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Sect_ion 1

Introduction & Specifications

ey

1-1.  INTRODUCTION

"1-2. The Model 335D Voltage Standard combines a de

voltage source and a dc voltage measurement capability in
one instrument. Precision dc voltages up to 1100 volis,
variable by way of the front panel readout dials, are pro-
vided at the OUTPUT terminals of the instrument. Measure-
ment capabilities from 10 microvolts to 1600 volts are
provided by a precision dc differential voltmeter. This
combination allows flexible use of the instrument as a volt-
age standard, a differential voltmeter, or as a null detector.

i-3. . Protection against possible equipment faitures or
operator errors, which might otherwise damage expensive
instruments, is incorporated. The VOLTAGE TRIP and
VERNIER controls provide a means of limiting the output
voltage within the range. Should the output voltage
exceed a preset limit, the OUTPUT terminals are de-
energized. A current limiting circuit limits the available
current to a level determined by the setting of the CUR-
RENT LIMIT control. Therefore, it is able to provide
currents up to, but not exceeding the level determined by
the setting of the CURRENT LIMIT control.

14, The inner chassis and circuitry are surrounded by
an isolation guard which is also isolated from the front
panel and the outside cover. When "properly connecied,
the guard bypasses any circulating ground currents which
otherwise may cause error. Remote sensing of the output
voltage is also used with the instrument to reduce errors
caused by voltage drop in external cables.

1-5. Most of the instrument circuitry is mounted on
modular plug-in cards. An extender card is provided as an
accessory to aid in the maintenance and adjustment of the
instrument.

1-6. SPECIFICATIONS
i-7.  Voltage Standard

OUTPUT VOLTAGE: 0to 1111.1110 VDC -
QUTPUT CURRENT: 0 to 50 milliamperes
VOLTAGE RANGES: 10, 100, and 1000V with
outputs as follows: :

0 to 11.111130 (1 uV steps)

Oto 111.11110(10uV steps)

Oto 1111.1110(100 uV steps)

RESOLUTION: 0.1 ppm of range (1 uV maxi-,
mum).

ACCURACY OF QUTPUT: (For 60 Days)
10V range - #(0.001% of setting +i0 uV)
100V range - #0.001% of setting +0.00002% of
range)
1000V range -(0.0015% of setting +0.00002%
of range)

NOTE: The above accuracies are absolute, relative
to NBS standards, and include effects of stability,
line regulation, load regulation, and calibration
uncertainties under standard reference conditions
of 23°C +1°C and up to 70% relative humidity.

1-1
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TEMPERATURE COEFFICIENT OF OUTPUT:
Less than £(0.0002% of setting +1 uV)/°C from
0°C to 50°C.

STABILITY OF QUTPUT: (At standard reference
conditions described under ACCURACY OF QUT.
PUT).

10V range
+(Sppm of setting +7uV) per month

100V and 1000V ranges
35 ppm of setting +30uV) per month

OVERCURRENT PROTECTION: Automatic cur-
rent limiting continuously adjustable from 1 to 60
ma with front panel control and indicator. Normal
operation restored upon removal of overload.

OVERVOLTAGE PROTECTION: Automatically
disconnects load if output voltage exceeds I to
1200V setting of front panel controls. Manual
reset,

RIPPLE AND NOISE (ali frequencies):
10V range - less than 20 uV rms
100V range - less than 30 uV rms
1000 range - less than 40 uV rms

SETTLING TIME: Typically, within 10 ppm of
final output, less than 20 seconds after u range
change. ’

OUTPUT RESISTANCE: . .
Less than 0.0005 ohms or (0.0001E,) ohms at dc.

REGULATION: 0.0002% of setting or 10 uV for
either a 10% line voltage change or a full load
change.

COMMON MODE REJECTION: Better than 125
db from dc to 400 Hg, up to 700V rms or 1000
vDC.

ISOLATION: Either output terminal may be float-
ed up to 1006 VDC from chassis ground.

REMOTE SENSING: Separate terminals are pro-
vided to sense the output voltage directly at the
load, reducing errors caused by voltage drop in
connecting wires between the output and the load.

1-2

1-8.

18.

1-10.

Differential Voltrmeter

ABSOLUTE ACCURACY: Same as output

TEMP. COEF. OF ACCURACY: characteristics

INPUT RANGES: under

STABILITY: Voltage Stand-
ard,

NULL SENSITIVITIES: 1000V to 10 uV (full-
scale) in 9 decade ranges. Any null sensitivity may
be used on any voltage range.

INPUT RESISTANCE:
Infinite at null from 0 to 1111.1110 VDC.

METER AND DIAL RESOLUTION: 0.1 ppm of
range.

Conventional Voltmeter

ACCURACY: £3% of range

RANGES:  Voltage Range  Input Resistance:
1600-0-1000 100 Megohms
100-0-100 100 Megohms
10-0-10 100 Megohms
1-0-1 100 Megohms
0.1-0-0.1 10 Megohms
0.01-0-0.0 10 Megohms
0.001-0-0.001 I Megohm
0.00601-0-0.0001 1 Megohm
0.00001-0-0.00001 1 Megohm

General
DESIGN:  Solid-state throughout (no tubes).

STABILITY OF METER ZERO:

On most sensitive range (10 uV full-scale):

- 0.5 uV peak-to-peak noise.

0.5 uV peak-to-peak stability for 10% line
voltage variation.

RECORDER/ISOLATION AMPLIFIER OUTPUT:
Adjustable from 0O to over 1.0V for end-scale
meter deflection; source resistance 5 to 8 kilohms;
linearity better than £0.5% of end-scale. Gain as
an isolation amplifier is 1.0V/null range sensitivity.
Recorder output may be grounded or floating up
to 100 VDC.
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TEMPERATURE: 0°C to +50°C, operating; —40°
C to +65°C, non-operating,

HUMIDITY: 0 to 70% relative humidity.
SHOCK AND VIBRATION: Meets all require-

ments of MIL-T-945A, rigidly mounted or ruck-
mounted with slides.

ALTITUDE: 10,000 ft. operating, 50,000 ft.
non-operating.

_FUNGUS NUTRIENTS; MERCURIC COMPO-

NENTS: None.
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FUSES: One powerdine fuse; one high-voltage
fuse.

INPUT POWER: 115/230 VAC £10%, 50-60 Hz,
single phase, approximately 130 VA fully loaded.

MOUNTING: Standard EIA relay rack (tapped for
attachment of slides); resilient feet for bench use.

SIZE: 7" high by 197 wide by 8" behind
panel.

WEIGHT: Approximately 50 ibs.
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Figure 1-1. OUTLINE DRAWING{Sheet 1 of 2)
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Section 2

Operating Instructions

2-1.  INTRODUCTION

2-2.  This section consists of information about oper~
ating and applying the instrement. Prior to initial in-
strument operation, you may become familiar with the
functions of the instrument controls by reading the in-
formation contained in paragraph 2-4, "CONTROLS,
TERMINALS, AND INDICATORS". Prior to instru-
ment application, a few optional contral adjustments
and terminal connections, that enhance the instruments
performance and safety to external equipment, should
be considered. Paragraph 2-8, "PRELIMINARY OPER-
ATION", describes these adjustments and connections,
Instructions for operating and applying the Model 335D
as either a voltage standard,high impedance voltmeter or
null detector, or differential voltmeter are described
in paragraphs 2-22, 2-24, and 2-26, respectively.

2-3.  If any problem is encountered in operation of the
instrument, contact your nearest John Fluke Sales Rep-~
resentative or write directly to the John Fluke Manu-
facturing Company with a statement of the problem.
Please include the serial number of the instrument in
such correspondence.

24. CONTROLS, TERMINALS AND
- INDICATORS

2-5. The name and function of the front and rear panel
controls, terminals, and indicators are illustrated and
described in Figure 2-1. The numbers at the tails of
the arrow caliouts correspond to the reference numbers

in the chart immediately following the photographs.
2-6. }NPU’T POWER

2-1.  The power transformer of the instrument has
dual primary windings, Normally, these primary wind-

" ings are connected in parallel for 115 volt operation.

Upon request, the primary windings are connected in
series at the factory for 230 volt operation. Should
it become desirable to convert the instrument from one
type of power line operation to the other, refer to sec~
tion 4-19,

2-8. PRELIMINARY OPERATION °
2-:9.  General

2-10. Before operating the instrument as a voltage
source or voltmeter, some preliminary settings and
connections should be considered. Whether to use
these settings and connections, or not, depends upon
the degree of equipment safety and accuracy required,
The following five paragraphs discuss the merits and
procedures for each of the settings and connections.

2-11. Trip Setting

2-12. The TRIP switch and VERNIER control provide
protection to external equipment by limiting the maxi-
mum allowabie output voltage to the external load. The
range of voltage limiting is selected with the TRIP
switch. Refinement of the value of the voltage to be
limited is accomplished with the VERNIER control. If

2-1
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'

REF,
NO,

NAME FUNCTION

INPUT terminals The HI, LO, and + (power line ground} terminals provide a con-

venient means of connecting a de voltage source to the voltmeter

input.
@ NULIL ZERO switch and Placing the NULL ZERO switch in the ZERO position, the ADJUST
ADJUST control control may je varied to electrically zero the meter. Optimum

meter electrical zero is accomplished in the 10 microvolt position
of the SENSITIVITY switch (5). After adjustment of the electrical
zero the NULL ZERO switch should be returned to the OPR position.

POWER switch Applies line power to the auxiliary power supplies within the instru-
ment, when in the STDBY/RESET position. The instrument is com-
pletely energized when the POWER switch is in the OPR pogition
and the red indicator lamp near the swiilch is illuminated.

2-2

Figure 2-1 CONTROLS, TERMINALS, AND INDICATORS {Sheat 1 of 3}
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REF,
NO,

NAME

FUNCTION

INPUT MODE switch

Allows selection of either Differential Voltmeter operation, in
DIFF- or DIFF+, or Null Detector operation, in TVM (Transistor
VoltMeter).

SENSITIVITY switch

Provides selection of 10 microvolts through 1 kilovolt full scale
input ranges for Null Detector operation. Also, selects 10 micro-
volts through 1 kilovolt null sensitivity ranges for Differential Volt-
meter operation. The "I and "V" positions allow monitoring of the
current and voltage output of the Voltage Standard portion of the
instrument.

RANGE switch

Allows selection of one of three ranges (10, 100 and 1000 volts) for
use in either Voltage Standard or Differential Voltmeter operatlon
of the instrument.

O]

TRIP switch and
VERNIER control

The TRIP switch provides a means of limiting the output voltage in
three ranges (10, 100, and 1000 volts) independent of the RANGE
switch, The VERNIER control varies the amount of Hmiting within
the ranges of the TRIP switch, When an over-voltage condition
exists, the red indicator lamp near the TRIP switch will #lluminate
and the red lamp near the POWER switch will be extinguished,

®

CURRENT LIMIT control

Provides a2 means of setting a limit on the magnitude of the output
current within a range to 0 to 60 milliamperes. An over-current
condition is signified when the indicator lamp, near the CURRENT
LDMIT control, illuminates.

VM AC COMMON terminal

Provides optimum common mode rejection when connected to the
GUARD terminal {13} for Voltage Standard operation. Provides
minifnum common mode voltage at the INPUT terminals (1), when
connected to the + terminal (10) for voltmeter operation,

Power line ground.

SENSE terminals

Allows the regulating circuitry within the Model 335D to be connected
directly to the QUTPUT terminals (12) or to the load for optimum
regulation.

QUTPUT terminals

Provides a convenient means of connecting the Joad to the cutput of
the Model 335D,

® G O’ ©

GUARD terminal

Provides a means of eliminating circulating ground currents through
the load, when properly connected.

®

Readout Dials

Used to select the desired output voltage from the Voitage Standard
portion of the instrument, Also, indicates the value of an unknown
voltage when used in conjunction with the Differential Voltmeter
portion of the instrument., When a dial is set to "X"(10), it repre~
sents 0 with a 1 carry-over to the digit to the immediate left, For
exampie: 10, XX X X X X represents 11. 111110 volts.

®

Decimal Lamps

These lamps indicate the proper decimal point setting when illumi-
nated and are controlled by the RANGE switch.

