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SECTION

INTRODUCTION AND SPECIFICATIONS

I-1.  INTRODUCTION

1-2, The Fluke Model 845 High Impedance Voltmeter-
Kull Detector allows measurement of de voliages from
one micerovolt to 1000 volts de in 19 ranges. When used
as a nll detector on the 100 millivolt range and below,
the input impedance is 10 megohms, A linear recorder
output allows the instrument to be used for production
testing and also as a, de amplifier with a maximum gain
of 120 db,

1-3. The ingtrument congists of the line powered
Muodel 845A, and the line-battery-powered Model 845AR,
The instruments are half-rack in size, and are equipped
with resilient feet and a tilt-up bail for field or bench
use. A single mstrument may be mounted in a standard
19 inch rack by means of metal handle rack adapter kit
881A~102. Two instruments may be mounted side-by-
gide in a standard 19 inch rack by means of metal handle
rack adapter kit 881A-103.

1-4. ELECTRICAL SPECIFICATIONS

INPUT VOLTAGE RANGE
1 microvoit to 1000 volt do end seale in nineteen ranges,
uasing X1 and X3 progression.

INPUFT RESISTANCE ‘
100 megohms on 300 millivolt range and above.
10 megohms on 100 millivolt range and below.

ACCURACY
+{2% end scale + 0. 1 microvolt).

MAXIMUM METER NOISE (Input Shorted)

RANGE NOISE (peak-to-peak)

0. 20 microvolt
0, 25 microvolt
0. 30 microvolt

1 microvolt
3 mierovolt
10 microvolt - 1000 volt

METER RESPONSE TIME (to 90% of reading)
RANGE TIME
5 seconds

. 3 geconds
1-1/% seconds

1 microvolt
3 microvelt o
10 microvolt - 1000 volt

INPUT ISOLATION

Better than 1012 ohmes at leas than 50% relative humidity
and 25°C regardless of line, chassis, or recorder
grounding., Better than 1010 ohms up to 80% relative
humidity and 35°C. With driven guard, isolation im-
proves by at least one order of magnitude up to 1013
ohmg, Any input terminal may be iloated 1100 volts
off chassis ground.

nC COMMON MODE REJECTION

Better than 160 db, input ghort-circwited,
80% relative humidity,

Better than 140 db, open-g¢ircuited,
50% relative humidity.

Better than 120 db, open-circuited,
80% relative humidity,

AC COMMON MODE REJECTION (betow 100 kHz)
100 volts rme or 120 db greater than end scale, which-
ever is less, will effect reading lesa than 2% of end
st¢ale, Input open~circuited.

AC NORMAL MODE REJECTION (60 Hz and above)
AC voltages 60 db above end scale will effect reading
less than 2% of end scale, Maximum ac voltage not fo
exteed 750 volts rms.

RECORDER QUTPUT

-1 volt, one side at chassis ground; linear to 0.5% of
end scale, BSource impedance, Sk to 7.5k, Response
time is approximately half that of the meter, therefore
noize may exceed meter noise by 6 db.

STABILITY OF ZERO
Better than 0. 15 microvelt/hour.
Better than 0. 3 microvelt/day.

TEMPERATURE COEFFICIENT OF ZERQ
Less than 0. 1 microvolt/°C from 15°C to 35°C,
Leas than 0. 2 mierovalt/* C from ¢ C to 50°C,

ZERO CONTROL RANGE
+5 mierovolt minimum.

OVERLOAD PROTECTION
Up to 1100 volts dec may be applied on any range. Typical
recovery time is 4 seconds.

1-1




845A

INPUT POWER

Model 845A
115/230 volts ac £10%, 50 to 440 Hz, approximately
3 watts,

Modal 845A8
Rechargeable battery or 115/230 volts ac £10%, 50 to
440 Hz, approximately 6 watts during recharge (40
hours operation on full charge, batteries trickie-
charged while Ingtrument cperates from line power).

-5,  ENVIRONMENTAL SPECIFICATIONS

OPERATING TEMPERATURE RANGE
Within all specifications from 15*C to 35%C.
Within all specifications from 0°C to 50°C except:
Maximum noise and meter response time -
derated by a factor of two.
DC Common Mode Rejection -
derated by 20 db.

STORAGE TEMPERATURE RANGE
Model B45A -40°C to +70°C,
Model 845AB -40°C to +60°C,

RELATIVE HUMIDITY RANGE
0 to 80%.

SHOCK
Meets hammer blow requirements of MIL-T-845A and

MIL-5-901B.

VIBRATION
Meets 10 Hz o 55 Hz tests of MIL-T-945A,

1-& MECHANICAL SPECIFICATIONS

MOUNTING

Resilient feet provide for bench and portable use. For
side-by-side EIA rack mounting of two units, add Adapter
Kit 881A-103 (includes handle-brackets and key plate).
For EIA rack mounting of a single unit, add Adapter Kit
881A-102,

WEIGHT
Model 845A 9 pounds.
Model 845AB 10-1/4 pounds.

BIZE
8 inches high by 8-1/2 inches wide by 9 inches deep.

Q

T

Figure 1-1. MODEL 845 QUTLINE DRAWING




SECTION Ii

" OPERATING INSTRUCTIONS

2-1.  INTRODUCTION

2-2. This section of the manual contains information
necesgsary to operate the Madel 845 High Impedance
Voltmeter-Null Detector. Should any difficulties be
"encountered during operation of your inastrument, feel
free to contact your nearest John Fluke Sales Repre-
sentative or write directly to the John Fluke Mfg. Co,
Inc. ‘

2-3. CONTROLS, TERMINALS, AND INDICATOR

2-4.  The location and function of the front-panel
controls are described in Figure 2-1. Detailed oper-
ating descriptions are given in the following paragraphs.

2-5.  PRELIMINARY QPERATION

2-6. Connect the Model 845 line plug to a 115 volt ac
power outlet or to 230 volts ac, if the instrument is =o
wired. ¥ your instrument is & Model 845A, proceed
with ateps a and b. E your instrument iz a Model 845AB,
check the batteries as outlined in paragraph 2-7. Upon
completion of 3 satisfactory battery check, proceed with
steps ¢ and d,

WARNING!

The round pin on the polarized three-prong
plug conngets the ingtrument case to power
system ground, Use a three-to-two pin
adapter when connécting to a two-contact
outlet, For personnel safety, connect the
short lead from the adapter to a high-quality
earth ground,

Place the Model B45A controls as follows:

POWER oN
RANGE 10 MICROVOLTS
OPR ZERO

b,  Adjust the ZERO control for an initial zero meter
deflection. Place the RANGE switch to the 1 MI-
CROVOLT RANGE and re-zero with the ZERO
control.

Place the Model B45AR controls as follows:

POWER LINE OPR or BAT OPR
RANGE 10 MICROVOLTS
OFR ZERO

Adjust the ZERO control for an initial zero meter
deflection. Place the RANGE switch to the 1 MI-
CROVOLT RANGE and re-zero with the ZERO
control.

2-7. MODEL 845AB BATTERY CHECK

2-8, The Model 845AB batteries must be in the proper
charge state for the instrument to operate properly in
the BAT OPR mode. To check the batteries proceed
ag followa: :

Place the POWER switch to BAT CHE position,

The Model 845AB meter needle should deflect with-
in the BATTERY OK region. J the meter neadle
does not stay within the BATTERY OK region for
at least 10 seconds, charge the batteries as indi-
cated in paragraph 2-9, K the batteries are ade-
quately charged, refer to paragraph 2-5.

2-9.  MODEL 845AR BATTERY CHARGING

2-10. X the Model 845AB is left in the BAT OPR mode
for an extended period of time, the batteries will be-
come discharged. K the batteries are fuily dischargad,
the instrument will not operate properly in the LINE
QPR mode until the hattery voltage can be hrought up to
3/4 of full voltage. This will require about 15 minutes
of charging. To charge the Model 845AB batteries pro-
ceed as follows:

Connect the line plug to a 115 volt ac power outlet
or to 230 volts ac, if the instrument is so wired.

Place the POWER swiich to BAT-CHG LINE OFPR.
After 16 hours the batteries will be fully charged
and capable of operating the instrument for at least
40 hours.

2-1




i il (i & i !
METER : POWER §W
Indicates the veltage applied to the 7 QOFF: power removed from the
input terminals. When the Model e ! instrument,
B45AB POWER switch is placed to LIME QFR: instrumant operates on
BAT CHK position, the mater indi- ait Tine power,
cates the chorge state of the intemal BAT CHG LIME OFR: instrument
) operdtes on line power while
batteries are being charged.
. BAT CHK: meter indicutes charge
state of batteries,

Tl it LIUE bl e

MECHANICAL ZERO | 25y OFR CONTROL
Screwdriver adjustment used to sef | B ! ZERO: opens nput ’rarn:unal
the meter fo zero. ] f dicer and shorts amplifier inpif,
TR "wd. 1 allowing zeroing of insfru=
ment,
OPFR; instrument is ready for 5
| operation a5 o voltmeter or null
| detector, i

ZERQ CONTROL

Allows electrical zaroing

b

 GUARD TERMINAL
I This terminal is usually strapped j i 5 A i
to the common temminal. The ' ISOLATED OUTPUT LEVEL fi
y terminal is connected directly ot CONTRGL Eﬂ
to an Ihner chassis shield. By . For full-scale meter deflection, H
remaving the strap, a .QUWd iGuh  this control provides adjustment
potential may be applied to \\liligj of the isolated output voltaga [
the guard terminal, shunting . from O to 1 volt de. i
the leakage current fram the 7 i W)P
common terminal to ground. i

i " s

RANGE CONTROL i

2 N Ei . "
Pravides selaction of the desired ! 4 Provides connection to an external
| full-scale voltage sansitivity. 3 w recorder,

Figure 2-1. CONTROLS, TERMINALS, AND {NDICAT QRS




2-1., MECHANICAL ZEROING

2-12. If may be necessary to adjust the mechanical
zero control of the Model 845 at more frequent intervals
than complete calibration. To mechanically zero the
instrument proceed as follows:

4, Place the RANGE switch to 1000 VOLTS and the
POWER switch to ON or to LINE OPR,

Adjust the mechanical zero adjustment screw for
zero meter deflection.

