4705-285189 | 75042 TypeCEA-TO! 1 L
R35 |E4-P5 Res, var, ww, 10k x20%, 1-1/4w | 4702-112862 | 71450 | Type 110 REF
R36 |B3-N2 Res, comp, 10k +5%, 1/4w 4704-148106 | 01121 | CB1035 REF
R37 E5-R4 Res, met flm, 243k, matched set |[4705-245597 | 89536 | 4705-245597 | REF

with chassis mounted R12 in
Figure 5-1
R38 I3-U3 Res, ww, 2422k 0.1% 1/2w 4707-249326 | BOB36 | 4707-249326 1 1
R39 JC5-RI Res, ww, 2.311k +0.1%, 1/2w 4707-240318 | 89538 | 4707-248318 1 1
R40 {EB-N2 Res, ww, 119.18 20.1%, 1/4w 4707-249300 | 89538 | 4707-249300 | 1
R41 Ch-P2 Res, comp, 4700 5%, 1/4w 4704-147983 | G1121 | CB4715 REF
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R42 |E3-N1 Res, comp, 470Q 5%, 1/4w 4704-147983 | 01121 | CB4715 REF
R43 C5-Nb Res, comp, 2709 5%, 1/4w 47704-160804 | 01121 | CB2715 1
R44 |J1-U3 Res, comp, L00Q +5%, L/4w 4704-147926 | 01121 | CB1015 REF
R45 |D2-M4 Res, comp, 330k £5%, 1/4w 4704-192048 | 01121 | CB3345 1
R46 |D6-N2 Res, comp, 8.2k +5%, 1/4w 4'704~-160796 | 01121 | CB8225 1
R4T E2-P1 Res, comp, 2.2k +5%, 1/4w 4704-148049 | 01121 | CB2225 REF
R48 B5-P1 Res, comp, 100k +5%, 1/4w 4704-~14818% | 01121 | CB1045 REF
R45 |I3-V2 Res, comp, 4309 5%, 1/4w 4704-203869 | 01121 | CB4315 1
59 G1-81 Switch, rotary, RANGE, AC 5105-246710 | 89536 | 5106-246710 | 1
section

H4-81 Coupler, range switch 3153-248625 | BO536 i 3153-248625 1 1
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REF |INDEX STOCK MFR TOT|REC| USE
DESCRIPTI F
DESIG| NO SCRIPTION NO MER 1 parTno  |aTY|aTY|CcODE
A8 REAR PANEL ASSEMBLY (893A)
Figure 5-8

CR1 Diode, silicon, 1 amp, 100 piv 4802-116111} 05277 | IN4817 REH

CR2 Diode, silicon, 1 amp, 100 piv 4802-116111F 05277 § IN4817 REF

CR3 Diode, silicon, 1 amp, 100 piv 4802-116111F 05277 | IN4817 REF
{not illustrated)

CR4 Diode, silicon, 1 amp, 100 piv 4802-1161111] 05277 | IN4817 REF
{not illustrated)

Fi Fuse, slow blow, 1/8 amp, 250v 5101~166488 | 71400 | Type MDL 1 ]2
{for 115v operation)
{not illustrated)

Fi Fuse, slow blow, 1/16 amp, 250v |5101-163030] 71400 | Type MDL 1 2
{for 230v operation)
{mot illustrated)

J4 Connector, male, 3 contact 2109-222612 | 82389 | AC3G 3

55 Switch, slide 5106~226274 ] 82389 | 46256-LF 1

T1 Transiormer, power 5602-2239080G { 89536 { 5602-223990| 1

XF1 Holder, fuse 2102-160846 | 75915 | 342004 1

18 Panel, rear 1406-231928 | 89536 | 1406-231928{ 1

19
Ti
CR2 55
CR1 14
XFi
Figure 5-8, REAR PANEL ASSEMBLY (893A)
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REF [INDEX STOCK MFR TOT] REC] USE
FR
DESIG| NO DESCRIPTION NO M PART NO |QTY|QTY|cODE
AC/DC DIFFERENTIAL VOLTMETER 893AR
Figure 5-9
Al Froat Panel Assembly { See
Figure §5-10)
A2 Reference Amplifier P/C Assembly |1702-232793 | 89536 | 1702-232703 | 1
(See Figure 5-3) (891A-4001)
A3 Reference Inverter P/C Assembly |1702-250175 | 89536 | 1702-250175 | 1
(See Figure 5-4) (883A -4002) :
Ad Null Detector /C Assembly 1702232818 : 88536 | 1702-232819 ] 1
(See Figure 5-5) {891A-4003)
Ab Kelvin-Varley P/C Assembly 1702-232827 | 89536 1702-232827 | 1
{See Figure 5-6 {891A-4004)
AT AC Converter P/C Assembly 1702-250167 | 89536 | 1702-250167 | 1
(See Figure 5-7) {8934-4001)
AB Rear Panel Assembly (ses Figure
5-11)
M1 Meter, 100-0-100ua 2901-236513 | 89536 | 2801-236513 | 1
P, P2 Line cord 6005-226100 | 91834 2270 1
R1 Res, car flm, 90M +1%, 2w 4708-182138 | 75042 | MEHT-X 1
R2 Res, car {lm, 9M 0. 5%, 1w 4703-107557 | 75042 | Type C13 1
R3 Res, car {im, 1M £1%, 1/2w 4703-107219 | 75042 | Type C12 1
R4 Res, car flm, 90k +0,5%, 1/2w 4703-107292 | 75042 | Type C12 1
R5 Res, car flm, 9k 0, 5%, 1/2w 4703-107250 | 75042 | Type C12 1
R6 Res, car fim, 9002 £0.5%, 1/2w  |4703-107771 | 75042 | Type C12 1
R7 Res, car flm, 1002 20, 5%, 1/2w 4703-107730 | 75042 | Type C12 1
RY Res, comp, 1k £10%, 1w 4704-109371 | 01121 | GB1021 1
Ri2 Res, met flm, IM, matched set 4705-245597 | 86536 | 4705-245597 | 1
with ATR37
R13,R14 Res, met flm, 100k £1%, 1/2w 4705-151316 | 75042 | Type CEC-TO| 2 D
81 Switch, rotary, RANGE, DC 5106-254573 | 89536 } 5165-254573 | 1
Section
s2 Switch, rotary, POWER 5105-242917 | 89536 | 5105-242817 | 1
53 Switch, rotary, NULL 5105-242875 | 89536 | 5105-242875 | 1
54 Switch, rotary, MODE 5105-250555 | 89536 5105-2505855 | 1
54A Switch wafer, MODE, deck "A" 5105-250530 | 89536 5105-250530 | 1
20 Coupler, power switch, mode wafer [2404-104505 | 88536 | 2402-104505 | 2
21 Cover, bottom {not illustrated) 3156-230383 189536 | 3156-230383 |1
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Figure 5-9, 893AR AC/DC DIFFERENTIAL VOLTMETER (Sheat 1 of 2)
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= e oo [ | e Jrrfeee use
22 Cover, top (not illustrated) 3156-230375 | 89536 | 3156-230375 | 1
23 Dial, 0-9 2403-232215 | 89536 | 2403-232215| 2
24 Dial, 0-10 2403-232207 | 89536 | 2403-232207 | 1
25 Dial, 0-106 2403-242859 | 85538 | 2403-242883 | 1
26 Foot, plastic (not illusirated) 3155-230037 | 89536 | 3155-230037 1 4
27 Indicator, ON-OFF flag 3158-231886 | 89536 | 3158-231886 | 1
28 Rack Mounting Kit (not illustrated) |2006-243287 | 89536 2906—24328’1 1
29 Shaft, power switch 2406-231860 | 89536 | 2406-231860 | 1
30 Tilt stand (not illustrated) 3154-231407 | 856536 | 3154-231407 | 1
31 Trim strip, front (not illustrated) | 3154-230813 | 89536 | 3154-230813 | 2
32 Trim strip, rear (not illustrated) 3156-231852 | 85536 | 3156-231852 1 2
33 Trim strip, side insert (not illu~ 3155-230888 | 89538 | 3155-230888 | 2
strated)