®

Meter

Indicates the full value of a voltage applied to the INPUT terminais
{1) when the INPUT MODE switch {4} is in the TVM position, When
the INPUT MODE switch is in the DIFF+ or DIFF- posztions the
meter indicates the difference between an unknown voltage at the
INPUT terminals and the voltage indicated on the Readout Dials.
The meter provides an  indication of the output voliage when

Figure 2-1, CONTROLS, TERMINALS, AND INDICATORS (Sheet 2 of 3}
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NAME

FUNCTION

®

(con't)

Meter

the SENSITIVITY (5) switch is in the '"V" position. Aa indication of
the output current may be determined from the red meter scale when
the SENSITIVITY switch is in the "I" position.

Mechanical Zero adjust

Provides a means of setting the meter mechanical zers, Adjustment
should be made after the instrument has been completely de-energized
for at least 3 minutes.

® 6

RECORDER QUTPUT
terminals

Terminals provided for the connection of a recording instrument,
The {black) terminal is connected to power line ground,

®

RECORDER OUTPUT
ADJUST control

Allows adjustment of the Model 335A/335D recorder output level from
0@ to 1 volt, for an end scale deflection of the front-panel meter.

®

Fuse, line

A 3 ampere slow-blow fuse for 115 volt power line operation. Use a

1-1/2 ampere slow-blow fuse for instruments converted to 230 volt
power line operation.

®

Fuse, high voltage

A 1/4 ampere slow-blow fuse electrically located at the output of the
high voltage rectifier circuit,

Figure 2-1. CONTROLS, TERMINALS, AND INDICATORS {Sheet 3 of 3)

no degree of limiting is required within the ranges of
the instrument, set the TRIP switch to 1000 and the
VERNIER fully clockwise. Should some degree of limit-
ing be desirable, proceed as follows:

a. Without the load connected to the OUTPUT terminals
and the POWER switch in the STDBY/RESET posi-
tion, set the front-panel controls as follows:

RANGE As desired

TRIP To the lowest range that
overlaps the desired trip
voltage

VERNIER Fully cw

CURRENT LIMIT Ag desired

INPUT MODE TVM

SENSITIVITY v

Readout Dials Desired trip voltage

b. Set the POWER switch {rom the STDBY/RESET
position to OPR. ‘

¢. Slowly rotate the VERNIER control counter-clock-
wise until the indicator lamp near the TRIP switch
illuminates and the red lamp near the POWER
switch is extinguished. The voltage trip is now set
to the value indicated on the readout dials and the
instrument is tripped to the STDBY mode.

d. To reset the instrument, set the readoul dialstoa
value less than the trip voltage and place the
POWER switch in the STDBY/RESET position, then
to OPR.

2-13. Current Limit Setting

2-14. The CURRENT LIMIT control provides & means
of limiting the amount of vutput current, I no limifing

24

within the current range of the instrument is desirable,
set the CURRENT LIMIT control to the fully clockwise
position (60). Should some degree of current limiting
be desirable, proceed as follows:

a. With the POWER switch in the STDBY/RESET posi-
tion, set the front panel controls as foliows:

RANGE As desired
TRIP and VERNIER As desired
CURRENT LIMIT Fully clockwise
INPUT MODE TVM
SENSITIVITY I

Readout Dials 1 volt

b. Place a short across the OUT PUT terminals.

¢. Set the POWER switch to the OPR position.

d. Adjust the CURRENT LIMIT control until the cur-
rent indicated on the meter is the value of the de-
sired limiting current.

e. Place the POWER switch in the STDBY/RESET,
position. Remove the short. Current limiting is
now set to the desired vaiue for any output voltage.

215 VM AC Common Connections

2-16. For optimum common mode rejection, connect
the VM AC COMMON terminal to either the GUARD or
ground terminal with the shorting link provided. The decal
on the rear of the instrument case shown in Figure 2-1
ilustrates the proper connections depending upon whether

the instrument is operated as a voltage source or as a volt.
meier.

Z2-17. Sense Connections

2-18.  When a loud s connected, there may be an
appreciabiec voltage drop between the insirument and



the foad due to the length and gauge of the connucting wire
leuds. The nomograph, in Figure2-2 can be used to deter-
mine the approximate voltage across the connecting wire
leads.

2-19.  Using the nomograph of Figure A+ lay a straight
edge from the value of the output current, represented on
scale 1, to the gauge of the connecting wires uscd, repre-
sented on scale 2. The voltage across the connecting wires,
expressed in millivolts per foot, is obtained from scale 3.
To determine the total voltage across the connecting wires,
multiply the total length in feet by the value obtained from
scale 3. For example. assume that two AWG #28 wires,
cach 3 feet long, are used to conaect a load, requiring 50
milliamperes, to the instrument. With a straight edge,
connect the known current on scale 1 {(5Q ma) and the wire
size on scale 2 {(#28). The resulting [R drop on scale 3 s
approximately 3.2 millivolts per fooi. Therefore, the con-
necting wires develop a fotal voltage of 9.2 millivolts {2 x
3ft x 3.2 mv/ft = 19.2 mv), which is several times the pub-
lished load regulation of the instrument at 1000 volts out-
put. To compensate for this, the instrument is equipped
with remote seasing, which maintains regulation at the
toad. Consequently, the foltage across the connecting wires
will have no effect, Determine if the wirc leads, used to
connect the instrument to the load, will cause & voltage
drop in excess of the load regulation specifications. ¥ this
voltage drop is excessive, remote sensing should be used.
To prepare the instrument for jrmote sensing, proceed as
follows:

a. With the POWER switch set to OFF, or to STDBY/
RESET, remove the front-panel shorting links be-
tween the SENSE and OUTPUT terminals.

b. Using a twisted pair of insulated wires, connect
the + SENSE terminal to the positive side of the
load, and connect the - SENSE terminal to the neg-
ative side of the load.

CAUTION.

Insure that the SENSE terminals are con-
nected to the load in the proper polarity,
Incorrect connections will result in loss
of regulation and possible damage to the
instrument.

2-20. Guard Connection

2-21. When the instrument is connected to another in-
strument (both instruments grounded through their res-
pective power cords), a potential difference may exist
between the power line grounds of these two instruments.
This potential difference can cause circulating ground
currents, which could cause errors inthe output voltage.
To prevent these errors from occuring, the instrument
is equipped with a guard., This guard, when properly
connected to the load, will provide a separate path for

" the circulating ground currents; thus eliminating pos-

sible errors in the output voeltage. ¥For proper con-
nection, connect the GUARD terminal directly to the
grounded side of the load, at the load. Figure 2»3
illustrates the correct GUARD terminal connection and
the rerouted circulated ‘ground current path.
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2-22. OPERATION ASAVGOLTAGE STANDARD

2-23. OQOperate the instrument in accordance with fol-
lowing procedure:

a. Set the voltmeter controls as follows:

NULL ZERO OPR
INPUT MCDE TVM
SENSITIVITY Vv

b. Set the POWER switch in the STDBY/RESET posi-
tion. Allow at least a 10 minute warm-up period, -
if the instrument has just been energized.

c. Connect the SENSE terminals to the QUTPUT ter-
minals with the ghorting links provided.

d. Set the CURRENT LIMIT control fully clockwise
{60) or to a predetermined value, using the pro-
cedure of paragraph 2-13.

e, Set the RANGE switch to the desired cutput voltage
range {10, 100, or 1000},

f.  Bet the voltage TRIP and VERNIER controls fully
clockwise or to a predetermined value, using the
procedure of paragraph 2-11.

g. Set the readout dials to the value of the output volt-
age desired.

h. Connect the VM AC COMMON terminal to the
GUARD terminal with the shorting link provided,
If desired, connect the GUARD terminal to the
grounded side of the load in accordance with para-
graph 2-20. The SENSE terminals may remain
connected to the OUTPUT terminals. Should remote
sensing be desired, connect the SENSE terminals
to the load in accordance with paragraph 2-17.

i,  Connect the load to the OUT PUT terminals.
j. Set the POWER switch to the OPR position,

k. The output voltage provided to the lcad will be the
voltage indicated on the readout dials. Should it
be desirable to monitor the output voltage or cur-
rent, place the SENSITIVITY switch in either the
V (voltage) or I (current) position,

2-24. OPERATION AS A HIGH IMPEDANCE
VOLTMETER OR NULL DETECTOR

2-25. Use the following procedure for operating the
instrimment as a high impedance voltimeter.  Since it
incorporates 4 center-seale 2ero meter, the instrument
may also be used as a null detector. In this applica-
tion, the following procedure also applies.

a. Set the VOLTAGE STANDARD controls as follows:

RANGE 10
TRIP. 10
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- from guard to instrument case.
Ec = Potentici difference between power
line ground points,
Figure 223 GUARD CONNECTION

VERNIER Fully clockwise adjusted. Set the NULL ZERO switch to the ZERO

CURRENT LIMIT
Readout Dials

Fully clockwise
All zero

Set the NULL DETECTOR controls as {ollows:

NULL ZERO OPR
INPUT MODE TVM
SENSITIVITY 1 KV

Connect the VM AC COMMON to the ground ter-
minal with the shorting link provided.

Set the POWER switeh to the STDBY/RESET posi-
tion. ‘

Connect the voitage source to the INPUT terminals
of the Model 335,

Set the SENSITIVITY switch to the highest sensi-
tivity range that will allow ar on-scale deflection.
As indicated on the meter, a deflection to the left of
zero represents a negative input voltage; whereas a
deflection to the right of zero represents a positive
input volitage,

When using the higher sensitivity ranges (I mv,
100 uv, or 10 uv), the electrical zero should be

position and the SENSITIVITY switch to the 10 uv

position, Rotate the ADJUST control until the

meter indicates zere. After the adjustment has

been completed, return the SENSITIVITY switch

to its original position; then set the NULL 2ZERO
. switch to the OPR position.

2-26. OPERATION ASADIFFERENTIAL
VOLTMETER
2-27. To uperate the insirument as a differenlial volt-

meter, proceed as follows:

&.

Set the {ront-panel controls as follows;

POWER STDBY/RESET
NULL ZERO OPR

INPUT MODE TVM
SENSITIVITY 1 KV

RANGE As desired
TRIP 1600

VERNIER Fully clockwise

CURRENT LIMIT
Readout Dials

Fully clockwise (80)
All zero
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e,

g.

Connect the VM AC COMMON terminal to the ground

terminal with the shorting link provided.
Set the POWER switch.to the OPR position,

Connect the external voltage source to the INPUT
terminals.

Use the ingtrument as a high impedance voltmeter
to determine the approximate value of the unknown
input voltage. Adjust the RANGE switch and Read-
out Dials, such that this value is indicated on the
front-panel readout.

If the front-panel meter indicates to the right (+)
side of zero, set the INPUT MODE switch to DEFF+.
I the front-panel meter indicates to the left (-~} side
of zero, set the INPUT MODE switch to DIFF -,

Adjust the readout dials {or a null {zero) indication
on the front-panel meter, Set the SENSITIVITY
switch to successively more sensitive positions
while adjusting the Readout Dials for a null indica-
tion on the front-panel meter at each setting.

Check and adjust, if necessary, the meter electrical
zero in accordance with paragraph 2-25, step g. If
an electrical zerg adjustment was necessary, re-
adjust the Readout Dials for 2 null indication on the
front-panel meter.

The value of the voltage indicated on the front panel

readout is that of the external voltage source,

2-28. OPERATION WITH A RECORDER

2-29. To usethe instrument with a recorder {or measg~
uring & voltage or voltage excursions, proceed as fol-
lows:

2.

2.8

Set the front-panel controls as foliows:

POWER ‘STDBY/RESET

NULL ZERO OPR

INPUT MODE DIFF+
SENSITIVITY 1

RANGE 10

Readout Dials 1.000000
TRIP 1000

VERNIER Fully clockwise

CURRENT LIMIT Fully clockwise (60)
Terminal _See Figure 2-2 (b)
Connections

Connect the recorder to the RECORDER OUTPUT
terminals gt the rear panel. The recorder outputs may
be floated up to 100 volts de above ground,

Short the HI and LO INPUT terminals.

Set the POWER switch to the OPR position.

The front-panel meter should indicate full scale
to the left of zero (-1). This full-scale deflection
will allow up to 1 volt at the RECORDER OUTPUT
terminals, depending upon the setting of the RE-
CORDER OUTPUT ADJUST control,

Adjust the RECORDER QUT PUT ADJUST contral
to provide the desired recorder deflection for the
full scale front-panel meter deflection.

Set the INPUT MODE switch to the TVM position
and remove the short from the INPUT terminals,

Set the SENSITIVITY switch to the 1000 volt posi-
tion. .