Place the RANGE switch to 10 MICROVOLTS and
electrically zero the instrument ag outlined in para-
graph 2-5,

Repeat steps a through ¢ until the meter iz me-
chanieally and electrically zeroed.

2-13. OQPERATION A5 A HIGH IMPEDANCE
VOLTMETER

2-14. To operate the Model 845 as a High Impedance
Voltmeter, perform the preliminary operations ac-
cording to paragraph 2-5 and proceed as follows:

4, Place the controls as follows:
POWER ON/LINE QPR or
BAT OPR

OPR
1000 VOLTS

Hote!

When measuring voltages in the microvolt
ranges, use copper wire having low thexrmal
EMF's.

OPR
RANGE

Connect the voltage to be measured to the Model 845
INPUT terminal and connect the common point of
the voitage being measured to the Model 845 COM-
MON terminal.

Deflection of the meter indicates the polarity and
magnitude of the meagured voltage. Increase the
sensitivity of the Model 845 for maxiroum on-scale
deflection,

2-15 OPERATION AS A NULL DETECTOR

2-18. The Model 845 may be used to monitor small
voliage differences in bridge circuits, potentiometers,
and other measuring apparatus. In most of these appli-
cations the circulls are adjusted for zero deflection or
a ntull on the Model 845, Equipment connections for
various types of null detector configurations are illus-
trated by Figure 2-2 through 2-4. To operate the Model
845 as a Null Detector perform the preliminary oper-
ations according to paragraph 2-5 and proceed as follows:

a. Select the desired equipment application as illus-
trated by Figure 2-2 through 2-4 and make the
appropriate equipment connections.

b.

c.

Flace the Model 845 controls as follows:
POWER ON/LINE QPR or
BAT QPR
OFR
as desired

OFPR
RANGE

Adjust the gircuit being measured for zero or 4 null
deflection on the Model 845 meter.

S OU e

Figure 2-2, BRIDGE DETECTOR-FLOATING SUPPLY

“Rawnd By grocter vhan 500 K

Figure 2-3. BRIDGE DETECT OR-HIGH RESISTAMNCE
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2-17 (thllzlil-l}SURlNG VOLTAGES WITH A STANDARD
2-18. The Model 845 may be used with a voltage di-
vider and a standard cell to calculate unknown voltages
with & high degree of accuracy, Connect the equipment
as Plustrated in Figure 2-5. Perform the preliminary
operation as outlined In paragraph 2-0 and proceed as
follows:

a. Place the Model 845 controls as follows:

POWER ON/LINE OPR or
BAT OPR
OPR

as desired

OPR
RANGE

Adjust the voltage divider for zero or null deflection
on the Model 345 meter while placing the RANGE
switch to successively more sensitive ranges.

Caleulate the unknown voltage by dividing the stand-
ard cell voltage by the final divigion ratio of the

1 VOUTAGE . .
- DIVIDER: .

STD CELL

FLUKE MODEL 845

2-19. USE OF ISOLATED QUTPUT

2-20. DC ISOLATION AMPLIFIER

2-21. The Model 845 may be used as a de isolation
amplifier having a voltage gain of up to 120 db, depending
on the settings of the RANGE swiich and the OUTPUT
LEVEL control, To compute the maximum voltage gain
on any range of the Model 845, use the following formmla.

1 volt (maximum
isclated output)

20102 10 RANGE (in volts)

Voltage gain in dby -~

2-22, RECORDER OQUTPUT

2-23, The Model 845 ISOLATED OUTPUT may be used
to provide an ocutput voltage, adjustable from zero to
one volt for a full-gcale meter deflection for use with a
recorder. Since the ouiput is isolated from the Inpur,
floating measurments can be made without the use of a
floating recorder. To use the adjustable recorder out-
put, proceed as follows:

a. Connect the recorder to the ISQLATED OUTPUT

terminals.
Yste!

The lower ISOLATED QUTPUT terminal
iz connected to chassis ground. If a ground
reference iz undesirable, disconnect the
green wire between the power supply cir-
cuit board and the grounding pin on the ac
line plug. Refer to Figure 2-6 for wire
location.

F
GREEMN WIRE

Figure 2-5. STAMDARD CELL VOLTAGE MEASUREMENTS
2-4

Figure 2-6, CHASSIS GROUND-WIRE LOCATION




Turn the recorder on.

Proceed as outlined in paragraph 2-13 or 2-15, as -

desired.

Adjuat the ISOLATED OUTPUT LEVEL control for
the degired output to the recorder. This control
has a log taper so that smooth control is possible
at both high and low settings.

Yote!

The ISOLATED QUTPUT current capabllity
is 100 microamperes with a b kilohm source
impedance.

2-24, OPERATING NOTES
2-25. SPURIOUS VOLTAGES AND CURRENTS

2-26. Voltage measurements at the mierovolilevel
involve the persistant problems of thermoelectric ef-
fects. These effects may be compensated for by tempo-
rarily disconnecting the voltage from the circuit under
measurement and noting the meter deflection of the

Model 845 on the desired range. This reading must

then be subtracted from all subsequent voltage measure-
ments. A thorough undergianding of these effects can
lead to reducing or eliminating them completely.

2-27, THE RMOELECTRIC VOLTAGES

2-28. W a circuit i compoged of two dissimilar metals,
a net voltage will result if the two dissimilar junctions
are maintained at different temperatures. These ther-
moelectric voltages, also known as thermals, thermo-
couple voltages, or Seebeck voltages, can be reduced
by uaing metals having low thermoelectric potentials and
keeping all junctions at the same temperature. The
terminals of the Model 845 are made of pure copper,
gold-flashed to prevent tarnish. For lowest thermal
voltages, all connections to the Model 845 should be
made with pure copper wire. Silver plated copper or
solder coated copper also produce satisfactory results,
Tinmed copper is legs satisfactory than silver plated or
solder coated copper . Nickel and nickel-bazed alloys
are not suitable for cotnections to the instrument, Ex-
cellent results can be obtained using ordinary TV {win
lead, or even lamp cord if high insulation resistance

s not required. I shielding is neceasary, use a length

of flat braid over the cable.
2-29, HIGH SOQURCE IMPEDANCE

2-30. Due to the very high input resistance and ex-
treme sensitivity of the Model 845, it is charge sensi-
tive, Thus, a person's hody potential, an electrostatic
voltage, can cauwze charge redistribution at the input to
the instrument and reauli in meter needle deflection as
a hand approaches the input terminals. Careful shielding
will eliminate thiz problem, Also, due to charges that
may he deposited on the input terminals when the OFPR
switch is set to ZERQ, an appreclable transient will
result when the switch ig set to OPR # nothing is con-
nected to the input terminala. Turaing the switch back

8454

and forth will dissipate this charge, eliminafing the
problera. With a high source impedance, the reaponse
of the instrument iz unavoldably slow due to the low pass
filter used to suppress superimposed noigse, However,
the design of the low pass filter is such that common
mode rejection is extremely high while the response
time for the normally encountered low source imped-
ances is very fast,

2-31, OVERLOAD VOLTAGES

2-32, The ingtrument is designed to withstand up to
1100 volts de or 1100 volts peak ae eontinudusly applied
between any two of the three input terminals, or between
cabinet ground and any of the three input terminals,
regardless of the getting of the RANGE or OPR switch.
However, repeated or continuous overloads above 200
volts in the ranges below 3 millivolis will result in ex-
cessive dissipation in the protective, low-pass-filter
resistor R110, This will result in thermal voltages
which may take several minutes to subside after the
overload is removed.