Bs1

= (See B93AR-01

Option)
A2

e A5

Figure 5-9. 893AR AC/DC DIFFERENTIAL YOLTMETER (Sheet 2 of 2}

5-29



SN esscummon SREN R
Al FRONT PAMEL ASSEMBLY (B93AR)
Figure 5-10
C1 Cap, plste, 0.047uf +20%, 1. 2Zkv 1507-182683 | 99217 | MR473L12 2
(across J2 and J3)
J1 Binding post, red, HI 2811-226308 | 58474 | DF21RC 2
J2 Binding post, red, LO 2811-226308 | 58474 | DF2IRC REF
J3 Binding post, black, GROUND 2811-226282 | 58474 | DF21BC 1
RS Res, comp, 100M 10%, 1/2w 4704~190520 | 01121 | ER1071 1
{across J2 and J3)
34 Handle 2404-246306 | 89536 | 2404-246306 | 2
35 Knob, Digit 2405-158949 | 89536 | 2405-158949 1 4
36 Knob, NULL SENS, MODE, 2405-158956 | 89536 | 2405-1589568 | 3
RANGE
37 Knoh, POWER 2405-235689 | 80536 | 2405-235689 | 1
38 Link, shorting 2811-101220 | 24655 | 938L 1
39 Panel, front 1406244673 | 89536 | 1406-244673 | 1
35
34 JEl 12 (4 pEces)
i
J3 38 39 3? 36 37
Figure 5-10. FRONT PANEL ASSEMBLY (893AR)
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HY3A

REF |[INDEX STOCK MFR TOT|REC] USE
E IPTION F
DESIG| NO DESCRIPTIO NO MFR PART NO (QTY|{QTY|CODE
AT REAR PANEL ASSEMBLY (893AR)
Figure 5-11
CR1 Diode, silicon, 1 amp, 100 piv 4802-116111] 05277 | IN4817 RET
CR2 Diode, silicon, 1 amp, 100 piv 4802-116111| 05277 | IN4817 REF
CR3 Diode, silicon, 1 amp, 100 piv 4802-1316111} 05277 | IN4817 RETF
{not illustrated)
CR4 Diode, silicon, 1 amp, 100 piv 4802-116111 ) 08277 | IN4817 REF
{not illustrated)
Fi Fuse, siow blow, 1/8 amp, 250v 5101-166488] 71400 | Typse MDL 1 2
{for 115v operation)
{not illustrated)
Fi Fuse, slow blow, 1/16 amp, 260v | 5101-163030] 71400 | Type MDL 1 2
{for 230v operation)
{not illustrated)
J4 Connector, male, 3 contact 2109-222612| 82389 ; AC3G 1
55 Switeh, slide 5106-226274 | 82369 | 46256-LF 1
T1 Transformer, power 5602-223900 | 89536 | 5602-223980) 1
XF1 Holder, fuse 2102-180846 | 75815 | 342004 i
46 Panel, rear 1406-231795 | 89536 | 1406-231785] 1

Ti

CRI

Figure 5-11, REAR PANEL ASSEMBLY (893AR}
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REF JINDEX STOCK MFR TOT{REC| USE
MF )
DESIG}] NO DESCRIPTION NO R PART NO [QTY!QTYICODE
AC/DC DIFFERENTIAL VOLTMETER - 883A-01
BATTERY OPTION - Figure 5-12 B93AR-01
Note: The basic Model 893A or 893AR
can be modified in the field by installing
‘the Battery Option Kit, part number 2906~
242420, The kit includes BTI, DSI and
the power knob.
BTL Battery pack 3156-~232496 | 89536 | 3158-2324961 1
Battery, Ni-Cad, 1.2v 4002-16035%0 | 08860 | 1. 28CL 18
Holder, battery 3155-232488 | 89536 | 3155-232488} 2
DSs1 Lamp, incandescent, 24v (See Figures ]3901-218354 | 71744 | 1252 1
5-1and 5-9)
Knob, POWER 2405-235671 | 89536 | 2405-2356711 1
AC/DC DIFFERENTIAL VOLTMETER -
RECORDER OQUTPUT OPTION 893A-02
Figure 5-12 893AR-02
Note: The basie Model 893A or 893AR
can be modified in the field by installing
the Recorder Output Option Kit, part
number 2306-242438. The kit includes
J§, J6, R10, R1l, and the A6 P/C
assembly.
A8 Recorder Output P/C Assembly 1702-289301 | 89538 | 1702-239301 | 1
{See Figure 5-12} (8914 -4201)
Jb Binding post, red, HI 2811-226308 | 58474 | DF2IRC 1
J6 Binding post, black, LO 2811-226282 | 58474 | DF21IBC 1
R10 Res, var, comp, 10k £20%, 1/2w 4'701~162800 | 12697 | Series 37 1
Ri1 Res, comp, 10k £5%, 1/4w 4704-148108 | 01121 | CB1035 1 M
{mounted on R10)
R11 Res, comp, lk5%, 1/4w 4704-148023 ; 01121 | CB1025 i N
AB RECORDER QUTPUT P/C ASSEMBLY [1702-239301 | 89536 | 1702-239301 REF
Figure 5-12 (891A-4201)
C1 Cap, elect, i0uf +50/-10%, 25v 1802-170266 | 73445 | C426ARF10 1 1
Q1 Tsts, germanium, PNP 4805-182708 | 01285 | GA3938 2 1
Q2 Tstr, germanjum, NPN 4805182691 | 01295 | GA3G37 2 1
Q3 Tstr, germanium, PNP 4805~182709 | 01295 | GA3038 REF
Q4 Tstr, germanium, NPN 4805-182691 | 01295 | GA3937 REF
5-32 2/10/75
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QT3A