Connect the voltage source to be measured to the
INPUT terminals and operate the instrument as
either a differential voltmeter {(paragraph 2-26) or
high impedance voltmeter (paragraph 2-24).
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Section 3

Theory of Operation

3-1. INTRODUCTION

3-2. The Model 335D unites a precision voltage standard
and high impedance voltmeter-nul! detector in one chassis.
In addition w0 using the volimeter-nub detector and volt-
age standard separately, they must be combined te func-
tion as a differential voltmeter. How it accomplishes these
functions wili be described sn thes secton. Use the textin
conjunction with the functional schematic diagrams at the
end of this manual, Paragraphs 3.3 and 340 describe the
voltage standard and voltmeter functions, respectively.

3-3.  VOLTAGE STANDARD FUNCTION

3-4. General

3-5. The voltage standard portion is a series reauiated
power supply basically consisting of the voltage control
cireuitry, presegulation circuitry, and protection cirguitry,
The voltage control circuits are the main regulation circuts
and respond 1o load. RANGE, and readout dist chanpes,
Figure 3.1 illustrates a simplified schemutic diagiam ot
the voltag. control circuitry. Bath the error amplifier und
series pass ' onent. dlustrated in the shaded portion.
constitite do operational amplifier,  The wendency
of the operational wnpiifier s 1w maintan the aunmmg
point effectively at + SENSE potential. i this condition
e outpur valliggre of the voltape standard s cgoad o0 e
fuio of the sample sinng vesistunee (Rgp a1 o
the range resistunce (Rp awep) tmes the referense voit
age (EREFERI{N(’E)' as dlustrated i Biware Vs The

constant seference vollape (EREFERENCE)‘ in combina-
tion with the appropriate senes resistance (RRANGE)’
provides a constant current to the sample string. Due to
the constant current, the output is proportional to the
resisisnce of the sampie string (Rppapoyt)- Since the
tendency of the operational amplifier is to maintin the
summing point at + SENSE potential, the output voltage is
cqual to the sample string voltage. Changing the setting of
the readout dials (sample siring) causes the output voltage
to change correspondingly.  Each change in the RANGE
switch setting causes the. constant current to change by a
factor of 101 thus the output veltage changes by the same
factor, A detailed block diagram is illustrated in the
Functional Block Disgram {335A-1500), following Section
5. o this diagram, the chopper amplifier, differential am-
plifier, and series pass driver constitute the err e amplifier
of Figuse 341,

30, Series regotated power supplies have the inherent
disadvantage of low efficiency. When providing a low
fevel output, the series pass clement of the supply must
dissipste the bulk of the power supplied by the high volt-
age transformer circuit, A unijunction oscillator circuit
monitors the voltage 2cross the series pass element and
provides voltage level information to a pre-regulation
cireuit.  The presreguletion cireeit witlizes thus mforma.
ton e provide full-wave phase control of the input
line woltage to the primary of the high voltuge trans-
toimer. Thae the power supplied by the fugh voltage
trunsformer 45 conaolled to provide only thut amount:
necessary for the Joad requirements. This in turm incivases

3-1
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the overall efficiency of the mstrument, This also accounts
for symbolizing the unregulated de voltage, in Figuse 3-1,
as a variable de voltage.

3-7.
as externd equipment, is confained in the instrument,
The
energize the high voltage circuits within the instrument
for personal safety. A limit may be set for the output
voltage and/or current.
or current tries {0 exceed the set limits, the instrumemt
output is de-energized. Therefore, sensitive external equip-
ment{ can be protected from excessive voltage and current.

Circuitry for protection of personnel as well

instrument  contains an interlock  system to de-

Whenever the output voltage

3-8. Voltage Control Circuitry.

39. REFERENCE CIRCUITS. The basic reference
voitage for the instrument is supplied by zencr diode
CR1402. This diode is located in a proportionally con-
trofled oven on the Reference P/C ASAT Assembly,
{332B/AF-1083). . Current through the reference zener
diode is maintained constant current source consisting of
Qi401, CR1401, R1403, and R1. These components,
except for R1, are also contained in the oven assembly for
environmental stability.

3-10. A constan{ temperature is maintained in the
proportionally controlled oven by the temperature regu-

fating cireuitry, Tocated on the Reference Supply P/C
Asscmbly (ASAT). The temperature regplator cireuitry
consists of a differential arplifier (Q3 and Q4), a Darlington
amplifier (Q1 and Q2), und associated circuitry. One input
to the differentiat amplifier, the hase of Q3, is connected to
common,  Consequently, the cutput current from the
colfector of Q3 is proportional to the current into the base
of Q4. The emperature cocfficient of R1402 is negative,
Therelore as temperature decreases, the current into the
base of Q4 increases, which increases the base drive of Q2.
The increased current into the base of Q2 increases the cons
duction of both Q2 and QJ, which increases the current
through the heater (R1401).  Because of the Darlington
configuration of Q1 and Q2. a small change in current
mto the base ol Q2 results in a significant change in
‘current through R14016: thus providing close regulation .
ot the oven temperature.

3-11. The constant output voltage from the reference
sener diode s applied to the Ruange Culibration P/C
Assemibly (332B/AF-1052). This assembly provides three
output ranges. The zener reference diode provides a con-
stant voltage of approxinutely 6.3 volts. This vo!%agc' is
reduced by RI, calibration adjustment R2, and R3 10 6.02
volts.  Resistors R9 and R10 provide a 1 millismpere cur-
rent for the 1000 volt range. Resistors R7 and RS provide
@ 0.1 milliampere current for the (00 volt range. Resistors
R4, RS, and Ro provide & 0.01 milliampere current for the

R

READCGUT (sampie string)

- SENSE

— QUTPUT

UNREGULATED DC

R ANGE SERIES
.\7& g RREaDOUT \g
T—o uT- | = REFERENCE
RRaANGE
POINT
I iy o
Erererence
+QUTPUT
+SENSE
Figure 3-1. VOLTAGE CONTROL CIRCUITRY
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10 volt range. One of the three constant currents is select-
ed and supplied to the sample string, depending upon the
position of the RANGE switch.

3-12.  The Sample String P/C A2 Assembly is a resistance
string whose value is controtiable by the fron t~pane§ readout
dials. The resistance of the sample string is such that the
constant current through it develops a voltage cqual to the
value set on the readout dials.

3-13. CHOPPER AMPLIFIER. The voltage at the
summing junction is applied through pin 3 to the junction
of Rl and R4 on the Differential Amplifier ASA3 P/C
Assembly (335A-1057). One path is provided for dc changes
through R] and pin 6 to the input of the Chapper
Amplifier {A5A4) P/C Assembly, (333A-1004). The other
path is for ac changes through the differential amplifier
circuitry to be described later. The chopper amplifier
compares the summing point voltage to the + sense voltage
and provides an amplified dc error signal proportional to
the difference. The + sense voltage is applied through a
divider network, consisting of R7 through R12 located on
the Reference Supply AS5A1 P/C Assembly (332B/AF-
1083), at pin 5. This network provides an internally ad-
justable dc bias to the chopper amplifier for compensation
of offset voltages, when the instrument is set to zero input.

3-t4.  CHOPPER AMPLIFIER. The A5SA4 Chopper
Amplifier (333A-1004) compares low frequency and dc
control signals from the A2 Sample String output to the +
SENSE terminal voltage and amplifies any difference. The
circuitry consists of an input filter, s MOSFET chopper, an
operational amplifier, a synchronous demedulator, an out-
put filter, and a multivibrator.

3-15. Lowfrequency and de consrol signals at terminal 6
are passed through the input filter C2, R, and C3 to reject
frequencies above 30 Hz. The MOSFET chopper Q1 modu-
lates the signal appearing at the junction of its drain and
R2. C4 couples the resultant to the gate of JFET Q2. The
output signal at the drain of Q2 is then amplificd by the
operational amplifier 101, which has & pain of approx-
imately 420. The paraphase amplifier Q3 amplifies the
output of 1C1 and provides two equal amplitude, but
180° out-of-phase signals. The collector signal of Q3 is
coupled by C16 to the shunt demodulator Q4. The result
ing demodulated signal appearing at the junction of CI7
and R24 is filtered by R24, R26 and C18, leaving only the
amplified dc and low frequency signuls.  The emitier
signal of Q3 is applied through Ct4, R2{, C15, R25,R23,
and €22 to C18, where it is used to cancel any chopper
ripple at 270 Hz.
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3-16.  The 270 Hz multivibrator is formed by Q6, Q7
and associated timing networks, in addition to a driver Q5.
Vasiable resistor R43 adjusts the level of the signal applied
to the driver 5, and subsequently the output signal applied
to the gate of Q1. The collector signal of Q5 is applied to
the drain of QI to compensate for spikes coupled between
the gate and drain. Variable resistor R34 provides adjust-
ment of the compensation signal. An output signal at the
collector of Q7 is applied to the base of Q4, which syn-
chronously demodulates the Chopper Amplifier output,

3-17. DIFFERENTIAL AMPLIFIER. Error signals, in
the form of ac changes, are applied to the differential
amptifier through C1 to the.gate of Field Effect Tran-
sistor (FET) Q2. Error signals appearing as dc changes
are applied to the chopper amplifier at the base of Q6.
Using a separate path for ac changes allows rapid regu-
lation of the output voltage for rapid changes in load
requirements. The Differential Amplifier P/C Assembly
provides an output that is proportional to the amplified
de error signal from the Chopper Amplifier P/C Assembly.

3-18.  Use of a Field Effect Transistor for Q2 provides
high input impedance and low noise. Transistor Q8 is
a current source for onc stage of the differential ampli-
fier. Use of the current source provides high gain and
good conunon mode rejeclion at the input of the ampli-
fier. The compound configuration of Q4-Q35 and Q6-Q7
provides high input impedance and minimizes tempera-
ture effects. The output signal from the collector of Q9
is applied fo the base of the common collector ampli-
fier Q11. Transistor Q11 provides impedance matching
between the high output impedance of Q9 and the low
input impedance of the series pass driver circuit.

3-19.  SERIES PASS DRIVER. The Series Pass Driver
ASA2 PIC Assembly (335A-1056), accomplishes two func-
tions. One function is to de-energize the output in the case
of an overvoltage or overcurrent condition, which will be
deseribed lzter. The other function is 1o provide sufficient
drive current for error signals to the series pass element.
Transistors Q5, Q6, Q7 and associated circuitry constitute
the drver portion. Transistor Q7 is a common-base ampli-
fier which provides part of the voltage gain necessary for
control of the series pass element. Current gain is provided
by common collector amplifiers Q6 and Q5. The output
of Q5 is appiicd to the main series pass transistor Q8, on
the Series Pass Element ABA1 P/C Assembly, (332B/AF-
FO61).

3-20. SERIES PASS ELEMENT. The series connection
of transistors Qf threugh Q8 constitute the series pass

33
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clement.  This clement is located on the Scries Puss
ABAI P/C Assembly (332B/AF-1061). Transistors QI
through Q7 are normally saturated by the base valtuge
supplied by the 150 volt power supply.  Consequently,
the entire voltage drop required for regulation is across
Q8. Should the QUTPUT tenminals be shorted or should
the instrument be rapidiy down-ranged, the voltage across
Q8 may exceed 150 volts. Should this occur, trunsistors
Q1 through Q7 will come out of saturation to share the
voltage drop. The pre-regulator circuitey {paragraph 3-25),
sensing the increased voltage across Q8, decreases the un-
regulated supply voltage. As soon as the voltage across Q8
decreases below 150 volts, Q1 through Q7 become biased
to saturation and Q8 absorbs the entire regulution voliage.

3-21.  POWER SUPPLIES. Operating voltapes for the
temperature regulating circuit, zener reference circuit,
chopper wmplifier, and differential amplifier are provided
by the Auxiliary Power Supply ASAS P/C Assembly
(335A-1059). The auxiliary power supply consists of the 25
volt supply and ~15 supply circuits. The auxiliary supply
reference element is located in the 25 volt supply. The out-
put of the 25 volt supply is then used as the reference for
regulation of the 15 volt supply.