2-33. GUARDING

2-34. The instrument has an inner chassis connected
to the GUARD terminal on the front panel. Qrdinarily,
this GUARD terminal is strapped to the COMMON termi-
nal. When connected In this way, the inner chassis
gerves as a shield, This greatly improves the leakage
registance to ground and the common mode rajection.
However, since the inner chaasis is available at the
GUARD terminal, it may be driven at the same voltage
as the COMMON terminal, This further increases the
leakage resistance and common mode rejection by about
ten times. The voltage uged to drive the GUARD termmi-
nal should be obtained from a separate source or by
means of a voltage divider connected direetly across
the source so that the leakage currents do not cause
voltage drops across impedances in the circuil under
measurement,

2-35, INCREASING INPUT RESIETANCE

2-36, In the 1 microvolt to 1 millivolt ranges, & 10
megohm resistor-is connected directly across the input
of the instrument. The input resistance may be in-
creased on these ranges by dizcommecting the 10 megohm
resistor where it attaches to the RANGE switch. How-
ever, the input resistance will no longer be well defined.
Typleal input resistances with the 10 megobhm registor
removed, are as follows:

RANGE INPUT RESISTANCE

300 megohms

3 microvolt 1000 megohms
10 microvolt | 3000 megohms
30 microvolt to 1 millivolt 10, 000 megohms

2-5

1 microvolt




SECTION 1l

THEORY OF OPERATION

3-1. INTRODUCTION

3-2. The Model 845 High Impedance Voltmeter-Null
Detector theory of operation is contained in this section
of the manual. A block diagram is illustrated in Figure
3-1, and a functional schematic diagram is located at
the end of Section V, The block diagram and functional
schematic diagram are to be used as an aid in under-
standing circuit theery, and in troubleshooting,

3-3. BLOCK DIAGRAM ANALYSIS

3-4, The Model 845 is a photo-chopper stabilized
amplifier with the overall gain of the amplifier being
precisely controlled by negative feedback, The instru-
ment's main eircuits are an input range divider, a

photocell modulator, an ac amplifier, a synchronous

demodulator, a de amplifier, a meter, an isolation
converter, a neon drive, an 84 Hz multivibrator, a
supply rectifier, and a rectifier filter,

3-5.  The input range divider provides a fixed input
impedance to signals of less than 1 millivolt and allows
reduction of input signals above 1 millivolt, Photo-
choppers modulate the input signal to the ac amplifier
at 84 Hz. The drive signal for the photo modulator is
provided by the neon drive which is composed of neon
lamps driven alternately at 84 Hz by the 84 Hz multi-
vibrator. The 84 Hz signal provides the Model 845 with
an operating frequency asynchronous with the power line

frequency and power line barmonics. The 84 Hz multi-
vibrator also drives the following circuits; (1) the supply
rectifiers which provide operating voltages for the am-
plifiers, (2) the isolation converter which provides the
isolated recorder output, (3) the synchronous demo-
dulator which demodulates the amplified de signal. The
entire amplifier and the secondaries of both trans-
formers are surrounded by a guard shield which permits
the use of external guard voltages, :

3-6. The ac amplifier is a high impedance amplifier
whose gain is controlled by the resistance selected by .
the RANGE control, Thé amplified dc signal is then
detected by the synchronous demodulator,

3-7. Demeodulation of the output signal of the ac am-
plifier is accomplished by a gynchronous demodulator.
The synchronous demodulator is driven by the 84 Hz
reference signal and detects the amplified dc signal.
The detected de signal is then amplified by a dc am-
plifier whose gain is controlled by fixed feedback. The
output signal of the dc amplifier drives the meter which
indicates the polarity and magnitude of the measured

‘voltage, and the isolation converter which drives the

isolated recorder output. This same dc signal is also

‘fed back to the input of the ac amplifier to control over-

all amplifier gain, The feedback ratio is determined
by the setting of the RANGE control and allows overall
amplifier gain to be precisely controlled,

RECTIFIER

LINE POWER f—ue ~ AND
FILTER I

84 HZ

MULTIVIBRATOR

Lrrrnnnnn)

M

rmm——— T e

MNEON SUPPLY

DRIVE RECTIFIERS

LA
fisv Tisv

SYNCHRONGUS
DEMODULATOR

‘INPUT RAMNGE, rHE‘D{M(‘)‘;.

DIVIGER

©O— ety

|

|

I

|

? -7
l

t

|

m

MODULATOR

1

DEMODULATOR
CONVERTER

ISOLATION

I~

]
1
I
I
I
I
I
!
i

RECORDER
QUTPUT

NEGATIVE FEEDBACK

METER

— e —— e -l

GUARDS i.......____—.-..,_—-———m—— . _ GUARD SHIELD

Figure 3-1.
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845A

3-8. CIRCUIT DESCRPTION
3-9, THE POWER SUFPPLY

3-10. Input power transformer T201 receives 115
volis ac, or 230 volts ac if the instrument is so wired,
through the power switch, 8201, The primary winding
of T201 is construeted in such a manner as to utilize
elther 115 volts ac input, windings parallel, or 230 volts
ac, windings in series. Fuse, F1, protects the Model
845 eireuitry from overloads.

3-11, The secondary voltage of T201 iz rectified by
bridge rectifier CR20L through CR204, An additional
bridge leg composed of CR20L and CR206, is uwsed on
the Model 845AB for charging of the batteries. This
additional leg allows charging of the batteries while
using the inatrument on line power and also references
the bridge rectifier to the battery voliage, providing
regulation of the de output voltage. When the POWER
awitch 5201 ia placed to the BAT CHEK position, meter
multiplier resistor R205, and meter shunt resistor
R157, are gelected, The output de voltage of the bat-
teries under an actual load condition is then indicated
by the meter of the Model B45AB, The Model B45A
bridge rectifier output voltage is regulated by zener
CR207. Capacitor C201 {iilters the output dc voltage con
both Model 845 Instruments, This regulated output is
used as the operating voltage for the 84 Hz rmliivibrator.

3-12. The 84 Hz multivibrator is used to provide ayn-
chronous drive voltages and de operating voltages for
the Model 845 amplifier circuits free from any power
line frequency varlations and harmonics. The mulfi-
vibrator 1s a transformer-coupled free running multi-
vibrator compoged of transistors Q201 and G202, trans-
former T20Z2, and frequency determing components C203
and R206 through R208. Variable reaistor R206 is used
to adjust the frequency of the multivibrator to 84 Hz.
The voltage at the secondary of T202 is rectified by
CR1(4 and CR105 to produce the positive and negative
15 volt de operating voltages for the amplifier ¢ircuits,
The same winding furnishes the synchronous demodu-
lator and isolation converter drive signals and is tapped
at a higher voltage level to drive the neon lamps DS101
and 3102, The neon lamps provide the drive signals
for the photocell modulators V101 and V102,

3-13, THE INPUT DIVIDER

3-14. The bagie full-scale sensitivity of the Model 845
ig limited to & maximuam of ] milllvelt, Therefore,
input signals above this value must be reduced, The
input divider consists of R101 through R109 and RANGE
switch 8101A, On ranges being a multiple of 1, input
voltages above 1 millivolt are divided down o 1 milli-
volt or less, upon selection of the proper renge. On
ranges being a multiple of 3, input voltages above 1
millivolt are divided down to 300 microvolts or leas,
upon selection of the proper range, On ranges of 1 milli-
volt and below, a 10 megchm resistor, R104, is ¢on-
nected across the input to provide a fixed value of input
impedance.

3-2

3-15. THE AC AMPLIFIER

3-16, The Input signal from the input divider is filtered
by a three stage, low-pass filter composed of R110,
Ciloi, Ri11, C102, R112, and C103, This filter reduces
any ac voltage having a frequency above 1 Hz. The
filtered dc voltage is then square-wave modulated by
photochoppers V101 and V102, which are driven by
DE1M and D302, The resulting square-wave signal is
coupled through C104 and the Ferrite Bead FLI1 and
amplified by @101, Q102, and Q103 which form a three
stage ac amplifier having a high input impedance, The
gain of the ac amplifier is controlled by the common
emitter resistance selected by the RANGE switch S8101E,
Maximum gain is used on the 1, 3, 10, and 30 microvolt
ranges and ig gradually reduced by the selection of R124
through R126 as the range ie increased. The output of
Q103 ig capacitively coupled to a two stage current am-
plifier composed of (104 and 105, The current ampli-
fiers have a constant gain controlled by fixed negative
feedback through R130 and C111,

3-17. THE SYNCHRONOUS DEMODULATOR

3-18. The synchronous demodulator detects the magni-
tude and phase of the amplified signal, The 84 Hz drive
signal is applied to the base of transistor Q106 which
references the synchronous demodulator to the same
phage as the photo modulator, The demodulated signal
is filtered by 8134 and C114 before being applied to the
de amplifier.

3-19. THE DC AMPLIFIER

3-20. The dc amplifier amplifies the detected de signal
from the synchronous demodulator. ‘Transistors Q107
through Q112 comprise a two-stage differential amplifier
with a complementary emitter-follower output. Negative
feedback through R149 and C116 1s applied to the base of
Q108 and controls the de amplifier gain. The output
from the common emitter of Q111 and Q112 is 1 voit de
for a full range input on any range, which drives the
meter and Isolation converter. Overall negative feed- -
back through the resistive network of R138 through R142
and R114 is controlled by the position of the RANGE
switch §101C, This negative feedback allows precise
control of the overall gain of the Model 845 amplifiers,

3-21. THE ISOLATION CONVERTER

3-22. The isolation converter drives the recorder out-
put and provides isolation from the Model 845 amplifier
eireuitry, The output signal from the d¢ amplifier 18
applied to the transiztors Q113 and 114, Anp 84 Hz
reference drive signal is applied to the bases of tran-
sistors Q113 and Q114 which causes modulation of the
dc irput signal fo oceur. The resulting modulated slgnal
iz coupled to the gecondary of T203 where transistors
@203 and Q204 demodulate secondary signals occuring
at their 84 Hz bage signal rate, Capacitor C204 charges
to the peak of the demodulated signal and discharges
through the QUTPFUT LEVEL control R1, C3 and R2
tilter the resulting de output voltage for the recorder
output,




SECTION 1V

MAINTENANCE

4-1 INTRODUCTION

4-2, The Model 845A and 845AB instruments should
be ¢hecked for calibration ammually. Without extreme
abuge all that should be required is periodic cleaning
and calibration as gpecified in this section. ¥ a problem
arises, refer to the information on corrective mainte-
nance in this section,

4-3. TEST EQUIPMENT

4.4,  Figure 4-1 lista the recommended equipment
and their gpecifications which are required for mainte-
nance and calibration.