RE Q4 R2 Q2

Aé RECORDER OUTPUT
© P/C ASSEMBLY

Cl R3 Q3 T R Q1

bl P r.i: .
e Ry HE B f
]
Y415 451 05 FAHPFER WIEH FHE ORTIONS IXBICLIID S{1aW t
BATTIRY PR 41 l . I RECIRDER QEIPNT 07 ! . E
SPLEITECATIHES Ad
96 HELELKRIK A€ alERERNEE 1: ST
LB OTORTR BB IAT R BE | Y BT e 56 M2 BERR 601V fa o
oL s O
BERSORIANCE SPEEIHE 3 Dagy pg | T TREELE ’ R
R FLRMGMMANCE SPLUIED She - 100RHI ; I
IO - HRABY O ta 55
INPUT § PRHMIL KT NIEL DM Y §asre i
- P MRER 15 Dy §9-Se08 1 WATTS {

i

[ Recaroer 0 _T_NT'

B93A-01, 893A-02
J5  RiG J6 BT

Figure 5-12. BATTERY AND RECORDER OUTPUT OFTIONS
5~33
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Diif{; ENr:)éx DESCRIPTION TNo. | MFR P:gi?\:o gﬂ gii cobE
R1 Res, comp, 22k =5%, 1/4w 4704-148130{ 01131 CB2235 4

RZ Res, comp, 22k +5%, 1/4w 4704-1481307 01121 | CB2235 REF

R3 Res, comp, 28k 5%, 1/4w 4'704-1481301 01121 | CBR2235 REH

R4 Res, comp, 22k +5%, 1/4w 4704-1481301 01121 | CB2235 RET]

Ti Transformer, recorder output 5602-242347 | 89536 | 5602-2423471] 1

5-34
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DETAIL |
TRANSFORMER
= MOUNTING $CREWS
N,
2
O

£ meapeanse I8
{REF)

KNGE (FROM @

ITEM 3, FIGURE 1)

REMOVE THESE

{2 PL EACH
43 -4PL
FOTAL)

{2PLTOP
ZPL BOTTOM}

ke

M (A PL — 2TGP
; 2 BOTTOM)

(4 PL ~2TOP

2 BOTTOM:

[2PLTOR &
S0TTOM AT
REAR]}

{8 PL
8OTTOM
INSTALLATION]

TWO SCREWS
[BATTERY INSTRUMENT l AFTER COMPLETING ASSEMBLY, SEE THAT HANDLE
ONLY) ; DETENTS PROPERLY INTO “FEET” ON BOTTOM COVER.
PART NO. 803A-5111 DESCRIPTION Ty
232116 831A-2024, CAUTION GECAL [
156364 SPEED NUT, NO 6 BLACK 8
1564809 SCREW NG 620 x 3/8 TRUSS 4
230188 MEE - 2024 COVER, BOTTOM 1
230789 MEE - 2080 REAR TRIM 2
230037 MEE - 8026 FOOT 4
11 152140 SCREW NO 632 x 174 PHP 3
12 177630 SCREWNO. 832 x 1/2 RHP 4
13 218131 SCREW NO 6-B x 3/8 FHP 8
14 184183 NAMEPLATE 1
15 244824 893A-2009 DECAL 1
ITEM PART NO. 891A-5011 DESCRIPTION a7y
12 114249 SCREW 6-32 x 3/8 RHP 4
15 742841 807A-2025 DECAL 3
7123173 Figure 5-13. BATTERY INSTALLATION INSTRUCTIONS {Sheet 1 of 2}
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e BETAIL 1
RED WHT

FROM XRIZ)

FROM
BATTERY
PACK IWHITE +}

{FROM FUSE)
BLK/WHT

|

WHT
{(FROM
LINE CORD)

RED
- (FROM LANMP)

BLIC (FROM XFMR}

0

SCREW (3/4™)
/@’;:-LAT
T
RED

NUT 1 FLAY T o P WEE
o
{LOCKWASHER TO POWER N0r SWI'F?Z‘H o
UNDER ELAT) SWITCH
\ [SEE DE- {SEE DE - -
¥ TAIL 1) .
TAIL ) X
3 \

D

s BETAIL 11

BLK
BRN

[FTRANSFORMER)

GRN*

[T

(LINE CORD PLUG)

WHITE {4} //“

—~
e e, DY
e

/ V
/' . -
2 ~ .
T /..//"L A g
EETN P i

.~ SLEEVE
&

o\

ou—(

ASSEMBLY INSTRUCTHINS FOR
INSTALLING BATTERY KIT iN
FLUKE MODELS 891A AND BI3A
DHFFERENTIAL VOLTMETERS

{8 PLACES
EACH SCREW]
{FROM .
L apey WIRES FROM MAIN HARNESS
1. ITEM 315 FURNISHED AS A "KiT" &
{TEM | PART NO. 893A—5111 DESCRIPTION ary EONTAING BATTERY PACK, LAMP. POWER
. KNOB, AND ALL NECESSARY HARDWARE
1 250280 893A—5006 BASIC UNIT ASSEMBLY 1 MOUNTING SEQUENGE OF HARDWARE FOS
2 244962 881A—4007 REAR PANEL ASSEMBLY 1 LAMP & BATTERY PACK 1S AS SHOWN ON
3 242420 891A-7001 BATT OPTION 1 DRAWING' KNOB IS INSTALLED ON PAGE
4 228890 SCAEW NO. 8:32 x 1/4 PHP 8 20F THESE INSTRUCTIONS.
2. LAMP (ITEM 3} HAS 2 WIRES. EITHER OF THEM
MAY GO TO TRANSFORMER.
3 WIRE BATTERY PACK & LAMP TO ITEMS 1 &
2PER VIEW AT LEFT. WiRE MAIN HARNESS
i 233031 B21A~E000 BASIC UNIT ASSEMBLY 1 . [>891A oNLY.

5-36
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Figure 5-13.

BATTERY INSTALLATION INSTRUCTIONS (Sheet 2 of 2)
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5-9. SERIAL NUMBER EFFECTIVITY

5-10. A Use Code column is provided to identify cer-
tain parts that bave been added, deleted, or modified
during production of the Model 893A and 893AR, Each
part for which a use code has been assigned may be
identified with a particular instrument gerial number
by consulting the Use Code Effectivity List below. All
parts with no code are used on all instruments with ser-
ial numbers above 123.

USE
CODE EFFECTIVITY

NO
CODE Model 893A and 893AR Serial number 123 and on,

A Model 8934 serial number 123 thru 168,
Model 893AR serial number 123 thru 153.

B Model 893A serial number 169 and on.
Model 893AR serial number 154 and on.

C Model 893A serial number 123 thru 170,
Model 833AR serial number 123 thru 208,

D Model 893A serial number 171 thru 508.
Model 893AR serial number 204 thru 254,

B Model 893A serial number 123 thru 243,
Model 893AR serial number 123 thru 203.

F Model 893A serial number 244 and on.
Model 893AR serial number 204 and on.

G Model 893 A serial number 509 and on.
Model 893 AR serial number 255 and on.