3-22. In the 25 volt supply, CRI through CR4, 02 R4,
and C3 provide unregutated de voltage fo the regulation
circuitry consisting of Q2 through Q6. Transistors Q5 and
Q6 constitute a differential mnplifier. The base of 06 is
held at a constant voltage by zener diode CRG. The hase
of Q5 is connected to a voltage divider, consisting of RS,
R9, and RI10, referenced (o the output of the supply.
Variations in the +25 volt output of the supply are sensed
at the base of Q5. Any difference between the base volt-
ages of Q5 and Q6 is amplified by the differential pair and
applied from the coltector of Q5 to the base of scrics pass
driver Q3. The amptiifier error signal controls the condue-
tion of Q3, which in turn controls the series pass clement
Q4. Transistor Q2 is u constant current source Lo supply
base drive {0 Q3. '

3-23. In the — 15 volt supply, CR7 through CR10. R 14,
and C8 provide the unregulated de voltage to the regu-
lating circuit consisting of series pass element Q7 and
differential pair Q8 and Q9. The base of Q9 is connected
to a voltage divider referenced to the +25 volt supply out
put. The base of Q8 is connected to the positive side of the
~15 volt supply. Variations in the output voltage are
sensed at the base of Q9. Any difference between the
base voltages of Q8 and Q9 is amplified by the differential
pair and applied from the colicctor of Q8 to the base of
series pass element Q7. The amplificd error signal conirols

»
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the conduction of Q7 and consequently the magnitude of
the vutput voltage. 15 vall
supply is connected 1o the mepative side of the +25 valt
supply through pins THand 12, The + sense line is conneet-
ed o tus junction and is the common for the auxiliary
power supply.

The positive side of the

324 The +£35 volt operating voltages for the serics
puss driver circuitry, on the Serics Pass Driver ASA2 PIC
Assembly, is provided by a power supply located on the
Current Limiter A5AG Assembly (335A-1060). In the
diode bridge configuration of CR1 through CR4, diodes
CRY and CR2, R1 and CI provide s positive unregulated de
voltage. Diodes CR3 and CR4, R4, und €4 provide negative
unregutated de voltage. The positive unregulated de voltage
is applicd to the repulating circuit of Q1 and CRS and
through a voltage divider to the RANGE switch, for appli-
cation to the appropriate decimal famp,  The 36 volt
reference voltage, established by CRS, provides the input
signdl for the cmitter follower configuration of Q1. This
emitter foltower configuration provides the nccessary low
output impedance and power gain of the power supply.
The - 35 volt supply functions i the same manner as the
+35 valt supply.

3-25. Pre-Reguiation Circuitry

320, OSCILLATOR.
sisting of Q9 and associated circuitry, is located on the
Serics Pass Element ABAL PIC Assembly (332B/AF-1061).
Applicd to buse 2 of Q9 is a 6.8V clipped, full-wave
rectified, 60 Hy sine wave. The potential a2t the emitter of
Q9 depends upon the charge of C4 and €5, The charge of
€5 depends upon the voltage across the main serics puass
element, Q8. At the tradling edge of each pulse at the base
2 of Q9, the oscillator provides a series of positive pulses
until the leading edge of the next +6.8 volt pulse occurs.
With an increused charge across €4 and €5, the mitial out
put pulse of the oscillator will occur carlier in each haif
cycle. The initial pulse from the oscillator during cach half
cycle will switch the preregulator off 1o control the amount

A unijunction oseillator, con-

of line power supplicd to the high voltage transformer. 1f
the series pass clement voltage of Q8 increases, (he pre-
regulator is switched off cardier in cach half cycle. This. in
turn, reduces the serics pass clement voltage of Q8 1o its
cquiitbrium value,

3-27.
circurt as taken from the 150 volt supply for the series
pass clement. A portion of the +150 volt supply is applicd
te the voltage divider consisting of R1 through R3. The
divided down voltage is regulated by zener dinde CRo 10
approximalely +6.8 volts.

The +6.8 volt uperating voltage for the oseiflator



3-28.  PRE-REGULATOR. The scrics of unfjunction
pulses are coupled across A8TH to the input of the pre-
regulator on the Pre-Regulator ABAZ P/C Assembly (332B/
AF-1082). At the beginning of each 60 Hz half cycle, Q5 is
turned on by the positive going +V voltage, through R17
and L2. Conduction of Q5 saturates Q4, Q2, and Q1 (pre-
regulator controb transistor). Conduction of Q1 allows
current to flow in the primary of the high voltage trans-
former. Sometime, during each half cycle, the initial
pulse from the unijunction oscillator will trigger the re-
generative pair (Q6 and Q7) into saturation. With Q6 and
Q7 conducting, Q5, 04, and Q1 turn off and remain of¥ as
(06 and Q7 are conducting. Transistors Q6 and Q7 remain
conducting until the end of each hat{ cycle. At this thne,
the current through them automatically drops below the
regenerative valve, due to the zero crossing of the full-wave
rectified 60 Hz sine wave voltage {-V) at the emitter of
Q7. Therefore, transistor Q1 is held off for the remainder
of the half cycle. This limits the amount of power to the
high voltage transformer and reduces the power dissipation
requiremcnts'for the serics pass element.

3-29.  Operating voltages for the pre-regulator circuitry
are provided by the diode bridge configuration of CR1
through CR4. Diodes CR2 and CR4 provide a negative full-
wave rectified voltage for —V. Diodes CR1 and CR3
provide a positive full-wave rectified voltage for +V. A
portion of the +V voltage is filtered by €4 and C5
to provide the +10 volt supply voltage. Diode CRS serves
to isolate the +V wvoltage from the filter capacitors.

3-30. Protection Circuitry

3-31.  TRIP. The purpose of the trip circuit is to re-
move ac power from the primary of the high voltage
transformer and open the negaiive output path, if an
overvoltage or catastrophic overcurrent condition exists.
The trip circuitry is Jocated on the Series Pass Driver ASA2
P/C Assembly (335A-1036). Transistor Q3 is a constant
cutrent source for relays A8K1 and ABA2K2. With
ABA2K2 {on the Pre-Regulator P/C Assembly) closed, cur-
rent is provided to ASA2ZK! which completes the primary
circuit for the high voitage transformer. With relay ASKI
(on the High Voltage Motherboard P/C Assembly) closed,
the negative output path is completed and power may be
supplied to the load. The current sensing resistor, R22, is
effectively connected through R24 to the base of normaily
off Q4. In the event of a catastrophic failure, in which the
current limiting circuitry would not function, an excessive
current approaching 120 milliamperes would develop suffi-
cient voltage across R22 to turn on Q4. Because of the
regenerative configuration, transistors Q4 and Q2 wouid
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become saturated. With Q2 saturated, the potential at
pin 10 becomes nearly the same as the positive buss
potential. This bypasses the current away from the relays,
which causes them to open. With the relays open, the
GUTPUT terminals are de-energized, the input power to the
high voltage transformer is interrupted, and the OPR indi-
cator lamp goes out. To reset the instrument, the POWER
switch is placed in the STDBY/RESET position; then to
the OPR position once the cause of the overload has been

corrected. With the POWER switch in the STDBY/RESET

position, the circuit common is connected through a section
of the POWER switch and pin 10 to the emitter of Q2.
This results in turning off both Q2 and Q4, and thus re-
turning them to their original state.

3:.32. The overvoltage trip element is Q1. The base of .
Qt is connected to RI5 and the appropriate resistor
selected by the TRIP switch. The voltage trip point is
selected by the VERNIER control (RS), which sets a refer-
ence bias on Q1 (maintaining QI cut off). As the output
voltage increases, the voltage at the base of Q1 increases .
negatively until it excecds the selected trip voltage and
causes Q1 to conduct. The conduction of Q1 saturates Q2
and resuits in de-energizing the instrument output terminais,
as previously described.

333, CURRENT LIMIT. The current limit circuitry,
located on the Current Limiter ASA6 P/C Assembly (335A-
1060), provides a means of varying the limiting point of the
output current. Current sensing resistor R22, on the Series
Pass Driver ASA2 P/C Agsembly, provides a voltage to the
current limiter circuit that is proportional to the output
current. This voltage is applied through pin 10 and CR12
fo the base of Q5. The emitter of Q5 is connected to the
wiper of the CURRENT LIMIT control (R6), which pro-
vides a variable bias for the base-emitter junction. Tran-
sistor Q5 is normally off.  However, when the output
current exceeds the set limit, Q3 tumns on. Conduction of
Q35 causes both Q4 and Q3 to conduct. Conduction of Q3
causes 1, on the Differential Amplifier P/C Assembly, 1o
conduct and bypass some of the sample string current.
This causes the output voltage to be reduced and conse-
quently the output current is reduced. The conduction of
Q3 also tums on the regenerative pair, Q6 and Q7, which
supply current to the red indicator famp.

3-34.  INTERLOCKS. The instrument is equipped with
an interfock circuit for personnel safety. When either the
top or boltom inner covers or printed circuit Assemblies
ABAZ, AB, ABAL L ASAI1, ASA3, ASA4, ASAS, or ASA6
are removed, the ground return for the ABK] and A8A2K2
relays is opened. This results in removal of the input power

3-5



335D

to the high voltage transformer (TH) and opens the negative
output side of the instrument.

3-35.  TIME DELAY. The purpose of the time delay
circuit, located on the Time Delay A7 P/C Asscmbly
(332A-1020), is to provide a short interval for the auxiliary
voltages o rise to nominal value. This insures that the
control amplifiers are operating before the high voltage is
available. The time delay circuit momentarily holds open
relays ABK1 and ABAZK?2, which prevents the closure of
ABAZKI. The time delay is approximately 3 seconds.
Diodes CR1 and CR2 provide a full-wave rectified voltape
from a secondary winding of the power transformer be-
tween pins 20 and 22. When the POWER switch is in the
STDBY/RESET position, a small current flows through
R2001, Sic, K2001, R2004, and C2001. This current,
although too small to actuate K 2001, chiarges C2001. Cap-
acitor C200§ charges until it reaches the firing point of
Q2001, approximatety 2 to 3 scconds. At this point A2001
conducts, increasing the current through K2001, The relay
actuates and closes contact K2001A {which provides the
current path when the POWER switch is in the OPR posi-
tion)and opens contact K2001B. When K2001B opens, the
grounding circuit is removed from the constant current
source supplying A8KT and ABAZ2K2, and these relays are
allowed to actuate.

3-36. Miscellaneous Circuitry

3.37. OUTPUT CIRCUIT CURRENT SOURCE. In
addition to’ the main high voltage bridge rectifier, CR1

through CR10 on the High Voltage Motherboard A PIC
Assembly (335A-1063), is another high voltage bridge (CR
13 through CR20). This bridge rectifier is in series with R27
and R28 and forus a quasiconstant current source,
connected it opposition to the vutput of the instrument.
This current flows through the series puss {ransistors and
acts as a minimum foad to insure that their transconduc tance
is held above o minimum value.  Another purpose of the
quasi-constant current source is o provide a quick discharge
path for the output capacitor C1, when downranging. This
helps to reduee the settling lime.

338 CAPACITOR SWITCHL. The capacitor switch ¢ir-
cuitry is located on the Capacitor Switch A3 P/C Assembly
(335A-1092). When downranging from 1000 volts, capac-
ttor C4 {on the chassis) will tend to charge to a voltage level
proportional to the difference between the charge on €S
and the parullel combination of the vutput capacitors C1
and C2. 11 this difference is too great, C4 will receive a
charge of sufficient magnitude (o cause  diclectric absorp-
tion problem; thus exeessive seitfing time will result. (Dn-
electric  absorbtion is  the tendency  of the diclectric
material of the capacitor 10 absorb and retain a small
charge).  To prevent this accurrence, €5 s discharged
through R7 (un A3} when the RANGE switch 5 down-
ranged from {000 volts to 10 to 100 volis, In doing so the
decay rate of C5 and the paralicl combination of C1 and
C2 wilt be cqual: thus C4 does not receive an over charge,
Alter €5 has discharged sufficiently (scveral seconds), the
KA contacts (on A3) close and parallels the low resistance
ol R6 with R7. This essentially shorts CS and returns the
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Figure 3-:3. VOLTMETER FUNCTIONAL BLOCK DIAGRAM

loop gain to the required amount. The capacitor switch
circuitry is responsible for allowing a time delay before
closing the K1A contacts. When downranging from 10460
volts, C1 is charged by the +35 volt supply through R2 and
R1.  After severat seconds, Tl accumulates s sufficient
charge to cause {31 to conduct. Conduction of Q1 cnergues
relay K1 which closes the K1A contacts.

3-39.  CROWBAR CIRCUIT. If the output voltage was
suddently turmned to zero with aload connected to themstru-
ment, the voltage across the fiter capacitors C1, €2, and C3
{located on the High Voltage Motherboard P/C Assembly,
A8} would appear across the series pass transistors. This
voltage could damuge the series pass transistors. To protect
the series pass transistors from this kind of damage, 2
“erowbar™ circuit is utilized. {The term “crowhar™ is de-
rived from the use of such a device 1o discharge large capaci
tor banks in transmiiter power supplics). The “crowbar”

circuit consists of transistor Q10 end assocted circuitry on

the Series Pass Element P/C Assembly, ABAT. Also, relay
K2 on the High Voltage Motherboard P/C Assembly, A8,
When the voltage across the series pass element reaches
approximately 225 volts, transistor Q10 conducts. Since
reday K2 i i the collector cireont of 10, the relay s

energized and closes the K2A contacts, With the K2A
contacts closed, a discharge path through R15 is provided
for the fiiter capacitors.