4-5  BATTERY REPLACEMENT

4-6.  Batteries m the Model 845AB need to be replaced
when 16 hours of charging will no longer bring the meter
to the minimmwmn BATTERY OK region,

4-7.  To replace the batteries proceed as follows:

a, Remove upper and lower dust covers of the Model
840AR,

Locate the battery pack which iz mounted below the
power supply printed cirenit assembly and unsolder

the black and red leads that electrieally connect -

the battery pack to the power supply printed cix-
cuit assembly.

Remove the six nuis and screws that attach the bat-
tery pack te the power supply printed circuit as-
sembly.

Remove the battery pack from the Model 845AB
and replace the defactive batterles observing the
connections and polarities as illustrated in Figure
4-2,

Replace the battery pack in the Model 845A8, se-
curing it to the power supply printed circeuit az-
sembly and chassis assembly with the six screws
and nuts removed in atep c.

Replace the battery pack black and red lgads re-
moved in step b, and replace the upper and lower
dust covers,

Check the batteries as outlined in paragraph 2-7.
I the batteries show a discharge, recharge them
as outlined in paragraph 2-9.

4-8 230 VOLT AC POWER-LINE CONVERSION

4-9. Al versions of the Model 845 may be converted
for operation on 230 volt ac line power by modifying the
power supply printed circuit aggembly wiring, Factory
modified versions will bave a decal on the rear panel
indicating a 230 volt ac input requirement.

410, To convert the Model 845 to 230 volt ac operation
proceed as follows: ‘

a. Remove the top-hack dust cover.
b. Locate T201 on the power supply printed circuit

aasembly and remove the two jumper wires labeled
115V. Reter to Figure 4-3, for location.

EQUIPMENT
NOMENCLATURE

SPECIFICATIONS

RECOMMENDED
INSTRUMENT

DC POWER SU0PPLY
volts.

Oscilloscope

Battery 10 volt

Output voltage of 0 to 1000 volis de.
Accuracy of £0, 26% or 100 micro-

Voltage sensitivity of 200 uv/¢m,

Sweep speed of 2 ms/cm,

Fluke Model 333A

Hewlett-Packard Moadel 130C

1
1
M |
1
i
1
1
1
1
1
i
i
1
i
i
i
1
]
|

Figure 4-1. TEST EQUIPMENT REQUIREMENTS




845A

Place the jumpers removed in step b acroas the . Loosen the four screws located below the removed
230V labeled terminals, refer to Figure 4-3 for small right side cover, by two turns only.
location, and solder the connections, -

. CAUTION!
Replace the top-back duat cover and install a 3AG
1/32 ampere fuse in place of F1, Avoid touching polyethelene grommets,
Contamination will cause excesszive elec-
trical leakage.

RED WIRE BLACK WIRE i. Remove the top and bottom acrews that fasten the
right side casting to the power supply board bracket,

Loosen the top and bottom serews that fasten the
left side casting to the power supply board bracket
by two turns.

Take off the power plug bracket at the rear of the
ingtrument by removing two screws that fasten it
to the side castings.

Figure 4-2, BATTERY POLARITY COMNECTIONS Pull the rear of the right side casting out far enough
to gwing the power supply board bracket out from .

the back of the instrument. This will allow access
4-1. DISASSEMBLY INSTRUCTION fo the entire component side of the amplifier board.

Remove the input shield }ocated at the end of the
Luecite rods by removing the two attaching screws.
This will allow access to the first three amplifier
stages Q101 to G103, and the chopper drive photo-
cells V101 and V102,

4-12. The following procedure can be used to gain
access to the inside of the Model 845:

Remove the top-back cover by removing four serews
that fasten it {o side castings, Thig allows access
to the parts on the power supply board (parts with

200 series reference designations, ) I§ it is necessary to gain access to the land side of

amplifier board, proceed as followa:

Remove the bottom cover by removing two screws
that fasten it to gide castings, This allows access W lPolg.ggntht; eﬁgﬂ‘ﬁghﬁéﬂggﬁg&%gﬁﬁg

to cap_acitors C1 and C2 on the front panel. toward the bottom of the instrument,

Remove the large side cover on both sides of in-
‘ {2) Place the RANGE gwitch to 1000 VOLTS and
strument by removing two screws that fasten each loosen the other et serew that now points down,

of them to side castingsa, and take off the RANGE knob,

Remove the top cover of the guard chassis by re-
moving four screws; two screws on the top of the
guard and two on the back, This allows access to
the de amplifier Q107 through @112, and the last
two stages of the ac amplifier, Q104 through 108,
The instrument will still operate properly with the
top of guard chassis removed. When the instru-
ment is turned on, a red neon glow from the two
lecite rods on the amplifier board ia an indication
that the photo-modulator drive circuit is working,

Remove the bottom-back eover of guard chassis
by removing two screws on bottom, This allows
access to; the input divider R101 to R110, the +15
and -15 volt de supply filter capacitors C117 and
C118, and the recorder output modulator G113 and
114, The instrument will still operate but will
have a mater offset, eapecially with high source
impedances. '

Rermove the screw that fastens the right side casting ' ' '
to the front panel at the top of the Instrument, 115v CONNECTIONS

230v CONNECTIONS

Remove-the small right side cover by removing , '
the two screws that attach it to the chassis. Figure 4-3. T201 115/230 VOLT AC POWER TERMIMALS




(3) Loogen the set gerew on the ZERQO control shaft
coupler where It cénnects to the potentiometer.

(4) Using a 1/2" socket wrench, remove the nut
that holds the range switch to the puard chassis.

{5) Remove the four secrews that hold the amplifier
board to the guard chassis.

(6) Slide the amplifier board toward the rear of the
instrument. This will allow accegs to the land
side of the amplifier board,

4-13. CORRECTIVE MAINTENANCE

4-]4, TROUBLESHOOTING

4-15. The purpose of troubleshooting iz to locate and
replace as quickly as pogsible any malfunctioning com-

ponent or componénts that are causing improper oper-
atlon. The causes and remedieg of the more common

" troubles that may occur are listad in the troubleshooting

chart, Flgure 4-4, Waveforms useful for trouble-
Ehootmg are given in Figures 4-5 through 4-10, A com-
plete understanding of the theory of operation and fa-
millarity with the schematic diagram iz the bestway to
locate and correct the cause of any malfunction.

- 4-16, VISUAL INSPECTION

4-17. Troubles mpay sometimes be located by a thorough
visual inspection. This may be accomplirhed by looking |
for the following symptoms:

a, Accumulations of dirt, dust, molsture, or grease,
Remove contamination as cutlined in parasraph 4-18,

b. Scorched or burned parts. Damage of thia type is
ugually cauvzed by other defective components.
Determine the cuase of damage before replacing
the components,

- SYMFTOM FROBAELE CAUSE

FAULT ISOLATION PROCEDURE

Blows inzes
‘ of T201

* Bhorted turn In T201

Bhort elrcult aeross secmdary

Defective CH201 through CR206

Test for short circuit between pins 3 and 6,

Unsolder R202 in secondary of T201. A
- shorted turn will require almost as much
current as normal operation.

Measure voltage of €201, Should be 10.5
volta. If near zero, raplace CR20]1 thru
CR206, as necessary.

Photo Modulator
inoperative
(Neon lights out)

Low battery voltage

Defective Q201 or Q202

C203

No drive to neon lamps DS101
and DS102

Open winding on T202, or open

Charge batteries.

I voltage of C201 1s less than 7 volts, and
batteries are charged, replace Q201 and/or
Q202,

Waveform on TP10 should agree with Figure
4-5. F square wave is absent, T202 or C203
is defective, .

A square wave of over 200 volts peak-to-peak
should be present between pin 9 of T202 and
the GUARD terminal, ¥ not, T202 may be

defectiva,

Meter movement

Dead meter
inoperative ‘

Defective auxiliary supply

Check meter with an ohmméter. Panel meter
should peg, (Model 845AB in LINE OPR, line
cord disconnected),

Test points 3 and 4 voltage is near zero,
check the associated diode and capacitor.
¥ both voltages are zero, T202 i defective.

Figure 4-4," TROUBLESHOQOTIMNG CHART (S'haar 1 of 2)




SYMPTOM PROBABLE CAUSE FAULT ISOLATION PROCEDURE

Meter pegs or Meter mechanically stuck Using an oscilloscope with de coupling, measure

wanders waveforms at TP6. If waveforms agree with Figure

Defective amplifier 4-6 check Q111, Q112, Q109, Q110, Q107, and Q108

by replacement, If waveforms are not correct, then:

(a) Waveform at TPS looks more like waveform at
TP7, Figure 4-7, Q1086 is open.

(b) No change in waveform at TP6 as ZERO control
is rotated. R114 is shorted, bhase of Q101 15
shorted, V101 or V102 is shorted.

(c) Waveform at TP looks like a square wave,
Measure waveform at TPT7. If square wave dis-
appears and waveform at TP7 ig correct, C112
is shorted. If waveform is not correct, remove
@104 and measure waveform at TP2, Figure 4-8.
If square wave persists, short junction of R115,
C104, 105, and base of Q101 toc common. If
square wave disappears, remove ghort and trans-
fer short to R112, C103, and V101 junction, If
square wave returns, a photocell is defective, or
C104 iz shorted. I square wave does not return
move the short to the end of R110 that connects
to RANGE awitch. I square reappears, CR101
or CR102 is defective. I square wave does not
reappear, the RANGE switch is defective.