H Model 893 A serial number 171 thru 1503,
Model 892 AR serial number 204 thru 353,

H Model 893 serial number 123 thru 988,
3 Model 893 serial number 989 and on,

K Model 893 serial number 123 thru 1353,

L Model 893 serial number 1354 and on.

M Model 893 serial number 123 and on.
N Model B93A/AC only,

O Model 893 serial number 123 thru 1863,

P Model 893 serial number 1864 and on.

7/23173
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Appendix A

Federal Supply Code for Manufacturers

A-1, CODE TO NAME

name and address to which the code has been assigned.
The Federa! Supply Code has been taken from Catzloging
Handbook H 4-2, Code to Name.

A-2. The following five digit code numbers are listed
in numerical sequence along with the manufacturer’s

00213 Sage BRvtronics Corp BIRTT  Transitron Blectronic Com. 05397 Unlon Corbige Carp 67163 Fatrehild Semicondictar
i Rovhester, New York Wakeficld, Massschusetts Flevtronics Div Div_ of Fairehlid Canvers
Mew Yok, New Yok & lnstrumen Corp
46327 Welwyn Internutionat, Inc 01888 Pyrofitm Resistor Co., [ne. Mouain View, Catiforni
Wextlake. Ohio Cedar Knolis, New Jersey 05571 Sprague Electric Co
Fagific Div, 47344 Hir o ine
M656  Aczovox Corp. 0394 Clairex Corp Los Angeles, California Rachesier, New York
Now Bedford, Massachuseqts New Yark, New Yotk
05574 Viking Industtivs 47Ty Lot Enginecring Corp.
Q0686 Fileu Caputitons 3980 Muirhead Lnstruments, Ine. Chusiss orth, Califuraia Moctiampion, Massacisetts
Paaie, New Jersey Mountainside Nuw fersey
05784 Adaw.ine I 1910 Teledyne Corp.
00718 AMPine 400%  Arrow Hart and Hegemen Giesdute, Califaints {Conginentul Devier)
Harrisberg, Pennsylvanta Electrenic Cotnpany Hawihome, California
taritord, Connee ticut 65820 Waukefiedd Engdnevring Ind
01120 Allen-Brsdiey Co. Wakefield, Massochnsetts 08225 Industro Transistor Carp.
Milwauker, Wiseonsin M062  Replaced by 72138 Long skind Chry, New York
0600H Genorst Blectric Compuny
012827 TRW Semiconductoss B1307 Reploced by 81312 Capacitor Department 68530 Relimus Mics Corp,
Lawndale Californta [rmo, Seuth Curoslina Brookiyn, New York
217 Essex Wire Corp
04795 Toxas Instewmenty, Inc Wire & Carble Div 06136 Replaced by 63743 05792 Discontinued
Semivonductor Companents Div Anuhcim, California -
Dalkss Texas 06473 Amphenot Sp‘"‘? & L?l‘\‘“iu Sys. GEBOG  Gunerwd Electsic Co.
221 Aemca, Div. of Clintsworth, California Miniatuze Lamp Dept.
0686 ROL Fleetroaies ine Midiex ne o ) . Cleveland, Ghio
Munchesrer, New Hampshire Mankato, Minnesoty 06553 B,fcdc Lifwmcﬂ lml:umrcni Co
Penacask, New Hampshire 08863 Nylomatic Carp,
91730 Delewed #4213 :"\cru(vox Curp‘.(l‘l-(}) ) %719 Dieetron Corp, MNorrisville, Pennsyivania
Mystie Beach, South Curoling .
BIRSE  Bearbors Eloctromes Ing Littietown, Colorady 0BYBR  Skottie Elestronics e
Orlando . Floridis M645  Replaced by 75376 $6743  Chovite Corp Artirbald, Penmaylvants
02h1a Furraxgube Corp Cievalund, Ohfo 9353 Cand § Companents
Saugertivy New York 713 Motorols Semiconductor Produets Ine, GETS1 Semcor Div , Companents, bne, Watertown, Massachusetts
Phoenis, Arizons Phoenix, Arizam
0685 Repliced by 15801 89423 Sriestitie Components, ine
(5082 Repleced by 94134 06860  Gould Nutiorai Batteries Ing. Santa Barburs, Califpria
02660 AmphenobBorg Elect. Coep City of Industry, Califarnis -
Bremdvivw, Hinois 05236 Jonathun Mig. €.
Fallerton, California 09922 Burndy Corp
03799 Arco Cupucit Norwalk, Connecticut
Tarence. € 05277 Westinghouse Electric Corp. 06980 Vasian-Flmac
Semiconductor Deat San Carlos, Coliforniz 1236 (TSl l}ca:nc
03508 Genert Eleatric Co Youngwood, Pennsylvanii Bamne, fndiana
Semicondietor Products 07115 Replucsd by 14674 )
Syracuse. Mow Yool 0327H Replaced by 43543 11237 Chicogo Telephone of
l 07138 Weatinghouse Eiectric Callf, tne {CTCO)
03614 Repiucsd by 71400 05397 Union Carbide Corp Corp , Electronic Paso Robies, Cafifurnis
Elee tronies Div, Tube Division
036531 Replaced by 44655 Clevelupd, Ohio Flmira, New York 11358 Discantinued
03721 fidenm Comp 0527%  Southevest Machine & Plastie Co. 07156 Silican Transisto: Corp 11403 Best Products Co
Compton, Cailfornia Lus Anpeles, Californly Garden City, New York Chicugo, Wiraois
7-24-73 Al



1503

15726

12894

12

13500

i)

617

11657

12739

118560

12954

12%6Y

Pl

P3sty

Lisu6

13839

140499

4193

14208

14655

14674

14752

14RaY

15636

15801

iSHIE

15849

15898

AZ

Rotshume My
Biv af s be
Warses A

sl Caarps

n

Uuatidy ne Loyt

Sarsta Cheze Ualibnroia

Uhtloneo Boven & My

Bethwsnnt Himuiy

iaw

ok Sentendincios Carp
iy U ospeciient

Piendes. tas

Chasworth ulifornis

Fhidadde fphia Frardie O
Camibrn, Now Jenwey

Frostn (ol o
Sheiton Counestivat

wity Washer & Stunping (o
nd. Ohis

Roplined by 75042

Famdin lne
Take Ml Wisconsin

Crarostsl M T
ey New Honpshine

Bantes Yiecty

Chivngo Hiois

Mivrometats
Sterry Muder, Califoenia

Dlvkson Electyomics Corp
Svottsdale, Avivn
Lnitiosde € arp.