3-40. VOLTMETER FUNCTION
3-41. General

342, BASIC VOLTMETER OPERATION. The volt-
meter section may be operated as either a high impedance
volimeter, null detector or differential voitmeter. A sim-
plificd schematic diagram of the basic voltmeter operation
is illustrated in Figure 3-2. When operated as a high impe-
dance voltmeter of nudl detector (INPUT MODE switch in
TVM), the input divider is connected divectly across the
INPUT terminals (HE and LOY. In this configuration, the
front-punel meter indicates the full vaiue of the unknown
voltage applied to the INPUT terminais. For differential
voltmeter operation, the INPUT MODE switeh is placed in
the DIFF+ position. This places a variable precision refer-’
ence voltage in series with the input divider across the IN-
PUT terminals. The polarity of the reference vollage must
be such as to oppose that of the unknown voltage. The
voltage difference between the unknown voltage and that
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of the reference voltage is displayed by the front-panct
meter. When the meter indicates a zevo valt difference, the
reference voltage s equal to the unknown voltage, The
Voltage Standard section provides the precision voltage re-
ference needed for the differential valtmeter mode of oper-
ation. When the meter indicates a zero voltage difference
between the voltage standard and unknown volluge, the
readout dials display the exact value of the unknown volt-
age, with the specified accuracy.

343.  BLOCK DIAGRAM ANALYSIS. A detailed block
diagram of the voltmeter section is ilfustrated in Figure 3-3.
The voltmeter section basically consists of the input cir-
cuitry, Null Detector Amplifier A6A2 P/C Assembly, Null

Detector Power Supply A6A1 P/C Assembly, and the in-
dicatar circuits.

3-44.  The input circuit divider provides a reduced de
voltage to the Null Detector Amplifier P/C Assembly,
In TVM operation, the divider provides a reduced de volt-
age proportional to the dc input voltage. 1n DIFF £ opera-
tion, the divider provides a reduced de voltage proportional
to the difference between the input voltage and the voltape
indicated on the readout dials. This proportional voltage is
then chopped at an 84 Hz rate by s photo-chopper circuit
on the Null Detector Amplifier P/C Assernbly. Magnitude
and polarity information is contained m the amplitude und
phase, respectively, of the chopped signal. This chopped
signal is ther applied to a bigh input impedance ac ampli-
fier whose gain is controlled by the resistance selecied by
the SENSITIVITY switch. Demodulation of the amplificd
signal is accomiplished by the synchronous demodulator.
The demodutator reconstructs the amplified de level and
polarity information and applies it 1o a lixed gain de ampli-
fier. A portion of the de amplificr output is fed back to the
input of the Null Detector Amplificr to control the overalt
amplifier gain. The other portion of the de amplifier out-
put is applicd to the solation amplifier, located on the
Null Detector Power Supply A6A1 P/C Assemibly. lere the
dc signal s again modulated at 84 Hz. coupled across an
isolation transformer, demodulated to reconstruct de level
and polarity information, and applicd 1o the meter and
recorder output terminals. In the TVM position of the
INPUT MODE switch, the meter will indicate the full value
of the applied dc input voltage. In the DIFF+ and DIFF-
positions, the meter will indicate the difference between
the applied dc input voltage and the voltage sct on the
front-panel readout dials. In either case, the full scale
sensitivity will be that indicated by the position of the
SENSITIVITY switch.
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3-45. Circuit Descriptions

346. NULL DETECTOR POWER SUPPLY . The Null
Detector Power Supply AGAT P/C Assembly consists of the
84 1z multivibrator, multivibrator power supply, 415 volt
power supply, and isolation amplifier, Refer to Schematic
335A-1053 for the following circuit descriptions,

347 The multivibrator power supply consisting of
bridge rectificr CR through CR4, filier R1-C1, and reguta-
ling clement CRS is driven by a sccondary winding of
power transformer T1 between pins 11 and 12, The 17
voll rms sigaal is rectified, (iftered, and regulated to provide
¢ 10 valt do operating voltage for the 84 He multivibrutor,
The 84 Hz multivibrator consists of @1 and Q2; frequency

!dc(crméning clements €2, R2, R3, and frequency adjust-

ment Ré: and the primary windings of T1, A portion of
the 84 1y signal from the secondary of TH is used (o drive
the neon drive circuit on the Null Detector Amplifier P/C
Assembly,  The secondary of TV also provides an 84 Hz
signal to drve the synchironous demodulator Q6, on the
Null Detector Amplifier P/C Assembly, and the bases of
Q3 and Q4 in the modulator section of isolation amplifier,
on the Nuli Detector Power Supply P/C Assembly.  Still
another portion of the 84 Hz signal from the secondary of
Tt is rectified and filtered by CR6, CR7, €3, and C4 1o
provide the £15 voits de operating voltages for the Nulf
Betector Amplifier P/C Assembly.  The collectors of Q1
and Q2, mw the &4 v mullivibrator, provide (wo sianals
180° vut of phase to the bases of Q6 and Q5 respectively,
in the demodulator section of the isolation amplifier. Al
theugh the isolation amplificr is focated on the Null
Detector Power Supply P/C Assembly, its operation wilt be
discussed wnder paragraph 3.50, “NULL DETECTOR
AMPLIFIER,” since it provides the signal flow path be-
tween the sull detector amplifier and the sndicator circuits,

348, INPUT CIRCUITRY. The null detector has three
busic sensstivities Tor full scale meter deflection: 1 milli-
volt, 100 microvelts, and 10 microvolts. Input voltages
above | omillivolt are reduced by the divider, consisting of
RY through R16 and two functions of the SENSITIVITY
switch (83a and SSH) At 1 millivolt and below, g fixed
input resstance ol 1 megohm (R12) is connected across
the INPUT erminals. The inpul resistance is 10 megolims
i the 10 wnd 100 millivolt ranges and 100 megehms at |}
volt and abeve,

349, Placing the divider in the proper configusation for
cither null detector or differential voltmeter operation is
accomplished by the INPUT MODE switch. 1n the TVM
position, the INPUT MODE switch connects the divider



directly across the HI and LO INPUT terminals. The nult
detector amplifier senses across a portion of the divider.
This portion of the divider provides a voltage proportional
to the total input voltage. In the DIFFt positions the in-
strument is connected in series with the divider in such a
polarity as to oppose the unknown input voltage, The null
detector amplifier then senses a voltage proportional to the
difference between the voltage set on the readout dials and
the unknown input voltage.

350, NULLDETECTOR AMPLIFIER. The proportion-
al de voltage from the input divider is hitered by a three
stage low-pass RC-filter composed of R1-CZ, R3-C3, and
R4-C4. This fdter reduces any ac voltage having a fre-
quency above 1 Hz. The filtered voltage is then chopped
by the photo-cells V1 and V2, which are driven alternately
at an 84 Hz rate by the neon driver circuit consisting of
DS1, DS2, CR3, CR4, R2, and C}. The resulting chopped
signal, containing de level and polarity information, is
coupled through C5 to a high input impedance ac amp-
lifier consisting of Q1, Q2, Q3. The gain of the ac ampli-
fier is controlied by the common emitter resistance selected
by SENSITIVITY switch SSe. The output of Q3 is coupied
through C10 to a two stage current amplifier consisting of
04 and Q5. A fixed negative feedback, from the emitter of
Q5 through C11 and R19 to the buse of Q4, holds the gain
of these stages constant.

3-51.  The output of Q5 is coupled through C12and R22
to the emitter of Q6 for demodulation. An 84 Hz drive
signal, in-phase with (he photo-chopper drive signal is
applicd 1o the base of Q6, causing delection of the mag-
nitede and polarity of e amplified signal. The demod-
uluted signal is filtered by R24 and C15 hefore application
10 the de amplifier.

352 The de amplifier ampiifies the detected do signal.
Transistors Q7 through Q12 comprise a two-stape differ-
ential amplifics with u complementary emitter-follower out-
put. Negative feedback from the emitiers of Q1T und Q112
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through Ct7, C18, and R31 to the base of Q8 controls the
dc amplifier gain. The output of the dc amplifier is taken
from the common emitters of Q11 and Q12. One portion
of the output is applied to the isclation amplifier and the
other portion through S5 and the selected SENSITIVITY
range resistor for overall null detector amplifier gain.

3-53.  The isolation amplifier, located on the Null Power
Supply P/C Assembly, receives a portion of the dc ampli-
fier output through the center tap of the primary of T2.
The dec signal is modulated at an 84 Hz rate by Q3 and Q4,
with a phase dependent upon the polarity of the input
voltage. This modulated signal is coupled across transformer
T2 for isolution. The phase of the waveferm at the second-
ary of T2 permits conduction of either Q5 or Q6 during al-
ternate halves of the cycle, causing detection of the
modulated signat.

3-54.  INDICATING CIRCUITS. In addition te indi-
cating voltage during nuli detector or differential voltmeter
aperation, the meter also indicates the output voltage (V"
position of the SENSITIVITY switch) or output current
(1" position of SENSITIVITY switch and red meter scale).
Kesistors R3 through R6 (Series Pass Driver P/C Assembly)
anid 4the resistors selected by the RANGE switch S2f pro-
vide a drive current to the meter that is proportional to the
autput voitage, when the SENSITIVITY switch is in the
“V" position. Resistors RT and R2 (Series Pass Driver P/C
Assermbly} provide a drive current to the meter that is pro-

purtional to the output current, when the SENSITIVITY
switch is in the **1” position. )

3-55. A recorder output, directly proportional to meter
deflection, is provided through R29, R30, and fiiter capaci-
tor C8. Recorder output level adjust, R29, provides an ad-
justable output from O to 1 volt for end scale meter
deflection.  The LO RECORDER OUTPUT terminal is
solated from ground by a 047 micrefarad capacitor and
may he floated up to 100 volts de from ground,
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Section 4

- Maintenance

!

4-1. INTRODUCTION

4.2, Information concerning the maintenance and cali-
bration is contained in this section. Paragraph 4-6, GEN-
ERAL MAINTENANCE, covers unique and miscellaneous
maintenance procedures. A series of checks to determine if
the instrument operates properly, plus information to aid in
localizing possible problem areas, should any of these
checks fail, is covered under paragraph 4-21. PERFOR-
MANCE TESTS. Paragraph 4-46, CALIBRATION, con-
tains procedures for alignment of circuits and final accur-
acy adjustments. Paragraph 4-66, TROUBLESHOOTING,
covers procedures for focating and correcting deficiencies
in the instrument,

4-3, SERVICE INFORMATION

44, Each instrument manufactured by the John Fluke
Mfg. Co., Inc. is warranted for a period of one year upon
delivery to the original purchaser. Complete warranty in-
formation is contained in the Warranty page located at the
front of this manual.

4-5. Factory authorized calibration and repair service
for all Fluke instruments are available at various world
wide locations. A complete list of factory authorized
service centers is located at the rear of the manual. I
requested, an estimate will be provided to the customer
before any repair work is begun on instruments beyond
the warranty period.

4-6. OGENERAL MAINTENANCE
4.7, Maintenance Access

4.8, The following procedure is used to gain access to
the interior of the Model 335D:

a. Tutn off power and remove line cord from ac
outlet.

b. Unfasten two Dzus fasteners on rear panel.

c. Unfasten four Dzus fasteners on calibration access

panel on top cover and lift off top calibratior
access panel. See Figure 4-1.

d. Set instrument vertically on handles and withdra
outside cover while guiding ac power cord throug
hole in rear of outside cover. See Figure 4-

e. To remove inner top cover from instrument
unscrew ten sCrews securing inner top cover W
chassis and remove cover. See Figure 4-3.

f. To remove inner bottom cover from instrument
unscrew mine screws securing inner bottom cove
to chassis and remove cover.