No zignal at TP6. I there is also no =ignal at
TPT, @106 is probably shorted. K Q106 is
satisfactory, measure waveform at TP2, If
there ig still no gignal, C107, CR103, Qi01,
@102, or Q103 is defective,

ISOLATED QUTPUT | Open winding on T203 Check and replace as necessary.
operates on one defective @113, Q114, Q2Z03,
polarity only or Q204

Slower response Leaky C120 Test and replace if necessary.
in negative direction

Measurements are Shorted C116 Test and replace if necessary.
low on high-gensi-
tivity ranges

Poor stability Defective CR207 Replace if necessary,

Batteries not charged Charge batteries as in paragraph 2-9.

Noise on 1, 3, and Dirty or defective @101, Meagure waveform at TP2. Figure 4-9 waveform

10 uv ranges or defective Q102 shown in normal. Additional noise at TP2 is due

to dixty Q101 or defective Q102. Remove @111 and

Detective Chopper @112, and apply an input of 1 v, Observe waveform

at TP1 for waveform shown in Figure 4-10:

() Excessive noise can be caused by poor positioning
of neon lamps.

() Smaller waveform can be caused by slow response]
of photocells; if zo, replace cells.

Unguarded leakage Dirty grommets Clean according to paragraph 4-18,
poor

Leakage in T202 or T203 Test and replace if necessary.

Guarded leakage Leakage in T202 or T203, or | Test and repair as necessary.
poor pins touehing circuit board

Contaminated binding posts Clean according to paragraph 4-18.

Poor overload Defective C101, C102, C103, Test and replace as necessary.
recovery €120, CR101, CRi02, or R110

Figure 4=4, TROUBLESHOOTING CHART (Sheet 2 of 2 )




2WS/CM

INPUT SHORTED~ZERO CONTROL  5MS/CM
CENTERED-C) 104 REMOVED

Figure 4=5, WAVEFORM AT TPI10

Figure 4-8, WAVEFORM AT TP2-Q 104 REMOVED

SMS/CM
INPUT SHORTED ZERO CONTROL CENTERED

SMS/CM
ENPUT SHORTED-ZERQ COMNTROL FULLY CLOCKWISE

" 500M5/
INPUT SHORTED-ZERQ CONTROL CENTERED

Figure 4=9. WAVEFORM AT TP2

2M3/CM
INPUT OF 1 MV ON 1 UV RANGE

Figure 4-6. WAVEFORMS AT TPé

SMS/CM
INPUT SHORTED-ZERO COMTROL CENTERED

Figure 4-7, WAVEFORM AT TP/

[L

Figure 4=10, WAVEFORM AT TPI

Cracks, cuts, and other damage to the polyethelene
grommets or to the circuit boards.

CAUTION!
Do not touch the polyethelene grommets.
Contamipation will catise excessive clec-
trical leakage.

4-18. PERIODIC MAINTENANCE

4-18, Pericdic maintenance congists of occ:asion::ll
cleaning to remove dust, grease, and other contari-
nationg,

4-5




4-20. To clean the instrument proceed as follows:

Remove accumulations of dust and other foreign
raatter with low-pressure, clean dry air,

Clean binding posts and front panel with denatured
alechol, using a clean cloth or cotton swab. Do not
attempt to clean swiiches.

4-21, LEAKAGE RESISTANCE TEST

422, ‘The following leakage test is to be used to check
the leakage resistance of the Model 845, Failure of the
instrument to meet the test indicates the need of cleaning
or troubleshooting.

Connect the equipment as illustrated in Figure 4-11.
Place the Model 845 controls as follows:

ON/LINE OPR or
BAT OPR

QPR OPR

RANGE 300 MICROVOLTS

For a leakapge resistance of 1012 ohms, the panel
meter must not indicate more than 100 microvolts,
Allow sufiicient time for the meter deflection to
atabilize.

POWER

;1 @

MODEL 845

i
ll

10 VOLT OR DC BATTERY SUFPPLY

Figure 4=11. LEAKAGE RESISTAMNCE TEST
EQUIPMENT COMMECTIONS

4-23. CALIBRATION PROCEDURES

4-24. The Model 845 should be calibrated once every
vear. It is recommended that if component replacement
is performed, the Model 845 showld be re-calibrated,
Test and alignment polnta are iliustrated by Figure 4-12,

4-25, METER CALIBRATION

4-26, Connect the equipment 2s illustrated in Figure
4~13 and proceed as follows:

Yote!

Allow equipment to warm up for at least
9 minutes.

TPIO

Figure 4-12. TEST AND ALIGNMENT POINTS

Place the Model 845 controls as follows:

ON/LINE OPR or
BAT OPR

OPR OPR

RANGE 10 VOLTS

POWER

Adjust the Model 332A output for 10 volta de.

Adjust R151 for a full-scale deflection (+10) on the
Model 845 meter.

Figure 4=13. CALIBRATION EQUIFMENT CONNECTIONS

4-27, CHOPPER FREQUENCY

4-28. To adjust the 84 Hz multivibrator frequency,
proceed as follows:

a, Place the Model 845 POWER switch to ON/LINE
QFR or BAT OFR.

Connect an oscilloscope between TP10 and ground.

Adjust R206 until the oscilloscope waveform has a
time period of 12 milliseconds, as illustrated in

Figure 4-5.
Note!

A freguency counter may be used in lieu of
the ozeillogeope for adjustment of the 84 Hz
multivibrator frequency.

=




SECTION V

LIST OF REPLACEABLE PARTS

5-1.  INTRODUCTION

5-2, This zection contalns complete descriptions of
thoge parts one might normally expect to replace during
the life of the instrument. The first listing is a break-
down of all of the major assemblies in the instrument.
Subsequent listings itemize the components in each as-
sembly. Every listing where possible, is accompanied
by an illustration identifying each component in the
ligting., Asszemblies and subassemblies are identified
by a reference designation beginning with the letter A,
{e.g., Al, AZ, A3, etc.). Components are identified
by the schematic diagram reference designation (e.g,
R1, C107, DS1). Parts not appearing on the schematie
diagram are identified by only a location index number,
Flagnotes are used throughout the parts list and refer
to ordering explanations, The flagnote explanatmns
appear at the end of the parts list,

5-3 COLUMNAR INFORMATION

4. The RE¥ DESIG column indexes the item description
. to the associated fUustration. I general the refer-
ence degignations are listed in alpha-mumeric order.
Subassemblies of minor proportions are sometimes
listed with the assembly of which they are a pait.
In thiz cage, the reference designations for the
components of the subassembly may appear ouf of
order,

The INDEX NOQ. colurmn lists eoordinates.which
locate the designated part on the associated illus-
tration.

The DESCRIPTION column deacribes the sallent
characteriztics of the component, Indention of the
item description indicates the relationship to other
agsemblies, components, ete, In many cases it is
necesgary to abbreviate in this column, For ab-
breviations and symbols used, see paragraph 5-7.

The ten-digit part number by which the item is
identified at the John Fluke Mfg, Co, is listed in
the STOCK NO column, TUse this number when
ordering parts from the factory or authorized rep-
resentatives,

The Federal Supply Code for the item manufacturer
iz listed in the MFR column, An abbreviated list
of Federal Smply Codes is ncluded in the Appendix,

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

The TOT QTY column lists the total quantity of the
item used inthe mstrurnent, Second and subseguent

listing of the same item are referenced to the first
Uating with the abbreviation REF. In the case of
optiopal subassemblies, plug ing, ete, that are not
always part of the ingtrument, the TOT QTY column
lists the total quantlty of the item in that particdar
assembly.

h, Entries in the REC QI‘Y columm indicate the recom-
mended number of spare parts necessary to support
one to five ingtruments for a period of two years.
This list presumes an availabillty of common elec-
tronic parts at the maintenance site, For mainte-
nance for one year or more at an isolated sife, it
is recommended that at least one of every part in
the ingtrument be stocked.

The USE CODE column identifies certain parts
which have been added, deleted or modified through-
out the life of the instrument. Each part for which
a Use Code has been assigned may be identified with
a particular instrument serial number by congulting
the Serial Wumber Effectivity List at the end of the
parts list, As Use Codeg are added to the list,
the TOT QTY column listings are changed to re-
flect the moat current information, Sometimes
when a pari is changed, the new part can and should
be used as a replacement for the original part. In
this event a parenthetical note 1z added in the DE-
SCRIPTION column.

5-4. HOW TO OBTAIN PARTS

5-5. Standard components have been uzed wherever
possible. Standard components may be ordered directly
from the manufacturer by using the manufactuter’s part .
number, or parts may be ordered from the John Fluke
Mifg, Co, factory or authorized representative by using
the Fluke part number, In the event the part you order
hag been replaced by 2 new or improved part, the re--
placement will be accompanied by an explanatory note
and installation instructions, if necessary.

5-6. You can insure prompt and efficient handling of

your order to the John Fluke Mfg. Co. if you include the

following information:

a. Quantity,

b. FLUKE Stock Number.

c. DPescription.

d. Reference Designation.

e. Instrument model and serial number.