Watertonn, Muassachnwss

Frermaliy Co
Balbas. Tevis

Amphunel Com
Ean Gatos, Californn

Sprapse Llectric Ca
Frasshuans Dby
Totend. New Hunpshiee

Repluced by 23732

Semstiwhy Carp
Newduny Park Culffonia

Luttforni Rusistor Curp.
Santt Monici, Califorais

Americas { onpenents, w

Tonshuhocken Ponmsybvania

Cormetl-Dubitier Plectranicy
Mewark, Nose Fegwey

Discontinued, see 16299

Pleetrn Culwe Tm
San Gubricl Califorsia

Replaced by 96853

Fieg-Trod Inv
Merthiridge,

[ERSHE]

Teanat ] ectronios fne
Tramineduim Mussachasetts

Amvlue Semicondasor
{4y ol Teleds pe e
Mogntain View Cafiforni

USEEO
M Vernos. NMew Yurk

International Bisiseas
Machises [1BM)

Easey Junction Vermant

15509

P29

16337

16373

16742

B H]

YiheY

17856

17870

1BUR3

16178

18612

tR736

19429

19451

ETI

584

20001

167

23034

137132

23880

13936

24748

24635

3759

25403

g

27264

18475

Rephaced By FI870

Raduiph North Casoding
Stephwcd by JR47H

Cimbrichee Scivnsifie tnd. T

Canbritper. Maun d

Pyt Plystics
Doy Calitoenia

f3clen Rudia
Div.of General Muiors
Kikanto fbiann

FET Cantiun
Benta Am Cufitvrnia

{irenit Stenctares Lab
Uptand. Clifurpia

Sikeoniv, Ine
Susnyesie,

alifornin

Daven-THy of Than
Ind = MeGraw - Bdison Co
Maehester. New Hampshics

Deleted

Vacsow ne
Maryland Heigkrs, Missotrd

Vislhay Intertechnalogy
Ine
Madvern. Pennsylvanis

Valtropics Corp
Hunover, New Jersey

Diswontinued. use 83536

Parine Muchinery & Supply Co.
Seatthe, Wishington

Elrvtra Miz. Co.

Tabeprendence. Kansux

Enoehs M G

Indinnagpaiis, Indiana

SelrOrginizing Symtems,
Tre.
Prallus, Texas

ITT Semiconduetons

Biv of ITT

Pules Ao, Calflornis
Product Comp Corp
Masnr Vernon Now York

Fraver
Roukyifie. Ma

yiand

Stanfurd Applicd Fnprag

Sants Clara, Cafifornin

Wi, ] Pardy o
aliforain

Pamotor Piv.,
Burlingime, €
Searthue
Div.of South Cheaer Com.
Lester, Pepmsybvanis

Genesad Radic Co

West Concord. Massachaseqts

Lenon-Pueshe Blectronics
Pluindieid, New Jorsey

Amperex Eleciionie Qo
Semiconductor & Receiving
Tabe Division

Sherereville. Rhode Daland

Nutiunst
Semivomducior

Corp

Sunts Chane. Califarnia
Muolkes Products
Dowaen Grove. Hinois
Botiannan Industries
Fors Warth. Texus

HATH

IRIED

20043

3313

32787

12879

33897

13m

4333

37942

42408

43543

446355

49671

49956

5302¢

35026

36289

S84

G399

G2A6D

H3TEL

G3A 3

H5152

o Contrals
Curp.
Mifwaokee Whoeonsin

Hewlers Packund
o
Pulo Aftn. ¢

Hoy man Miy Cu
Rentbworth. New Jersey

Munsanta. Cu. Ine
Sants Claen, Cufifornia

$Hinais Tool
Works, fi
Chicapo. Hlinals

S Corp
Great Mok, New York

Griffith Plusae
Praducis e
Burtingume, CulHoinia

Adviineed Mechanical
Conponents
Northridge. Catitornis

Poic Tochnofopics
Frodu s fncarponited
Froqueney Coptral Dy,
Lwedisle, Pennsylvanis

General Bieotric
T, Tube PDepL,
Owensburo, Reateky

Siteon Generst
Westmenuster, Calitoroiu

Advanced Mivro
Devices.
Sunnyvale. Calitorpia

Mafloty. P R & Co T
Incianapotis, | ndinn

Nutiomd Company

Malrose, Mussicluse (s

Ny sronics Ine
Trrnsfurmer Co. Div
Alphia. New Jersey

Chavite Mip. (o
Skakic. [Hinoks

Radio Corp. of Americy
New York, New York

Raythean Campany
Lexinglon. dMaine

Sanunie Electric
Springhickd. Hlingis

@

Simpson Hectric Company
Chicupe. Himots

Sprague lec e Co

North Adum & Massaclusetts

Superive Llectec Co.
Rrisiab Conaeedont

Farringiom Mg Co
Tuorrington, Conneetivag

Deleted

Wurdd Leonond Fleetrke Co.
Mereani Vernon, Mew York

Wexg Mg, Co
Sun rimwisea (allomia

Weston Instruments ing
Newurk. Mew Jersey

LLERSH

563

I

71082

Tidip}

THa50

Ti468

TisR1

TI5%8

T0T

bR

THIES

13092

7236

7154

72619

712653

72665

12194

71928

7987

13138

73293

73445

T35d6

73734

Winslow T

Asbun Pug

“ronics b

New Jerses

Amperite Company
Linjen Ciry . New Joras

Hebden Mry Co
Uhdeies I Hinrks

Birnbach Bupdto Co Ine
New Vork Now York

ELMENCO”
Witinmntic Comectiont

Buonnmn Mg,
Div, ol MuGs

v - Pdisen U
S;Ji;! Louis Missouri

UT5 Carp
Eikhzere. bvddisns

ITT Canaon Fleetric ine
Lo angeles, Cdiforniy

Clare. ¢ ?. & U
Chivags, BHnods
Centraigh

Div of Globe Union inc

Mifwinskee. Wiconsin

Lote Coit Co., Inc.
Providenve. Rhode Tsiund

Clieupgo Mindsmre Lamp Works
CRicupa. linais

Cinch Min Co. & Howayd
B. fones Div.

Thicagra, Hinois

Driver, Wither 5, Co
Newirk, New Jumsey

Replyend by B6980

Edeerro Motive My Cu
Wilkierattiv, Connecticnt

Nyirenics fme
Berkehey Hoirhts. Mew Fersey

Deleted

Biatight Corp
Brooklyn, New Yk

G . Gleetronies
Rockfond, Hinois

Regiwced by 96383

Daus Fastener Co., Inc.
West islip, New York

Gudensan Co. (Galtos
industries)
Chicagpo, flineis

ric Teel, Produets Ine
. Pennsybvarii

Bueekenun Enstomments Ing
fRelipot Division
Fulleston, Cafifornia
Frophes Adroralt On
Elctron Dynantics Div