B The instrument is assembled in its covers and cas

by reversal of the disassembly procedure.
4



335D

4-9, Located parallel to the left side of the instrument
chassis and behind the second bulkhead is the A9 Extender
P/C Board. This board is used as an extender for the
plugin circuit boards to provide access for adjusting and
testing. The extender board it substituted for the board
to be adjusted or tested with the removed board plugged
into the receptacle at the top of the extender board. All
vertically mounted printed circuit boards behind the second
bulkhead are removable by exerting a combined rocking
and pulling force on the board itself, but never by pulling
on a component on the board. When replacing a printed
circuit board, first ensure that the board is aligned within
its two vertical guides. As it is inserted in place, next
ensure that the mating receptacles are correctly aligned
before pressing it into final position. The extender board
also must be aligned properly 1o be installed in its storage
connector with the land-side of the board facing internal
of the instrument.

4-10.  Removal of the top and/or bottom covers opens
one or both power interlock switches. Hence, operation
of the instrument without its cover {s) requires bypassing or
cheating the interlocks. However, operation of the instru-
ment without its case or without case and covers and with
the interdocks cheated raises the chassis to the + QUTPUT
potential and is extremely hazardous. Use utmost caution
when working on the instrument with its case andfor
cover (s} removed.

4-11. Unigue Maintenance Procedures

4-12.  CLEAN BOARDS. Certain circuit board as-
semblies are ultrasonically cleaned at the factory to prevent
the possibility of electrical leakage, caused by contamina-
tion from handling during assembly. These circuit board
assemblies include the Null Detector Amplifier P/C As-
sembly (A6A2), Sample String P/C Assembly (A2), and
Capacitor P/C Assembly (A1). When components are re-
placed on these assemblies that require soldering, the land
pattern side of the board should be cleaned as described in
paragraph 4-14. Should contamination be suspected on
the component side of the circuit board, use Freon TF
Degrgaser (Miller-Stephenson Chemical Co.).

4-13. PHOTOCELL REPLACEMENT. Should the pho-
tocell assembly on the Null Detector Amplifier P/C As.
sembly (A6A2) have to be replaced, be very careful not to
contaminate the photocell assembly or the plastic light
transmission rods. The recommended procedure is to
wear clean white gloves when handling them. Should the
photocell assembly or plastic rods become contaminated,
clean them with ethy! alcohol, then with deionized water

4-2

and air dry. When replacing the photocell assembly, insure
that the plastic rods are tight against the neon lamps and
photocells,

4-14. CIRCUIT BOARD SEALENT. THe land pattern
side of all printed circuit boards within the instrument
have been coated with epocast (a polyurethane resin} to
inhibit fungus growth and moisture absorbtion. When
soldering to a printed circuit land, the heat from the
soldering iron decomposes the epocast resin, leaving a
charred residue. Upon completion of soldering, this
residue should be removed with, a solvent, such as toluol.

CAUTION!

The following precautions should be sdhered
to when using toluol: avoid inhaling the
vapors, avoid excessive contact with the skin,
and keep away from open flames. lIasure that
plastic components do not come info contact
with toluol, since it will dissolve most types of
plastic.

After removal of the epocast residue, the affected area
should be recoated with a sealent. A spray can of Circuit
Coat (Furane Plastic Inc., 4516 Brazil Street, Los Angeles,
California or 16 Spielman Road, Fairfield, New Jersey)
may be used for recoating.

4-15. Fuse Replacement .
4-16. The fuses are contained in bayonet type fuse
holders located at the rear of the instrument. Listed
below are the correct values for the fuses:

REF -

DESIGN  FUNCTION TYPE

Fl High Voltage
E2 Line

1/4A, slow bilow

3A, stow blow,
115V conn.

1-1/2A, stow blow,
230V conn.

Under no circumstances should replacement fuses with
higher cusrent ratings be installed in the instrument.

4-17. Lamp Replacement

4-18.  The indicator lamps are located immediately
behind the front panel. The instrument may be partially



336D

SRV EERALANIENY -

&« % 9 % 4 & QB O s &

DZUS FASTENERS
{4}

Figure 4-1. CALIBRATION ACCESS PANEL, INSTALLED (A) AND REMOVED (B)



335D

- e ———

Resesevessesy
 d i3I Ty
FOPSIS VNGBS

HOERETEIIEON
B XX ETT R Z 2L L N
RSP BETORED

BosePossvescs
YT YT

ooi.oco#asich.
&

L2 E X EE T E TR T
eSO BONEE:

de0BSISOESB G

e -

AREING: BIGH I0LTACE
THIE BRISTIS WAY BE S1AAY
ST HERRE A SEeURE.

RS TRATERTHIR $4G3 RETARE

- WPERATIG WITH SNTEONE. .
SELET L S ek

Figure 4-2. OUTSIDE COVER REMOVED

4-4



P

335D

e 7

™

AQ
ABA1T

ABA2
AGAY

ABAZ

A,
Cs

R27
R28

T2
ABAZ

ABA1

ALA3

ABA4
INTERLOCK

ASAL

87

ASAB

A3
C4

A2

Figure 4.3, INNER TOP COVER REMOVED

45



335D

removed from the case to gain access to the lamps. The
decimal tamps arc casily accessible and removable from the
top of the strument without the nced of any special
tools. To replace either the over current-voltage lamp or
the operate tamp, remove the screw securing the famp
hotder to its mounting, then remove the bayonet base lamp.

4-19, 115/230V Conversion

4-20.  Depending upon the connection of the power
transformers primary windings, the instrument may be
operated from cither a 115 or 230 volt ac power line. To
convert it from one type of power line operation to the
other, use the following procedure:

a. Disconnect the line cord {rom the power line.

b. Remove the instrument from™ the case and place
upside down on a suitable work space.

<. Orient the instrument and perform the appro-
priate clectrical connections as iHlustrated in Figure
4-4, '

d. Use the proper fuse corresponding to the selected

conversion, as discussed in paragraph 4-15.

FRON"\;

a. 115 VAC CONFIGURATION

4.21. PERFORMANCE TESTS
4-22.  Introduction
423, The following tests are mtended for checking the

perforatance of the Model 335D, These tests may be used
for incoming inspection, periodic inspections, and precali-
bration checks. Tt is rccommended thst these tests be
performed prior to cach calibration,

4.24.  The tests in paragraphs 4-29 through 445 are
divided inmto two groups: those associated with the volt-
age standard and those associated with the volimeter
portion of the instrument.  ln cach case, a short intro-
ductory paragraph, prior to each test, bricfly describes the
purpose of each test and the circuitry involved. An under-
cstanding of the purpose of cach test and the circuitry
involved shoutd aid the technician in analyzing a mal-
function.

4-25.  During the following tests, it will not be neces-
saty to remove the instrument from the case. Al ex-
teenal cquipment witl be connected 1o the terminals pro-
vided on the instrument.  Table 4-1 lists the cquipment
needed for testing und calibrating.
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Figure 4- 4
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EOQOUPMENT REQUIRED

SPECIFICATIONS REQUIRED

Volt/Ohmmeter - RCA Voltohmyst or equivalent,

DC Agcuracy of £3% and input impedance of 10MS.
\

Metered Autotransformer - General Radio

Variac WoMT3A or equivalent

Cutput of O to 130 vac at 3 amperes.

DC Differential Voltmeter - Fluke Model 835A

DC Accuracy of £0.0025% with 100 uv nukl

detector,

RMS Voltmeter - Fluke Model 9338 or
equivalent.

Preamplifier

Accuracy of +{0.05% of input +0.005% of range)
from 30 Hz to 50 kHz.

Gain of 1000 and bandpass of 20 Mz to 30 kHz,

Oscilloscope - Tektronix Type 541 or equivalent.

Preamgplitier - Tektronix Type D

General purposa,

1 mv/em sensitivity

General Purpose Power Supply

Provide 5.5 volts,

DC Milliammeter

0 to 100 milliamperes £5%,

Load Resistor Box - Clarostat 240-C

Resistance range of 20 to 20,0008 at +5%.

Capable gf handling up to 80 watts,

Resistor, Composition '

100kkS2 £5%, 1/2w

Lead Set

Low-leakage; low-thermal emf

Standard Cell Enclosure - Guildline Model 9152

Accuracy of £0.0003%.

DC Voltage Calibration System - Fluke Modet
7101B consisting of the following equipment,
or an equivatent system;

Voltage Standard, Model 3328

Nutl Detector, Modet 845AR

Voitage Divider, Model 750A

Kelvin-Varley Voltage Divider, Model 720A

Capable of measuring 0.1 to 1100 vde with

5 ppm accuracy.

Table 4-1. TESYT AND CALIBRATION EQUIPMENT REQUIRED
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4-26. Voltage Standard

4-27. GENERAL. Since the load, line, and ripple checks
do not rely on any calibration adjustments, a major or
minor out of taferance indication should be investigated
by troubleshooting. The remaining vol tage standard checks
do rely on proper calibration adjustments. Should minor
out of tolerance indications be observed during these
checks, calibration will more than likely correct these prob.
lems. However, should the calibration adjustments be in-
effectual or at their extreme limits, you will have to in-
vestigate the cause of the problem.

4-28, In the event that a malfunction is discovered,
complete as many of the performance tests as possible.
Record which tests the instrument does not successfully
pass and any abmormal indications. This will help in
analyzing the problem and lead to more efficient trouble-
shooiing.

429,
determines whether the output voltage will remain con-
stant, within specified limits, for a low to high line input
power change.

a. Connect the line cord through an auto-transformer

connected to an ac power line. Set the auto-

transformer to 115 volts ac.

LINE REGULATION. The line regulation test

RANGE ic
Readout All Zero
TRIP 1000
VERNIER Clockwise

CURRENT LIMIT Clockwisg (60)

Terminal Connections - See Figure 2.2 (a).

c. Connect the Model 895A to the SENSE terminals
and set to plus polarity. Connect the 240-C Load
Resistor Box to the QUTPUT terminals.

d. Set the RANGE switch, .readout dials, and load
box to the values indicated in the first group of
settings in Table 4-2. Set the POWER switch to
the OPR position. Note the voltage indicated on
the Model 895A. Set the autotransformer to
low line (103V). The output voltage change,
indicated on the Model 895A, should not
exceed the specification listed in Table 4-2.
Return the autotransformer setting to nominal
line (115V). Note the voltage indication on the
Model 895A. Set the autotransformer to high line
(127V). The voltage change, indicated on the
Model 895A, should not exceed the specification,
Repeat this procedure for each group of settings
in Table 4-2,

4-30.  LOAD REGULATION. The load regulation test
determines if the output voltage will remain constant, with-

b. Set the front panel controls as follows: in specified limits, when the output is subjected to a no-load
] E to full-load condition. '
POWER STDBY/RESET ' '
NULL ZERO OPR ) a. Connect the line cord to an autotransformer con-
INPUT MODE TVM nected to an ac power line. Set the autotrans
SENSITIVITY I former to 1135 volts ac.
RANGE READOUT LOAD {50 ma} SPEC.
10 1.000600 2000 ) 10uv
10 10.000000 2000 20 uv
100 10.00000 2000 20 uv
100 100.00000 200052 200 uv
1000 100.0000 2000802 200 uv
1000 1000.0000. 20,0000 2.0 mv

Table 42, CONTROL SETTINGS, LOAD REQUIREMENTS, AND LIMITS FOR LINE REGULATION
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Set the front panel controls as follows:

POWER STDBY/RESET
NULL ZERO OPR

INPUT MODE VM
SENSITIVITY i

RANGE 10

Readout All Zero

TRIP 1000
VERNIER Clockwise
CURRENT LIMIT Clockwise (60}

Terminal Connections - See Figure 2-2 (a).

c. Connect the Model 895A to the SENSE terminals.

d. Set the RANGE switch and Readout Dials to the

values indicated in the first group of settings listed
in Table 4-3. Set the POWER switch to the OPR
- position. Note the voltage indicated on the Model
895A. Connect the 20-chm ioad to the OUTPUT
terminals of the instrument, and note the output
voltage change on the Model 895A. This change
should not exceed the specification listed in the
chart. Repeat this step for each proup of settings,

& Repeat step d. for low line (103V) and high
line {127V).

4.3}, RIPPLE. The ripple test determines if the rms

value of the super-imposed ac component, on the dc output
is within specificd limits.

a. Connect the preamplifier to the OUTPUT ter-
minals. Connect the Model 931 RMS Vaolimeter to
the output of the preamptlifier.

335D

NULL ZERO OPR

INPUT MGDE TVM
SENSITIVITY I

RANGE 10

Readout All Zero

TRIP 1000
VERNIER Clockwise
CURRENT LIMIT Clockwise {60}

Terminal Connections - See Figure 2.2 {(a).