Example; 2 each, 4805-177105, Trangigtors, 2N33653,
Q107-108 for 845AR, s/n 168,

If you must order structural parts not lsted in the parts
ligt, describe the part as completely ag possible. A
sketeh of the part showing ite location to other parts of
the instrument is usually most helpful,

5-1




LIST OF ABBREVIATIONS

alternating current
Aluminum

ampersa

asgembly

capacitor

carbon film

centigrade

ceramiec

composition

connector

decibel

direct current
double-pole, double-throw
double-pole, single-throw
electrolytic

fahrenheit

germanium

guaranteed minimum value
henry

hertz

high frequency
integrated circuit
intermediate frequency
kilobmn

kilohertz

kilovolt

low frequency
megahertz

megohm

metal film
microampere
microfarad
mierohenry
microgecond
microvolt

milliampere
millihenyy

millohms

millisecond

millivolt

milliwatt

pancampere

nanogecond

nanovolt

ohim

parts per million

peak inverse voltage
peak to peak

picofarad

plastic

pole

position

printed cireuit

radio frequency

radio frequency interference
resistor

root mean square

rotary

gecond

gection

serial number

silicon

silcon controlled rectifier
single-pole, double-throw
single-pole, single-throw
switch

tantalum

transistor

transistor voltmeter

ultr high frequency
vacuum tube voltmeter
variable

very high frequency

very low frequency

volt

voltampere

volts, alternating current
volts, direct current
watt

wire wound
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DESCRIPTION

FINAL ASSEMBLY -Figure 5 - 1
Line-powered model
Battery/line-powered model

Chasgsis Assembly
(See Figure 5-2)

Front Panel Assermbly |
(3ee Figure 5-3)

Ampitfier P/C Assembly 1702-194399 1702-194399
{See Figure 5-4) (845A-401)

Power Supply P/C Assembly

(See Figure 5-5)

Mode! 845A 1702-194407 1702-194407
(845A-402)
Model 845AB | 1702-194655 1702-1945556
(B45AB-402)
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Figure 5=2, CHASS15 ASSEMBLY
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DESCRIPTION

MFR
PART NO

CHASSIS ASSEMBLY ~Figure 5-2

Battery, 1. 2v, Ni-Cad,
{not illustrated)

Czp, miea, 0.001 uf £5%, 500v
(not 1lustrated)

Fusze, Type MDL, slow blow,
1/16 amp, 250v
(for 115v operation)
{not illustrated)

Fuse, Type MDL, slow biow,
1/32 amp, 250v '

(for 230v operation)
{not illustrated)

Connector, male, 3 prong
ehassis mount
Helder, battery
. (not illustrated)
Holder, fuse

Coupler, 1/4 to 1/4
{not iliustrated)

Coupler, 1/8 to 1/4
{not llugtrated)

Cover, bottom

Cover, slde ‘
Cover, side (not illustrated)

Cover, sidé“'ﬂ"nnt .
Cover, side front (not illustrated)

Cover, top

Foot, rubber

Foot, rubber

Foot, rubber

Foot, rubber

Handle, black vinyl

Line cord (not illustrated)

Shaft, zero (not illustrated)

Shaft, range switch (not illugtrated)

Tilt stand

4002-160380

| 1504-148387

5101-163030
5101-163022

2309-160275
3155-194530

2102-160846

2402-104505
2402-193567

3156-194233

3156-194290
3166-154290

3ib6-162164
3156-162164

3156-194225
2819-103309
2819-103309
2819-103309
2819103309
2404-166280

6005-161638

3156-194365]

2814-203299
3156-194282

C1. 24

CD19F102J

Type MDL

M-1548-C8
3155-194530

342004

2402-104503
2402-193557

3156-194233

3156-194280
3156-194280

3156-162164
3156-162164

3156-194225
9102-W
9102-W
9102-W
9102-W
919+415-173
107-1, VT
8156-194365
2814203299

3156-194282
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DESCRIPTION

FRONT PANEL ASSEMBLY

Figure 5-3

Cap, mylar, 0,047 uf £20%, 1200v
Cap, poly, 0.047 uf £20%, 1200v
Cap, eleet, 10 uf +50/-10%, 25v
Binding post, red

Binding post, red
Binding post, black

Binding post, red
Binding post, black

‘Meter, 100-0-100 ua, 650¢

{845A only)

. Meter, 100-0-100 wa, 6508

(B4BAB only)

Res, var, comp, 10k £30%, 1/3w
Res, comp, 4.7k £10%, 1/2w

. Switch, detent, dual index ball

(845A only)
Switch, detent, dual index ball
(845AB only)

Enoh, LEVEL
EKnoh, POWER
Enoh, RANGE
Knoh, ZERO

‘Panel, front (845A only)

Panel, front (845AF only)
Shorting link :

1507-182683

1507-190561
1502-170266
2811-149856
2811-149858
2811-142984
2811-142076
2811-142984
2001-192310
2001-192294

4701-192344
4704-1.08381

5108-193573
5108-193565

2405-158949
2405-158956
2405-170035
2405-158949

1406-194209
1408-194522
2811-190728

343-087TM
JF-T
C426ARF10
BHB-10208-
Ga2

BHB-10208-
G22
DF31BC
DFI1IRC
DF31BC .

2901-192810

2901-192294

WF-45

EB4721
Type F

Tyep F

2405-158949

. 12406-158956

24056-170035
24056-156949

1406194209
1406-194522
9381L.G
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Figure 5~4. AMPLIFIER P/C ASSEMBLY ( SHEET 1 OF 2)
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Figure 5-4. AMPLIFIER P/C ASSEMBLY (Sheet 2 of 2)

DESCRIPTION

STOCK
NO

MEFR
PART NO

AMPLIFIER P/C ASSEMBLY
Fiaure 5-4

Cap, plste, 0.47 uf +20%, 100v
Cap, plste, 0.47 wf +20%, 100v
Cap, plste, 0.47 uf £20%, 100v
Cap, plste, 0.1 uf x20%, 250v
Cap, cer, 300 pf £10%, 500v

Cap, elect, 1250 uf +50/-10%, 4v

Cap, eleet, 250 uf +50/-10%, 186

Cap, cer, 300 pf £10%, 300v
(underneath cover)

Cap, plste 0.1 uf +20%, 250v

Cap, elect, 10 uf +50/-10%, 25v
Cap, mylar, 0.0047 uf +20%, 200v
Cap, elect, 10 uf +50/-10%, 25v
Cap, elect, 400 uf +50/-10%, 4v
Cap, Ta, 10 uf £10%, 20v

Cap, Ta, 6.8 uf 210%, 38v

Cap, plste, 0.1 uf £20%, 250v
Cap, Ta, 22 uf £10%, 15v

Cap, Ta, 15 uf £10%, 20v

Cap, elect, 400 uf +50/-10%, 25v

Cap, elect, 400 uf +50/-10%, 25v

Cap, plate, 0.22 uf +20%, 230v

1702-194359
(845A.-401)

1507-190553
1507-190553
1507-190553
1507-161292
1501-105734

1502166330
1502-187765
1501-105734

1507-161992

1502-170266
1507-106054
1502-170266
1502-187773
1508-160259

1508-182782
1507-161992

1508-1828161

1508-153056
1502-168153
1502-1.68153
1507-194803

JF-30

| JF=-36
1C280AE/P100K]

. B‘I;}BOSOJKW7W

1702-194369

JF-36

BBE030EWTW

C43TARB1250
C43TAREZ50

C280AE/P100K

C426ARF10
C472M
C426ARF10’
C426A RE400
K10C20K

Type 901
C280AE/P100H
K22C15K
K15C20K
C437TARF400

C43TARF400
C280AE/P220K

3
REF
REF

3

2




DESCRIPTION

STOCK
NO

 MFR
PART NO

Cap, elect, 250 uf +50/-10%, 16v
Cap, elect, 150 uf +75/-10%, 15v
Diode, C.D. Type CD12599
. treated (not illustrated)
Diode, C.D. Type CD12599
© treated {not illustrated)

Diode, zener, 10v Type 1N961A
Diode, IRC Type 404
Diode, IRC Type 4D4
Diode, IRC Type 414
Diode, IRC,Type 4D4

Lamp, neon, NE-2U
{not illustrated)

Lamp, neon, NE-2U
{not illustrated)

Bead, Ferrite choke

Tstr, selected Transitron
Type 8T-1750T

Tstr, selected Transitron
Type ST-1750T

Tatr, Type 2N3391

Tstr, Type 2N3565
Tstr, Type ZN3565
Tstr, T.1. Type GA28TT
Tatr, Type 2N3391
Tstr, Type 2N3391

Tstr, Motorola Type MPS3638
Tstr, Motorola Type MPS3638
Tstr, Type ZN1304

Tstr, Type 2N1305

Tstr, T.1. Type GA2875

Tstr, T.I. Type GAZBT7

Res, car flm, matched set
(sheet 2 of 2) ,

Res, car flm, 900k £1/2%, 1/2w
(sheet 2 of 2)

Res, car flm, matched set
(gheet 2 of 2)
“Res, car flm, 10M +1/2%, 1w
(zheet 2 of 2)

- Res, car flm, matched set
{sheet 2 of 2) ‘
Res, car fim, matched set

(sheet 2 of 2)

Res, car flm, matched set
. (sheet 2 of 2)

Res, car flm, matched set
{sheet 2 of 2)

Res, car flim, matched set
(sheet 2 of 2)

Res, car flm, 300k +1%, 2w
(sheet 2 of 2)

Res, comp, 47k 5%, 1/4w

Res, comp, 100k 5%, 1/4w
Res, comp, 4700 +5%, 1/4w

1502-187765
1502-150282
4802-180885

4802-180885

4803-113324
4802180240
4802-180240
4802-180240
4802-180240

3902-162602
3902-162602

2503219535
4805-104456

4805196812

4805-168708

4805-177105
4805-177105
4805-182709
4805-168708
4805-168708

4805-169375
4805-169375
4805-117127
4805-190298
4805-182601

4805-182709

¥/

4703-107391

v

4703-107748

ATARTAY

4703-107425

4704-148163
4704-148189
4704-147283

C43TAREZ50
TE 1163
4802-180885

4802-180885

1N9614,

Type 4D4
Type 4D4
Type 4D4
Type 4D4

NE-2U
NE-2U

56-060-85-3B
4805-194456

43805-198812

2N3381

2N3565
2N3565
GAZETT
2N3391
2N3301

MEE3638
MPE3638
ZN1304
2N1305
GAZBTS

GA2877

DC1/2A

Type C30

CB4135
CE1045
CB4715




STOCK MFR

DESCRIPTION NO ~ PART NO

Res, ww, 108 1%, 1/2w

Res, comp, 1,2M £10%, 1/2w
(underneath cover) ‘

Res, comp, 680k =5%, L/4w
(underneath cover)