Forrenee. Californiz

Amperes Uleceronic {orp
Fivksville, New York

Catting Eleetric lne
Hurtturd. Connestiont

Ciecle I Industrivs
Tromon, New fessey

Feterl Serew Prodiucts Ine
Chizage. Hinols

7-24-73



TiT45

TiE99  JFD Blwtionics (o
Hrovkiysn. New Yark
73949 Cusrdian Electric Mip Co
Chicuge, iHinois
THE9Y Quam NichoisCo
Chicuge (Hinois
4117 Radio Suitch Corp
Masiboro, New Jersey
74276 Signabite Ine
Neptuoe, Now fersy
436 Pivze Crysial (o
Cartisle Pennsylvania
T4547  Hoyt Dlect. inst Works
Penacook New Hampshine
WM Johnaan BOF Cu
Wisew. Minnesows
750470 IRC ne (Div of TRW)
Philadeiphis, Peansyivaniz
T5376  Kura-Kusch, inc
Dayioa, Ohio
75382 Kulka Eleciriv Comp
Mount Vernon, Mow York
75915 Littlefuse bac
Dhes Plaines, Hhnok
6854 Oak M Co
Crystul Loke. Hinois
17342 Pouer & Brumfield
Div_of Amner, Machine & Foundry
Princeton, Indinas
I%6%  Rubbercruft Corp. of Culif LT,
Torranve. Culifornis
8187 Shakeproof
Div of liinon Taol Warks
Elprin, Mimais
78111 i Instruments, Ine
South Beintree, Massachusclis
TB4BE  Stackpale Carbon Co
Suint Marys, Pennsylvanta
78553 Tinneiman Produces
leveland, Ohio
19136 Waldes Kohinoor ine
Long tsland City, Noew York
T94%7  Western Rubber Company
Goshen, indianz
79961 Zierick Mfg Corp
New RocheBle, Mew York
804031 Mepeo
Div. of Sesstans Clock Co
Morrisiown, Mew Jersey
12473

Fisuier Special Miy (o
Cinvinngti Ohiv

BOT4 35

80183

8294

ansgl

K640

81073

81550

#1112

B1439

41483

31741

81305

41389

g5

83872

83877

82879

83003

B8129%

83330

43478

41594

837440

84171

84411

RESTT

AP [nstuments 4 o
Clhwsteriand Ohio

Spraque Produd
MNurth Adams M

husetts

Bovrens {oc,
Riverside, Culifornis

Haimmarkbond o I
Maes Hill, Norh Caraling

Stevens Arnold ine
Boston, Massachusetls

Grayhill Inc,
La Granpe, Winals

Koy Mip Co
Suatste . Washington

Winehester Electronics
Div of Litten industiies
Oakville Connecticut

Therm-0-Dise fne
Mansfietd, Chio

Inteinutionsd Reetifier Corp
Los Angeles, Califorain
Chiviga Lock Corp

{ hicago, Hiinais

Palmer Llectronivs
Seuth Gute, Catilorniy 90280

Switcheralt Ing
Chicago NHiinok

Prive Electric Corp
Trederick, Marvland

Roosnwell Corp
New York, Mew York

Roton M Lo, ine,
Wondstaek New York

HTT Wire & Cable Div
Pawiucket, Rhude istang

Varo [ne.
Garland, Texas

Bendis Corp
Electsic Power Division
Estontows, New lorssy

Somith, Hlermun H _inc.
Brookiyn, New York

Rubbercralt Corp. of America
Nyw Haven, Connectica |

Busroughs Corp
Electranic Compuonents Div
Plainfield, New Jepscy

Unton Corbitde Coep,
Consumer Preducts Div
New York, New Yark

Arce Electronies, lac
Grest Neck, New York

TRW
Opaltuly, Nebrusky

Breeiston Mewd Products
Stoncham, Masspchusetis

H46684

B&6RY

87034

BHI45

88419

8285690

#9536

89730

U3

901t

90343

51253

51407

51502

BI306

91637

91662

91137

Figg2

91836

91929

21934

93332

94§45

94154

95186

Raddion Curp. of Ameria

Livcironic Compunents & Devices

Harrison, Mew Jersey
Deleied
Mareo-Oxk Fou

Anahein Cafifoenis

Lirton Praducts Tne
Vun Nuys, CsHinrnis

Use 14655
Replaced by 04217

Fluke Jobn Mg Co Tne
Seutde, Wishington

Reploved by G808

Maory Capretion (o
{ndixnapoiis. badiam

Best Suump & Mip Co
Kunsas ity Missausi

Square D Uy
Clibeago, FHlinols

Mallory Bettery £o
Turrytown, New York

Johamson Mip. Co
Buantun, New eesey

Rupluced by 58474

Assotfated Machine
Santa Clua, Califarnia

Agal
Atilvhorn, Mass

Dale Fleetronics bnc
Cobumbus Nobrasky

oo Comp
Willew Grove. Fenpsylvania

Gremar Mig Co. Inc (ITTH
Wabbrn, Mussathusests

Industeial Devives, Inc.
Fapewaer, Now Jersey

Ring's Blectrunics
Tuckahoe, New York

Honeywell Ine
Micio Switch Div
Froepurt, Ulinols

Milley flectie Co | Inc
Puwcket, Rbede Isiand

Sylvanis Eleeinie Products
Semiconductor Products Div
Waburn Massuchuseits

fRupluced by 49536
Tung-Sot

Giv. ol Wagner Eleetric Corp.
Newark, New Jersey

Alcu Flecwranivs Producis Ine,

Lawrenes, Massshosens

95313

§3742

23987

95113

96853

56881

97549

57813

79435

91968

28094

gR159

98278

S8I9

SR38E

98743

98925

99120

55217

493192

99544

89779

Lovigult Mg Ca
Luoag bsfand iy New York

Heplaed by 98175

Vitrutnon Ine
Bridgepart € onnectivng

Radio Cotpr of Anwrie
Salid State & Revwiving Tube Die
Cineinaadi. Ohin

Me thude Mig Carp
Rutling Meyduws BHisuis

upe Flectrie o T
I rienklin Endinm

ves (o fac

Sun § ernanda Fecizic M. Ca
San Pernando. Californin

Rustrak nstrument Co
Manchester New Hampshiee
Thomson Indusiries. fnc
Munbasser, New York

Master Mobiie Mounts

Div. of Whitchudt Eleetronics Corp,

Los Angebes, Califorain

Industrial Hectronic Hdware Corp

New York, New York

White. 5.5 . €o
Prastics Dw
New York, New Yotk

Repluced by 11338
Replaced by 49956

Rubber-Toeok, ipe
Gurdena, Californiz

Micradot inc.
Pasadenu, Coliforniy

Sexlectre Corp
Lonhex Div.
Mamaconeck Nuw York

Accuzaie Rubber & Mastics
Ciilver Clty, Califerniy

Replaced by 12749
Deleted

Hastic Capacitors, int
Chicapo, Hiincis

Southern Electronics Corp.
Burbank, Culifurnia

ST™

Cakland Culiturnia
durshudl [ndusirics
Capacitor Div

Monirovix, Californta
Burnes Corp,
Lunsdowne, Pennsylvania
Toyo Bkicirunics
(R-Qfu Corp }

frvipe. Colifornis 92664

Matienal Conpeetor
Minncapolis, Minn 55436

A3
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Appendix C

es Representatives

ALABAMA
HUNTSVILLE
BCS Associates, Inc.
3322 5. Mernorial Parkway
P.O. Box 1273
Tel. (2035) 8816220
Zip 35801