With the autotransformer set to nominal line volt-
age (118 Vac), set the POWER switch to OPR.
The ripple indicated on the Model 931B should
not exceed 20 microvolts rms (Indication is via
1000X amplifier),

Set the readout dials to 10 volis. The ripple in-
dicated on the Model 931B should not e:_cceed 20
microvols rms.

Connect the 200-chm load resistor to the QUT-
PUT terminals. The ripple indicated on the Mode!
931B should not exceed 20 microvolts rms. Dis-
connect the load resistor,

Set the readout dials to zero; and set the RANGE
switch to 100. The ripple indicated on the Model
931B should exceed 30 microvolts rms.

Set the readout dials to 100 volts. The ripple in-
dicated on the Mode] 931B should not exceed 30
Microvoils Tms.

Connect the 2,000-ohm ltoad resistor to the QUT-
PUT terminals. The ripple indicated by the Model
931B should not exceed 30 microvolts rms. Dis-

b. Set the front panel controls as follows: connect the load resistor.
POWER STDBY/RESET i Set the readout dials to zero, and set the RANGE
RANGE READOUT LOAD (50 ma} SPEC.
16 1.000000 2080 10 uv
" 10 10.00000 20002 20 uv
100 10.00000 - 20002 20 uv
100 100.00000 20000 200 uv
1000 100.0000 200082 200 uv
1000 1060.0000 20,0005 20mv

Table 4-3. CONTRAOL SETTINGS, LOAD REQUIREMENTS, AND LIMITS FOR LOAD REGULATION
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switch to 1000. The ripple indicated on the Model
931B should not exceed 40 microvolts rms.

i Set the readout dials to 1000 volts. The ripple in-
dicated on the Model 931B should not exceed 40
microvolts rms.

k. Connect the 20,000-ohm load resistor to the OUT-
PUT terminals. The ripple indicated on the Model
931B should not exceed 40 microvolts rms. Dis-
connect the load resistor.

4-32.  VOLTAGE STANDARD ACCURACY. If the
voltage standard has successfully passed the line, load, and
ripple specifications, it can be assumed to be operating
correctly. The output voltage can now be checked and
compared to the accuracy specifications. These checks
should be accomplished after the unit has warmed up for
1 hour at standard reference conditions of 23°C £1°C, up
to 70% relative humidity, and constant line voltage. One
method of checking the instruments accuracy is by com-
paring the output voltages to a standard cell by means of a
reference divider. Use the equipment and connections
shown in Figure 4-8 and the procedure of paragraph 4-65,
steps L. through t.

4-33. Meter and Protection Circuits

4-34. V- 1 MONITOR. This check investigates the cir-

cuitry involved with monitoring and displaying, on the
front-panel meter, the output voltage and current.

. With the SENSITIVITY switch in the “V™ posi-
tion, set the RANGE switch and readout dials for
100 volts output.

b. The front-panel meter should indicate 100 volts
+3.0 volts.
c. Check the meter linearity at the foliowing cardinal

points, Table 44, Al meter indications should
be within 3% of full scale.

RANGE READOUT
10 1.000G00
100 16.0606000
1000 100.0000 8
10 10.600000
1000 1000.0000

Table 4-4. CONTROL SETTINGS FOR v-1 MONITOR
TEST

4-10

d. Set the RANGE switch to 10 volts, the readout
dials to 5 volts, the CURRENT LIMIT control
maximum clockwise, and the SENSITIVITY switch
to "'I”.

\

e. Connect a O to 100 dc milliammeter across the

OUTPUT 1erminals.

f. Rotate the CURRENT LIMIT control counter-
clockwise until the external meter indicates 50
milliamperes.  The fron{-panel meter should also
indicate 50 milliamperes on the red scale.

g Set the RANGE switch to 100 volts then to 1000
volts, The front-panel meter should indicate 50
miilliam_peres& in each position of the RANGE
switch.

4-35.  CURRENT LIMIT. This check determines the
range of the CURRENT LIMIT contral, which shouid be
from 0.5 to 60 milliamperes.

a. Set the POWER switch to STDBY/RESET, the
RANGE switch to 10 volts, the readout dials to §
volts, and the CURRENT LIMIT control maximum
clockwise. '

b. Connect a 0 to 100 dc milliammeter across the out-
put terminals.

c. Set the POWER switch to OPR. The external
meter should indicate 60 milliamperes.

d, Rotate the CURRENT LIMIT control maximum
counter-clockwise, The external meter should
indicate 0.5 milHampere.

436, VOLTAGE TRIP. This test determines if the
trip circuit will actuate during an overvoltage condition
on each RANGE setting.

a. Set the TRIP VERNIER maxumum clockwise. Set
the RANGE, TRIP, and readout dials to the values
indicated in Table 4-5. In each case, rotate the
VERNIER counter-clockwise from the maximuin
clockwise position until the trip circuitry just
actuates. In each case, the VERNIER control
should be approximately 30° from the maximum
clockwise position.

Set the output of the instrument for 4 volts on the
10 volt range. Set the TRIP switch to the 10 volt



RANGE TRIP READQUT DIALS
10 10 10.X00000
100 100 10X.00000
1000 1600 TOXX.X00

Table 4.5 CONTROL SETTINGS FOR VOLTAGE
TRi{P CHECK

position and the VERNIER control to the 12
o'clock position.

c. Set the RANGE switch to 100 volts. The trip cir-
cuit shouid actuate.

d. Set the TRIP switch to the 100 volt position and
reset the instrument,

e. Set the RANGE switch to the 1000 volt position.
The trip circuit should actuate.

f. Set the TRIP switch to the 1000 volt position and
the VERNIER control maximum clockwise. Reset
the instrument,

:8 Set the RANGE switch to 100 velts then to 10
volts. The tnip circuit should not actuate in either
position.

4-37. Voltmeter

4-38.  GENERAL. A good indication of correct oper-
ation of the null detector is the eclectrical zero test.
Should the instrument {ail this test, you should investigate
the cause of the problem. '

4-39, LEAKAGE RESISTANCE. This test determines
if the isolation between the LO INPUT terminal and
ground, in the TVM mode, is at least 10'? ohms.

a. Disconnect the Model 335D from the power line
and connect to the Models 415B and 845AR, as
iHustrated in Figure 4-5, with teflon coated leads.

b. Connect a 100 kilo-ohm {(£5%) 1/2 wait resisior
across the INPUT and COMMON terminals of the
Model 845AR,

c. Set the Model 845AR POWER switch to ON and

the RANGE switch to 100 microvolts. Set the
INPUT MODE switch to TVM and insure that the
VM AC COMMON terminal is linked to (ground).

d. Apply 1000 volts from the Model 4138,

335D

e. The indicgtion on the Model 845AR should not
exceed 100 microvolts, This indicates that the iso-
lation is 10'* ohms or greater. '

f. Return the Mode! 415B to zero outpuf and remove
alt equipment interconnections.

440, MECHANICAL ZERO. With the instrument still
de-energized, adjust mechanical zero screw (located just
below the meter) so that the meter pointer is over the
center scale zero position.

441, ELECTRICAL ZERQ. Connect the instrument
to the power line and set the POWER switch to the STDBY/
RESET position. Proceed as follows:

a. Set the controls as follows:
Readout Dials All Zero
INPUT MODE TVM
NULL ZERO ZERO
SENSITIVITY 10 uv
b. Rotate the NULL ZERO control through its full

range, The meier poinier should deflect a total
of 16 microvolts.

c. Set the meter pointer over the center scale zero
position with the NULL ZERO control.

d. Observe the meter pointer for a period of 10 sec-
onds. The pesk-to-peak excursions of the pointer
should not exceed 0.5 microvoits.

447, VOLTMETER ACCURACY. The null detecior
accuracy can now be checked. Place the INPUT MODE
switch in the TVM position. Known voltages may be.
applied to the INPUT terminals (o check the null detector

at the .desired cardinal points. Null Detector accu}acy is
+.3% of full scale.

443, The differential voltmeter operation may also be
checked for accuracy by placing the INPUT MODE switch
in the DIFF: positions. When doing so, observe the same

stundard reference conditions used for checking the voltage
standard accuracy,

444, RECORDER QUTPUT VOLTAGE

a. With the INPUT MODE switch to the TVM posi-
tion, set the SENSITIVITY switch to the 1 milli-

4-11
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Figure 4.6, { EAKAGE RESISTANCE TEST CONNECTIONS
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volt position and apply one milivolt to the INPU'T
terminals. The meter should defiect full scale.

b. Connect a Model 895A to the RECORDER OUT-
PUT terminals.
c. Vary the RECORDER QUTPUT ADJUST to both

extremes. The voltage at the RECORDER OUT-
PUT terminals should vary from 0 fo over | voit
(typically 1.2 volts).

d. Disconnect the Model 895A and the I millivolt
SOurce.

445. RECORDER OUTPUT GROUND ISOLATION

&. With the INPUT MODE swiich in the TVM posi-
tion:. set the SENSITIVITY switch to the 10 micro-
volt position and apply 10 microvolts to the INPUT
terminals. Adjust recorder oartput for 1.0 volt.

b. Apply £100 volts, from the Model 335D OUTPUT
terminals, between the LO and  (ground) RE-
CORDER QUTPUT terminals.

The change in defiection on the front-panel meter
should be Jess than 0.5 microvolts.

Lo

d. Remove connections.

4-46. CALIBRATION

4-47. Introduction

448,  The following procedures are intended for cali-
bration. The equipment required is listed in Table 4-1.
Druring the first portion of the calibration procedure, the
instrument will have to be removed from its case. Refer to
paragragh 4.2 for maintenance access procedures. The top
inner cover will also have to be removed. Howeves, upon
removal of the top inner cover it will be necessury to
“cheat” i interlock located on the top right-hand cdpe of
the tnstrument chassis,

WARNING!

The inner chassis is at + OUTPUT potential
Lethal voltages exist between inner chassis and
front panel.

335D
4.49, Voltmeter

4-50. MECHANICAL ZERO. With the instrument de-
energized for at least 3 minutes, adjust the mechanical
zero screw {Jocated just below the front-panel meter) so
that the meter pointer is over the center scale zero posi-
11011,

4.5}1. NULL DETECTOR DRIVE FREQUENCY. Ex-
tend the Null Detector Power Supply P/C Assembly (A6A1)
on the extender card provided. Set the POWER switch to
STDBY/RESET and allow approximately one minute for
warm-up. Proceed as foliows: '

a. Set the oscilloscope vertical input to 20 volts/
centimeter and the horizontal sweep for 2 rmilli-
seconds/centimeter,

b. Connect the oscilloscope between the collectors
of Ql and Q2.

c. Refer 1o Figure 4-6 and adjust R4 until the period

of the square wave is 11.9 milliseconds.

4.52. NULL SENSITIVITY ADJUST. Proceed as fol-
lows:

a. Adjust the meter electrical zero. Set the INPUT
MODE switch to TVM, the SENSITIVITY switch
to | millivolt, and NULL ZERO to OPE,

b. Apply +1 mitlivolt to the INPUT terminals.

<. Refer to Figure 4-6 and adjust RS for a full-scale
meter deflection (1.0) £1/2 a small division.

d. Apply —1 millivolt to the INPUT terminals. The
meter pointer should deflect full-scale to the left
of zero +1/2 4 smal} division.

c. Apply to exch of the remaining SENSITIVITY
ranges, the corresponding voltage that will cause a
full-scale deflection. In each case, the meter
pointer should deflect full-scale, £1 smail division,

4-53. Voltage Standard

4-34,  AUXILIARY POWER SUPPLY. With POWER
switch in the OFF position, connect th: Model 235D
through ar avtotranstormer to the power Line. Adjust the
autotransformer for nominal line voltage. Extend the
Auxitiany iower Supply P/C Assembly (ASAS) on the ex-
iender card provid.l.  Set the POWER switch to the

413
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STDBY/RESET position. Allow approximately {0 minutes
for warm-up, then proceed as follows:

a. Using the +SENSE terminal as commoen, connect a
Model 895A to pin 10 on the Auxiliary Power
Suppty P/C Assembly.

b. Referring to Figure 4-6, adjust R9 until the Model
895 A indicates 25 volts, £ 10 millivolts,

c. While varying the line voltage from 100 to 130
volts ac, the Model 895A indication should not
change more than 40 millivolts.

4. Set the POWER switch to OFF. Disconnect the
Model 895A. Replace the Auxiliary Power Supply
P/C Assembly. Return the POWER switch to the
STDBY/RESET position.