4707-193946
4704-108407 |

4707-198946
EB1251

4704-188433 CR6845

U-70
EB1061
ICB2255
CB4735
CB1005

4701-193086
4704-108142
4704-198390
4704-148163
4704-147868

“Res, var, comp, 5M +30%, 0. 2w
Res, comp, 10M £10%, 1/2w
Res, comp, 2, 2M +10%, 1/4w
Resz, comp 47k +5%, 1/4w
Res, comp, 109 5%, 1/4w

(underneath switch wafers)

4704-148171
4704-188458
4704-147884

CBea3s
CB8235
CB2205

Res, comp, 68k £5%, 1/4w
Res, comp, 82k +5%, 1/4w
Res, comp, 220 +5%, 1/4w -
(underneath switch wafers).
Res, comp, 680 £5%, 1/4w
(underneath switch wafers)

4704-147918 CB6805

Res, comp, 2200 +5%, 1/4w 4704-147959 CB2215
(underneath switch wafers)

Res, comp, 10k +5%, 1/4w

Res, comp, 100k +5%, 1/4w

Res, comp, 22k +5%, 1/4w

CE1035
CB1045
CB2235

4704-148106
4704-148189
4704-148130

CE 1045
CBlO15
CB3935
CB1035
CB1535

Res, comp, 100k £5%, 1/4w
Res, comp, 100Q +5%, 1/4w
Res, comp, 3% 5%, 1/4w
Res, comp, 10k £5%, 1/4w
Res, comp, 15k +£5%, 1/4w

4704-148189
| 4704-147926
4704-188466
4704 -148106
4704-148114

4704-148130
4705-187930
4705-187781

CB2235
Type CEC-TO
Type CEC-TO

Res, comp, 22k +5%, L/4w
Res, met flm, 1,07k £1%, 1/2w
Res, met flm, 3. 16k £1%, 1/2w
Res, met flm, matched set

Res,

Res,
Res,
Res,
Res,
Res,

Res,
Res,
Res,
Res,
Res,

Res,
Res,
Res,
Res,
Res,

met flm,

met flm,
met fim,
met flm,

matched set

matched set
matched set
matched set

comp, 150k 5%, 1/4w
comp, 150k +5%, 1/4w

comp, 150k +5%, 1/4w
comp, 100k +5%, 1/4w
comp, 15k +5%, 1/4w
comp, 22k +5%, 1/4w
comp, 3.9M £5%, 1/4w

comp, 68k 5%, 1/4w

var, ww, 2k +5%, 1-1/4w
met flm, 7.5k 1%, 1/2w

comp, 1k 5%, 1/4w
comp, 33k +5%, 1/2w

[

=
4704-182212
4704182212

4704-182312
4704-148189
4704-148114
4704-148130
4704-188417

4704-148171
4702-160705
4705-182161
4704-148073
4704-108761

CBR154%
CB154%

CB1545
CB1045
CRB1535
CB22356
CB3955

CEB835
Type 110
Type CEC-TO

[CB1025

EB 3335




DESCRIPTION

S5TOCK
NQ

MFR
PART NO

Res, comp, 22k +5%, 1/4w

Res, cotnp, 22k +5%, 1/4w

Res, met flm, 8250 1%, 1/2w
{nat illustrated)

Res, comp, 1k +3%, 1/4w

Res, comp, 1k +5%, 1/4w

Switch, rotary, 4p, 19 pos, 3 sect
{sheet 2 of 2)

Switch, section (not illustrated)

Switch, twist, spdt

FEhotocell assembly

Grommet, 3/8"
Grommet, 3/8"
Grommet, 3/8"
Grommet, 3/8"

Rod, optical
Rod, optical

4704-148130
4704-148130
4705-1565119

4704-148023

4704-148023
5105-194589

5107-194027
5105-194936

3700194449

2807-171876
2807-171876
2807-171876
2807-171876

3800-168047
3800-168047

CB2235
CB2235
MFIC-TO

CB1025

CB1025
5105-194589

Type FV
5105-194936

3700-19444%

2807-171876
2807-171876
2807171876
2807-171876

3800-168047
3800-188047

These regigtors are factory matched. If any replacement ig required, an entire set,
part number 4710-194415, must be ordered.

These resistors are factory matehed, If any replacement is required, an entire set,
part number 4710~-194423, must be ocrdered,




DESCRIPTION

MFR
PART NO

POWER SUPPLY P/C ASSEMBLY
Figure 5-5
Model 845A

Mode] 845AB

Cap, elect, 400 uf +50/-10%, 25v
Cap, plste, 1 uf x20%, 250v

Cap, elect, 400 uf +50/-10%, 4v
Diode, IRC Type 404

Diode, IRC Type 4D4

Diode, IRC Type 414

Diode, IRC Type 4D4

Diode, IRC Type 4D4 (845AB only)

Diode, IRC Type 4D4 (845AB only)

Diode, Type 1N961A (845A only)
(not illustrated)

Tsatr, T.I, Type GA281T .
- Tstr, T.1I, Type GA2817
. Tstr, T.%. Type GA2875
Tstr, T.1. Type GA28T5
Res, comp, 399 £10%, 2w
(845AB only)

Res, comp, 1500 +5%, 1w

Res, met flim, 9,53k +1%, 1/2w
(845AB only)

Res, var, ww, 2k £56%, 1-1/4w

Res, comp, 5.1k 5%, 1/2w

Res, comp, 5.1k +5%, 1/2w
Res, comp, 22k +5%, 1/4w
Res, comp, 22k +5%, 1/4w
Switch section (84%A only)
Switch section (B45AB only)

Transformer, power
Trangformer, drive
Transformer, isolation

1702-194407
(845A-402)

1702-194555
(845AB-402)
1502-168153
1507-190330
1502-187773
4802-180240

4802-180240

4802-180240
4802-180240
4802-180240
4802-180240
4803-113324

4805-132600
4805-182600
4805-182691
| 4805-182691

4704-144378

4704-178566
4705-159442

4702~-160705
4704-~109108

4704-109108
4704-148130
4704-148130
5107-194035
5107-194019

5600-192724
5600-192708
5600-1927186

1702-194407
1702-194555

C43TARF400
C280AE/P1M
C426ARE400
Type 404
Type 4D4

Type 44
Type 4D4
Type 404
Type 4D4

{INOG1A

GA 2817
GA2817
GAD28T5
GA2875
HB 3901

GB1515
Type CEC-TO

Type 110
ER5125

EB5125
CB2235
CE2235
iType F
Type FE

5600-192724
5600-192708
5600-192716
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Figure 5-5, POWER SUPPLY P/C ASSEMBLY




5-8, SERIAL NUMBER EFFECTIVITY

5-9. A Use Code column is provided to identiy cer-
tain parts that bave been added, deleted, or modified
during production of the Model 845, Each part for which
a use code has been assigned may be identifled with a
particular instrument serial number by consulting the
Uze Code Effectivity List below, All parts with no code
are used on all instruments with serial numbers above
123, New codes will be addad as required by instru-
ment changes,

USE
CODE EFFECTIVITY
A ‘Model 8454 and 845AB, serial number 123
to 1011.

B Model 845A and 845AB, aerial number
1012 and on.




APPENDIX A

FEDERAL SUPPLY CODE FOR MANUFACTURERS

A-1, CODE TO NAME name and address to which the code has been assigned,
The Federal Supply Code has been taken from Cataloging
Handbook H 4-2, Code to Name. Suppliers not listed in
the Pederal Supply Code for Manufacturers have been

assigned an alphabetical code by FLUKE.

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

Sage Electronics Corp.
Rochester, New York

Welwyn International, ‘Inc.
Cleveland, Ohio

Aerovex Corp.
New Bedford, Massachusetts

Allen-Bradley Company
Milwaukee, Wisconsin

Pacific Semiconductors Inc.
Lawndale, California

Texas Instruments, Inc.

Semiconductor Components Div,

Houston, Texas

Circle Mig. Co. Inc.
Little Falls, New Jersey

Nearborn Electronic Labs Inc,
Orlando, Florida

Cherry Electrical Products Corp.

Hightand Park, Illinois

Amphenol-Borg Elect, Corp.
Chicago, Illinois

Fenwal Laboratories Inc.
Framington, Massachusetis

Arco Capacitors, Ine,
Los Angeles, California

Bussinann Mig. Div. of
McGraw-Edison Co.
Los Angeles, California

Ohmite Mfg, Ca.
Los Angeles, California

Transitron Electronic Corp,
Wakefield, Massachusetts

Clairex Corp,
New York, New York

Muirhead Instruments, Inc.
Mountainside, New Jersey

Arrow Hart and Hegemen
Electronle Company
Hartford, Connecticut

Elmenco Products Company
New York, New York

Winchester Electronics Co.
New Milford, Connecticut

Telex-Aemeo Division
of Telex Corp.
Mankato, Minnesota

Kurz-Kasch, Inc,
Chicago, Illincis

Motorola Inc.