ALASKA
ANCHORAGE
Harry L.ang & Associates
1406 W, 47th Ave.
Tel, (§07) 279-5741
Zip 99503

ARIZONA
PHEONIX
Barnhilf Associates
7319 £, Stetson Dy,
Tel. (602) 847-7841
Scottsdale, AZ 85251

CALIFORNIA
LOS ANGELES
Instrurment Speclaiists, inc.
2020 N, Lincoin Street
Burbank, CA 91504
Tel, {(213) 849-7181

SANTA CLARA

instruments Specialists, tnc,

2359 e La Cruz Bivd.
Tel. (408) 244-1505
Zip 95080

S5AN DIEGO

instrument Specialists, inc.
4805 Mercury 5t., Ste. 1
Tel. {714) 565.2556

Zip 92111

COLORADG
DENVER
Barnhiill Associates, Inc.
19840 South Quebsec 51,
Tet. (303)} 750-1228
Zip 80231

CONNECTICUT
HARTFORD

Instrument Representatives, Inc,

P.O. Box 165
Gtlastonbury, CT 66033
Tel. {203) 633-0777

FLORIDA
ORLANDO
BCS Associates, Inc.
940 N, Fern Cresk Ava,
Tal. {305} 8964881
{3038) 843-1510
2ip 32803

GEORGIA
DECATUR
BCS Assaciates, inc.
2522 Tanglewood Road
Tel. {404} 321-0980
Zin 30033

Rev. 12/74

HAWAN
HONOLULW
Industrial Electronics, 1n¢,
846 Queen Street
PO, Box 135
Tel. (808) 533-6095
Zip 96817

ILLINGIS
CHICAGO
Copzzens & Cudahy, nc.
1301 N, Rand Road
Des Plaines, 1L. 60016
Tak {312) 298-3600

INDIANA
iNDIANAPOL.IS
Cozzens & Cudabhy, inc.
Port G'Cali Executive Cir,
21 Beachway Blrive
Tel. {317) 244-2456
Zip 46244

KENTUCKY
VALLEY STATION
BCS Associates, inc.
4506 Freda Way
Tel, (502} 935-9634
Zip 40272

MARYLAND
BALTIMORE

Electronic Marketing Assoc. tnc.

11503 Huff Court
HKansingten, MD 207985
Tet, (301} 881-5300, 744-7700

MASSACHUSETTS
BOSTON

instrument Representatives, Inc,

109 Massachusetis Ave,
Lexington, MA Q2173
Tel. (617) 861-B620

MICHIGAN
RETRONT
WKM Asgsociates, {nc.
1474 East Quter Dy,
Tel, (313} 892-2500
Zip 48234

MINNESOTA
MINNEAPOLIS
Cozzens & Cudahy, 1nc,
10800 Lynidale Ave, 5.
Tei. (612) 8844336
Zip 55420

MISSQURI
KANSAS CITY
Cozzens & Cudahy, Inc.
A404 Chauteau Traffic Way
Tel, {816} 454-5836
Zip 64117

5T. LOUIS

Cazzens & Cudahy inc.
P.O. Box 10013

tambert Fieid - Zip 63145
Tel. {314) 423-1234

NEW JERSEY
NEWARK
58M Represantatives
1519 Stuyvesant Avenue
Union, NJ 07083
Tel, {201} 687-B737

NEW MEXICO
ALBUQUERQUE
Barnhilt Associates
1410 -D Wyeming N.E,
Tel. (305) 299-7658
Zip 87112

NEW YORK
NEW YORK
SBM Representatives
28 Hobby Street
Pleasantvilie, NY 10570
Tel. (914) 769-1811

ROCHESTER

SBM Representatives
4515 Culver Road
Tel. (716) 226-3400
Zip 14622

NORTH CAROLINA
GREENSBORO
BCS Assoclates, Ine,
P.C. Hox 9619
1310 Beaman Place
Tel. (919) 273-1918
Zip 27408

OHIO
CLEVELAND
WKM Associates, Inc,
16141 Puritas Ave,
Tel, {(216) 2670445
Zip 44135

DAYTON

WIKM Associates, inc.
6073 Far Hills Ave,
Tel. [513) 434-7500
Zip 45458

OREGON
BEAVERTON
Showalter instruments, Inc.
13485 S.wW. Hargis Road
Tel. {503} 646-3004
Zip 97005

PENMNSYLVANIA
PHILADELPHIA
Electronic Marketing Assoc,
210 Goddard Bivd., Ste. 100
King of Prussia, PA
Tel. {215) 248-5050
Zip 19406

PITTSBURGH

WKM Associates, inc.
90 Cialrton Bivd.

Tel. {412) 802-2953
Zip 15236

TEXAS

DALLAS

Barnhill Associates
208 Business Parkway
Richardson, TX 75080
Tel. (214) 231.2573

HOUSTON

Barnhill Associates
10606 Hermpstead Hwy,
Suite 132

Tal. {713) 688-9971
Zip 77018

VIRGINIA
WILLIAMSBURG
BCS Associates
107 Rich Meck Road
Tel {703) 229-5108
Zip 23185

WASHINGTON
SEATTLE
Showalter instruments, Inc,
5616 4th Ave, South
Tet. (206) 762-2310
Zip 98108

CANADA

BRITISH COLUMBIA

NORTH VANCOUVER

Alan Crawford Associates, Lid.
234 Srooksbank Ave,

Tel, {604) 980-4831

ALBERTA

CALGARY

Allan Crawford Assoaciates, Lid,
644 « 11ih Ave, S.W.

Tet, (403} 261-0780

ONTARIG

MISSISSAUGA

Aitan Crawford Associates, L.td.
6427 Northam Dirive

Tel, (416} 678-.1500

OTYTAWA, 3

Allar Crawford Assoclates, Ltd.
1299 Richmond Road

Tel. {6§13) B29-9651

QUERBEC

EOMNGUEUL

Altan Crawford Associates, Lid.
1330 Marie Victorian Bivd. East
Tel, {514} 670-1212

C1



Argenting
Caasin § A,
Virrey def Pino 4071
Buenos Aires, Argentina
Tet 523185

Austratia
Etmeasco Instraments Poy Lid.
P.O. Box 334
Brockvale, N .5 W. Australia 2100
Tei 839-7944

Bustria
Kontron GmbH & Go. KG
tederergasse 18
108D Vienna, Austria
Tel. 475667

HAelgium
LN, floed 8/A
37 Placa de Jamblinne de Meux
B+ 1040 Brussals, Betgium
Tel. 352135

Brazil
Ambriex S.A.
Aus Ceara, 10429 g 3%, Andaras
2028
Rio de Jansiro GB, Brazit
Tet 2647406
Abrigx 5.A.
Ruaz Tupi, 536
01233 Sac Pawio, SP Brazil
Tel. 527808

Laribbean
West Indies Sates Co.
§08 Calle Aoy
San Juan, Puerto Rico 00307
Yel. (808} 7233743

Lentral Amarica
intermetra Corporation
11 Park Piace, Suite 2003
New Yark, NY 10007
Tet. {2¥2) 343-7630
Chiile
Coasin Chite Lid,
Casiila 14588
Correo 15
Saniiaga, Thile
Tai. 386713

China, Praple’s Republic of
May Lee Iindustries, Inc.
31 East 32ad S1.
New York, NY 18018
Tal {2121 532.0200

Colombia
Marones Lda
Apartsdo Aero BDERT
Bogoa B, Colombia
Tet. 36471

Cyprus
Chris Radiovision tad.
P.0_Box 1989
Nigosia, Cyrpus
Tel. 66121

Bétrrnark
Tage Olsen ASS
Tegivaerksgade 37
2100 Copenhagen P, Denmark
Tet. 294800

INTERNATIONAL REPRESENTATIVES

Ecusdar
Protece Coasin CIA, Lida
Apartado 228A
Quitn, Ecuador
Tel 526755

Finland
Oy Findip AB
Taollisuustie 7
02700 Kauniainen, Finland
Tel 502255

Franeo
M.8. Electranique S.A.
28, Rue Emile Duclaux
83, Suresnes, France
Tel. 7723108

Graoce

Marios Datleggin Reprasentations

2 Alopekis Street
Athaens 19, Greace
Tel. 710669

Hong Kong
Gilman & Co. Ltd
P.0. Box 56
Heng Kong
Tel 227011

India
Hinditran Services Put. Lich
88/A L. Jsgmohandas Marg
Bombay 400006, India
Tel. 366344

tndonesia
BT Unied Dico-Chias Co., Lid
JUN Penjaringan 38A
Jakarta, Indonesia

fran
Berkeh Company tid
20 Satm Fioad, Roosevelt Ave.
Tehran, Iran
Tel. 828284

Israsl
A.D.T. Electronics Eng'r, Lid
P.Q, Box 21082
Tel Aviv 61219, Israel
Teh. 486181

fraly
Sistrel S.p.AL
Via Giorgio da2 Sebenico 11/13
Q0143 Roma, Haly
Tet. 06500-1806

dapan
Toya Trading Company, Lig
£.0. Box 5014
Tokyo intarnationst
Tokyo 168-31, Japan
Teb 2780771

Toyo Trading Company. Lid.
Suzuki Bldg.

2-38 Junkeicho-dort
Minami-ku, Osaks

Tel. (06} 262-3471

Karea
Asis Sclence & Co.
nernational PO Box 1250
Seoui, Kores
Tel 241431

Malaysia
3'Cornor's Plel tid
7.0 Box 1197
Kota Kinabaiu. Sabah
£ast Malaysia
B0 Box 91
Potating Jova, Selangor
West Malaysia

Mexico
Maxitek. 5 A,
Eupenia 408
Oepartments 1y 5
Maxico 12, D.F.
Tel 5360810

The Nothkedands
C N Reed, 8.V,
P.0. Box 42
13 - Cart van der Lindenstraat
Rijswilk {Z H.} Z100
Netheriands
Te! 986360
#luke [Nederiang} B.V.
P.O. Box 8053
Ladeboersiraat 27
Titburg, Netherlands
Tel {133 673973

Now Zeatand
Mr. John Groombridge
P.C Bux 30515
Lower Hutt, New Zeatand
Tol. 63878
Nigeria
Deemtze Eientrotechnics Lid
F O. Bax 3073
Lagos, Nigeriz

Narway
Morgenstierne & Co. A/S
P.B 6628 Rodelokka
Osle 5, Nomway
Tel. 372940

Pakistan
Pak International Operations
P.O. 8ox 5323
505 Muhammadi House-
Mcleod Rd.
Karachi, Pakistan

Paru
irmporiaciones y Representaciones
Electranices S.A.
Avda, Franklin [, Aoosaveit 185
Lima 1, Fere
Tei 272078

Portugal

Equipamentas De {aboratorio Lda,

P.O. Box 1100
Liskon, Portugal
Tal. 976551

Singapore
O'Connor's [Ple} Ld.
98 Pasir Panjang Road
Singapars S, Singapore
Tel. 637044

Scuth Africa
Elairce (Pry.} Lid.
P Q. Box 13091
Northmead 1511
Barani, Trensvaal
Hepublic of South Africa
Tel . {Burban} 20272

South Africa
Eisirco {Pty.} Ltd.
P 0. Box 2143
Durban
Hepublic of South Africa
Tel, 20272

Spain
Ataig lngenieros S.A.
Enrique Larretz 12
Madrid 18, Spain
Tei. 2153543

Swedears
Taleinstrurnant AB
P O Box 450
5-16204 Vallingby-4
Sweden
Tet 386370

Switzeriand
Kontron Electranic AG.
Bernerstrasse {Sud) 165
8048 Zurich, Switzerland
Tei. 628282

Taiwan - Republic of Ching
Helghten Trading Co., 1td
P 0.1408
Teipei, Taiwan 104
Republic of China
Tet. 518324

Thaitand
G. Sirnon Radio Ltd
30 Patpong Ave.
Surkwong
Bangkok, Theiland
Tet, 309913

The United Kingdom
Fluks Imernational Corp.
Garnatt Close
Watlord, W2 4TT, England
Tel. 33066

USSR,
Codevintec Pacific Inc
8263 Varie!
Waodtand Hills, California 513684
Fol. (713) 3481718

Uruguay
Coasin Uruguaya § R4
Cerrita 617 49 Piso
Montzvideo, Uruguay

Vanazuaela
Coasin C.A.
APDO Postat 50838
Sabana Grande No. 1
Caraces 105, Venezuela
Tal, 722311

West Garmany

Fluke {Deutschiand) GmbH
4-BUSSELDORF
Meinackattrasse 53

Tel. (02111450831

Telex: 8585576 Fik D

Fluke {Deutschiand} GmbH
B MUNCHEN 40
imhofstrasse 3

Tel (089 369085

Telex: 052 16087

In Europe, contact FLUKE NEDERLAND, B.\V., POST OFFICE BOX 5053 INDUSTRIETERREIN NOORD, TILBURG, THE NETHERLANDS

FLLUKE REGIONAL SERVICE CENTER; THE NETHERLANDS

FLUKE (NEDERLAND) B.V.
P.O. BOX 5053
TILBURG, THE NETHERLANDS

FLUKE REGIONAL SERVICE CENTER, UNITED KINGDOM

FLUKE INTERNATIONAL CORP.
GARNETT CLQOSE
WATFORD, WD24TT

ENGLAND

AUTHORIZED SERVICE LABORATORIES INTERNATIONAL

EACH INTERNATIDNAL. REPRESENTATIVE 15 EQUIPPED WITH AN
AUTHORIZED SERVICE LABQRATORY. PLEASE REFER TO THE
INTERNATIONAL REPRESENTATIVE LISTING FOR YOUR SERVICE NEEDS,
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