Semiconductor Products Division

Phoenix, Arizona

Tung-Sol Electric Inc.
Melrose Park, Illinois

Penn-East Engrg, Corp.
Kutztown, Pennsylvania

Union Carbide Corp. Linde
Division Kemet Dept.
Cleveland, Ohio

Sprague Electric Company
Cuiver City, California

Alac, Inc. :
Glendale, California

General Electric Company
Capacitor Department
Irmo, Scuth Carolina

Wward Leonard Electric Co.
Los Angeles, California

Amphenol Space and Misstle Sys

Chatsworth, California

Beede Electrical Inst, Co,
Penacook, New Hampshire

Nuclear Corporation of
America, Inc.

U. 8. Semcor Div.
Phoenix, Arizona

Gould National Batteries Ine.
La Puente, California

Corning Glass Works
Electronic Components Dept,
Bradiord, Pennsylvania

Fairchild Semiconductor
Div. of Fairchild Camera
and Instrument Corp.
Mountain View, California

Bircher Co., Inc.
Rochester, New York

Lerma Engineering Corp.
Northampton, Massachusetts

Continental Device Corp.
Hawthorne, California

Reliance Mica Corp.
Brooklyn, New York

Nylomatic Corp.
Morrisville, Pennsylvania

Skottle Electronics Ine.
Peckville, Pennsylvania

Chicago Teiephone of Calif Inc.
South Pasadena, California

Keystone Mig, Co.
Warren, Michigan

Diodes, Inc.
Chatsworth, Califernia

Philadelphia Handle Co.
Camden, New Jersey

International Resistance Co.
Control Components Division
Philadelphia, Pennsylvania

Hamlin Inc.
Lake Mills, Wisconsin

Ciarostat Mig. Co.
Dover, New Hampshire

Semtech Corp,
Newbury Park, California

California Resistor Corp.
Santa Monica, California

American Components Inc.
Conshchocken, Pennsylvania

Electro Cude Inc.
South Pasadena, California

Ameleo Inc,
Mountain View, California

Daven Division

Thomas A. Edison [nd.
McGraw Edison Co.
Livingston, New Jersey

Milwaukee Relays Inc.
Cedarburg, Wiscensin

Cambridge Scientific
Industries Inc.
Cambridge, Maryland

Circuit Structures Lab
Santa Ana, California

Siliconix Inc.
Sunnyvale, California

Continental Device Corp.
Hawthorne, California

Clevite Corp.
Transistor Division
Palo Alto, California

18701

24655

Mentronics, Inc.
Seattle, Washington

Electra Mig. Co.
Independence, Kansas

General Radie Co,
West Concord, Mass.

Heyman Mig. Co.
Kenilworth, New Jersey

General Electric Co.
Tube Dept.
Owenshore, Kentucky

P. R. Mallory and Ce. ; Ine.
Indtanapolis, Indiana

Honeywell Inc.
Precision Meter Division
Manchester, New Hampshire

National Company, Inc.
Malden, Massachusetts

Ohmite Mig. Co.
Skokie, Illinois

Radio Corp. of America
New York, New York

Sangamo Electric Co.
Springfield, Illinois

Simpson Electric Company
Chicago, Illinois

Sprague Electric Co.
North Adams, Mass.

Superior Electric Co.
Brisiol, Connecticut

Torrington Mfg, Co.
Torrington, Conneclicut

USHCO Mig. Co., Inc.
Buffalo, New York

Wesl Mig, Co.
San Frarcisco, California

Weston Instruments
Div. of Daysirom, Inc.
Newark, New Jersey

Winslow Tele-Tronics Inc.
Asbury Park, New Jersey

Amperite Ca.
Unign City, New Jersey

Belden Mfg, Co.
Chicago, Illinois




Bussman Manufacturing

Division of McGraw Edison Co.

St. Louis, Missouri

CT5 Corp.
Elkhart, Indiana

Cannon Electric Company
Los Angeles, California

Clare, C. P. and Company
Chicage, Illinois

Centralab Div. of Globe
Union, Inc.
Milwaukee, Wisconsin

Coto Coil Co., Inc.
Providence, Rhode Island

Chicago Miniature Lamp
Works
Chicago, Illinois

Cinch Mfg. Co. and
Howard B, Jones Div.
Chicago, Illinoig

Driver, Wilber B., Co.
Newark, New Jersey

Eitel-McCullough, Inc.
San Bruno, California

Electro Motive Mfg. Co.
Willimantic, Connecticut

Fast, John E. Co.
Div, of Victoreen Instr. Co.
Chicago, Illinois

Essex Electronies Inc.
Berkeley Heights, New Jersey

Dialight Corp.
Braoklyn, New York

Mallory Battery Company
Cleveland, Ohio

Erie Tech. Products Inc.
Erie, Penngylvania

Hetlipot Division of
Beckman Instruments Inc.
Fullerton, Califernia

Hughes Products Div. of
Hughes Aircraft Co.
Newport Beach, California

Amperex Elecironic Co.
Div, of North American
Philips Co., Inc.
Hicksville, New York

Carling Electric Inc.
Hartford, Conpecticut

Circle F Mfg. Co.
Trenton, New Jersey

JFD Electronics Corp.
Brooklyn, New York

Guardian Electric Mfg, Co.
Chicago, Illincis

Radio Switch Corp.

Piezo Crystal Company
Carlisle, Pennsylvania

Hoyt Elect. Instr. Works
Penacook, New Hampshire

Johnsen, E. F., Co,
Waseca, Minnesota

International Resistance Co.
Philadelphia, Pennsylvania

Litteliuse Inc.
Des Plaines, Iliinois

Oak Mfg. Co.
Crystal Lake, Illincis

American Machine

and Foundry Company
Potter & Brumfield Div.
Princeton, Indiana

Rubbercraft Corp, of
California Lid,
Torrance, California

Sigma Instruments, Inc.
South Braintree, Mass.

Wauldes Kohinoor Inc.
Long Island City, New York

Western Rubber Company
Goshen, Indiana

Mepeco Division of
Sessions Clock Co.
Morristown, New Jfersey

Bourns Laboratories, Inc.
Riverside, California

Hammarlund Company, Inc.
New York, New York

Stevens, Arnold Co,, Inc,
Boston, Massachusetts

Grayhill Company
La Grange, Illinots

Therm-0-Disc Inc,
Mansfield, Ohio

International Rectifier Corp
E! Segundo, California

Korry Mfg. Co.
Seattle, Washington

Astron Division
Renwell Industries Inc.
East Newark, New Jersey

Switchcraft Inc.
Chicago, Illinois

Roanwell Corp.
Brooklyn, New York

Rotron Mig. Co., Inc.
‘Woadstock, New York

Royal Electric Corp.
Pawtucket, Rhode Island

Varo Mig, Co., Ine,
Garland, Texas

Bendix Corp.
Red Bank Division
Red Bank, Eatontown,

Smith, Herman H., Inc.
Brooklyn, New York

Rubbercraft Corp, of Am.
New Haven, Connecticut

Good Ail Electric Mig. Co.
Ogallala, Nebraska

R.M.B. Carp.
Los Angeles, California

Cornell-Dubilier Elec. Corp.

Electro-Mechanical Div,
Fuquay Springs,
North Carolina

Essex Wire Corp.
R.B.M. Division
Detroit, Michigan

Fluke, John, Mig. Co., Inc.
Seattle, Washington

General Electric Company
Newark Lamp Works of
Lamp Division of Consumer
Products Group

GECO

Newark, New Jersey

Best Stamp and Mig. Co.
Kansas City, Missouri

Square D Company
Chicago, Illinois

Mallory Battery Compary
North Tarrytown, New York

Johanson Mig. Co,
Boonton, New Jersey

Superior Electric Company
Oak Park, Illinois

Elco Corp.
Willow Grove, Penn.

Gremar Mfg, Co., Inc.
Wakefield, Massachusetts

Industrial Devices, Inc,
Edgewater, New Jersey

Minneapolis Honeywell
Regulator Company
Micro Switch Division
Freeport, Illinois

Milter Electiric Co., Inc.
Pawtucket, Rhode Istand

Sylvania Electric Products Inc.
Semiconductor Produets Division

Woburn, Massachusetts

Raytheon Company

Semiconductor Division
California Street Plant
Newton, Massachusetts

Alco Electronics Mfg. Co.
Lawrence, Massachusetts

Lerco Electronics Inc.
Burbank, California

Radio Corp. of America
Comm, Receiving Tube &
Semiconductor Division
Cincinnati, Ohio

Dage Electric Co., Inc.
Franklin, Indiana

San Fernando Electric Mig. Co.

San Fernando, California

Thomson Industries, Inc.
New Hyde Park
Long Island, New York

8. 8. White Dental Mig. Co.
Plastics Division
New York, New York

CBS Electronics Div. of
Columbia Broadcasting
System, Inc.

Danvers, Massachusetls

Penta Laboratories, Inc.
Santa Barbara, California

Accurate Sales Company
Culver City, California

James Vibrapower Corp.
Chicago, Illinois

Semiconductor Division
of Clevite Corp.
Waltham, Massachusetts

Piastic Capacitors, Inc.
Chicago, Iliinois

Southern Electronics Corp.
Burbank, California

Marshall Industries
Electron Prod. Div.
Pasadens, California

Methode Mfg. Co.
Chicago, Illinois

Revised May 15, 1966

Marlboro, New Jersey New Jersey Using H4-2 Dated March 19863
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