4-55. CURRENT LIMIT. Proceed as follows:

a. Set the conirols as follows:
POWER STDBY/RESET
RANGE 10
Readout Dials 5000000
TRIP 1000
VERNIER Maximum Clockwise

CURRENT LIMIT Maximum Clockwise

b. Connect a 0 to 100 dec milhammeter across the
OUTPUT terminals. Set the POWER switch 10
OPR.

c. Referring 10 Figure 4-6, adjust R23 for a 66 mil-

liampere indication on the external meter.

d. Rotate the CURRENT LIMIT control maximum
counterclockwise. Referring to Figure 4.6, adjust
R24 for a 0.5 milliampere indicaiion on the
external meter.

e. 1f necessary, readjust R23 and R24 until the range
of the CURRENT LIMIT control is from 0.5 to 60
milliamperes.

f, Set the POWER switch to STDBY/RESET. Repluce

the top inner cover on the Madel 335D,

4-56, QUTPUT CURRENT MONITOR,
foll ows:

Proceed as

3 Set the SENSITIVITY switch to °17.

335D

b. Adjust the CURRENT LIMIT control to obtain a
50 milliampere indication on the external meter.

c. Rotate the adjustment labelled O\UTPUT CUR-
RENT METER ADJUST until the froni-panel
meter pointer indicates 50 milliamperes on the red
scale,

d. Set the RANGE switch to 100 volts; then to 1000
volts. The front-pane! meter should indicate 50
milliamperes in each position of the RANGE

switch. :

e. Set the POWER switch to STDBY/RESET, Re-
move the external meter connections from the in-
strument.

4-537. OUTPUT VOLTAGE MONITOR. Proceed as
follows:
2. Set the front panel controls as follows:
SENSITIVITY Vv
RANGE 100
Readout Dials 100.00000
b. Rotate the adjustment labelled OUTPUT VOLT-

METER ADJUST until the front-panel meter in-
dicates 100 volts £0.5 volts,

c. Meter linearity may be checked at the cardinal
points listed in Table 4-6. Al full-scale meter

indications should be within 3% of the readout
dial settings.

RANGE READOUT DIALS
10 1.000000
100 1000000
1000 1000000
10 16000000
1000 1000.0000

Table 4-6. CONTROL SETTINGS FOR VOLTAGE MONI-
TOR LINEARITY CHECK

4-54. VOLTAGE TRIP. Proceed as follows:
it Set the controls as foows:

RANGE 100
Readout Dials 0X. 060060

4-15
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VOLTAGE TRIPOUT maximum counter-
ADJUST (top cover) clockwise
TRIP 100
VERNIER 20° from maximum
clockwise
b. Rotate the VOLTAGE TRIPOUT ADJUST untit

the output is de-energized, as indicated by the
illumination of the red indicator lamp and the
audible “click™ of relays.

c. Set the POWER switch to STDBY/RESET. Rotate
the VERNIER control to the maximum clockwise
position.

d. Set the POWER switch to OPR. Set the RANGE

switch, TRIP switch, and readout dials as listed
in Table 4-7. Check the trip action on each range
by rotating the VERNIER control counter-clock-
wise. The trip point should occur in each RANGE
switch position when the VERNIER control is ap-
proximately 30° from the maximum clockwise

position.
TRIP RANGE READOUT DIALS
10 10 10.X00G00
1000 1000 10X X.X000

Table 4-7. - CONTROL SETTINGS FOR TRIP RANGE

" CHECK
4.59. MASTER REFERENCE. Proceed as follows:
a. Set the controls as follows:
POWER OPR
RANGE 1000
Readout Dials 00X. 0000
TRIP 10600 .
VERNIER Maximum Clockwise
CURRENT LIMIT Maximum Clockwise
b. Connect a Model 895A to the MASTER REFER-
ENCE TEST points through the top inner cover.
C. Adjust CAL 1000V, CAL 100V, and CAL 10V
mechanically to mid-point of travel.
d. Rotate R9 on Reference Supply pcb to obtain
an indication of 15.00 volts (10 uV) on the
Model B9SA.

®

e. Set the POWER switch to STDBY/RESET.
4-80. Voltage Standard Output

4-61.  The voitage standard is calibrated t}y setting the
zero output and adjusting the sample string resistors and
the range resistors. Adjustment of sample string resistors
determines output voltage ratio accuracy and adjustment
of the range resistors determines absolute voltage accuracy.
The linearization adjustment involves adjusting correspond-
ing resistors in adjacent decades so they are in exact ten-to-
one ratio with each other.

4.62.  This procedure is divided into sections, initial and
final. Both procedures are to be performed if any servicing
has been done. The Final Calibration need only be done if
the instrument is operating normally and requires certifica-
tion. )

4-63. INITIAL CALIBRATION. The following adjust-
ments should be performed whenever repairs have been
made to the Modet 335D, After completion, however, the
adjustments given under Final Calibration must also be
done,

464.  The instrument should be warmed.up for at least
one hour at standard reference conditions of 23° £1°C, up
to 70% relative humidity and constant line voltage before
adjustments are made. The instrument must be operated in
its case with the RANGE switch and readout dials set for
100 volts output.

a. Set the Mode! 335D controls as follows:
POWER ON
RANGE 1000
Readout Dials 00X 0000
TRIP Maximum Clockwise

CURRENT LIMIT Maximum Clockwise

b. Connect a Model 895A to the MASTER REFER.
ENCE test points through the top inner cover.

. Rotate R9 on Reference Supply pcb to obtain
an indication of 15.00 volts (210 uV) on the
Model B95A.

d, Connect a Model 895AR null detector across the

OUTPUT terminals. Set the voltage standard dial
readout to all zeros and the POWER switch
o OPR.

e. At each RANGE switch position, vary the corre-



sponding ZERC OUTPUT ADIUSY (10V, 100V,
1000V) for a null indication (£2 microvolt) on the
null detector.

f. Connect the 895A to the OUTPUT terminals of
the 335D with the voltmeter commpon connected
to the positive (+) output.

g Set RANGE switch and decades on the 335D
as listed in Table 4-8. Null the 895A reading or

adjust the specified Sample String adjustment po-
tentiometer as required.

Range Dial Setting Adfust BBSA to: Adjust *
1000 000X 000 Nult Reading --
1000 G010000 meeme o 1
1000 001X 000 Nult Reading .-
1000 0020000 seees--e-- 2
1000 003X 000 Nufl Reading .. C Decade
1600 _00 40000  --eeecnnen 4
1000 QGO 7X 000 Null Reading
1000 280000 --eeceeenn 8
1000 GO X0000 Null Reading .
1000 0100000  «eeiennnnes 1
160 01 X0000 Nylt Reading
100 0200000  ----- 2
100 03X0000  Nultl Reading -+ '} 8 Decade
100 0400000  cer-mn---- 4
100 07 XDO0O MNull Reading
100 DBODOGO  ccwennennn 8
100 OX 00000 Nul Reading
100 1000000 e-e--e---- 1
10V tX00000 Null Reading
1oV 2000000 --e---e--- 2
oV IX 00000 Nal Reading .- A Decade
10V T+ uR o1+ ] 1 4
10V X 00000 Nuli Reading
1oV B000OOO aeeaaiinan 8

Adjust the specitied Sample String potentiometerss to within

124 volts of the previous msl reading,

Tabie 4-B. SAMPLE STRING PRE-LINEARIZATION

335D 335D Adjust 895A Adjust
RANGE Dial Setting To:

10V 10000000 10.0 00 00 10V CAL to nult
100V 10.006000 10.0 00 00 100V CAL to null
1000V 0100000 10.0 00 00 | 1000V CAL to null

Table 49, PRELIMINARY RANGE CALIBRATION

335D

Leave the 895A connected as in step f,

Set the RANGE and decades on the 335D as
listed in Table 4-9.  Adjust the 895A to
10.0 00 00 volts. Adjust the range calibration
pots {CAL) shown in Figure 4-2 as required.

Set the Model 335D controls as follows:

POWER STDBY/RESET
RANGE 10 ]

Readout Dials 5.000000

TRIP . 1000

VERNIER Maximum Clockwise

CURRENT LIMIT Maximum Clockwise

Connect a 0 to 100 dc milliammeter across the
QUTPUT terminals. Set the POWER switch to
OPR. :

Referring to Figure 4-6, adjust R23 for a 60 milli-
ampere indication on the external meter.

Rotate the CURRENT LIMIT control maxirmum
counter-ciockwise. Adjust R24 for approximately
0.5 milliampere indication on the external meter.

If necessary, re-adjust R23 and R24 unti] the range
of the CURRENT LBMIT control is from 0.5 to
60 milliamperes.

Set the POWER switch to STDBY/RESET. Re-
place the top inner cover on the Model 335D,

Set the METER switch to CURRENT and the

POWER switch-to OPR.
Adjust the CURRENT LIMIT control to obtain

a 50 milliampere indication on the external meter.

Rotate the adjustment labeled output CURRENT
METER ADJUST until the front-panel meter
pointer indicates 50 milliamperes on the red scale,

Set the RANGE switch to 100 volts; then to 1000
volts. The front-panel meter should indicate 50
milliamperes in each position of the RANGE
switch. :

Set the POWER switch to STDBY/RESET. Re-
move the external meter connections from Model
335D,
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Set the Model 335D front panel controls as
follows:

POWER OPR

METER VOLTAGE

RANGE 100 o
Readout Dials 100.00000

Rotate the adjustment labeled OUTPUT VOLT-
METER ADJUST until the front-parel meter in-
dicates 100 volts £0.5 volts.

Meter linearity may be checked at the cardinal
points listed on Table 4-10. All full-scale meter

indications should be within *3% of full scale

RANGE

READOUT DIALS

10
100
1000
10
1000

1.000000
10.00000
100.0000
10.000000

1000.0000

Table 4-10.

aa.

418

CONTROL, SETTINGS FOR VOLTAGE
MONITOR LINEARITY CHECK

Set the Model 3350 controls as follows:

RANGE

Readout Dials

VOLTAGE TRIPOUT Maximum Counter-
ADJUST (top cover) clockwise

TRIP 160

VERNIER Fully Clockwise

1000V
125.0000

Rotate the VOLTAGE TRIPOUT ADJUST until
the output is de-energized, as indicated by the i-
lumination of the red indicator lamp and the aud-
ible “click™ of relays.

Set RANGE to 10 and reset the instrument,

Set the POWER switch to OPR. Set the RANGE
switch, TRIP switch, and readout dials as listed in
Table 4-11. Check the trip action on each range
by rotating the VERNIER control counter-clock-
wise. The trip point should occur in each RANGE
switch position when the VERNIER control is
approximately 30° from the maximum clockwise
position.

TRIP RANGE READOUT DIALS
10 10 10.X00000
1000 1000 10XX. X000

Table 4-11. CONTROL SETTINGS FOR TRIP RANGE

ab.

ac.

ad.

ac.

af.

ag,

4-65.

CHECK

Set the output of the instrument for 4 volts on the
10 volt range. Set the VOLTAGE TRIP switch to
the 10 volt position and the VERNIER control to
the 12 o'clock position.

+

Set the RANGE switch to 100 volts. The trip cir-
cuit should actuate,

Set the VOLTAGE TRIP switch to the 100 volt
position and reset the instrument.

Set the RANGE switch to the 1000 volt position.
The trip circuit should actuate.

Set the VOLTAGE TRIP switch to the 1000 volt
position and the VERNIER maximum clockwise.
Re-set the instrument.

Set the RANGE switch to 100 volts then to 10

voits. The trip circuit should not actuate in either
position.

FINAL CALIBRATION. The following procedure

should be performed to accomplish the final linearization
of the Sampie String and the Range Calibration on the

335D.

Connect 2 Model 895AR null detector across the
QUTPUT terminals. Set the voltage standard dial.
readout to all zeros and the POWER switch
to OPR. '

At each RANGE switch position, vary the corre.
sponding ZERO QUTPUT ADJUST (10V, 100V,
1000V} for a null indication (£1 microvolt) on the
voltmeter.

Self-calibrate the 720A using the procedure con-
tained in its instruction manual.

Using the 7101B DC Voltage Calibration System
make the equipment connections shown in Figure
47.




Set the readout dials of the 720A to the stzndard
cell voltage {e.g. . 1018000™).

3350

338D

7204

3350
f. Set switch S1 to position A. H -
uutiLo LO
g. Adjust the output of the 335D (approximately 11 . sTD :
volts) for a null indication (£1 microvolt) on the 1 CELL
845AR.
h. Set OPERATE switch on 845AR to ZERO. Set Figure 4-7. CONNECTIONS FOR SAMPLE STRING
switch St to position B, LINEARIZATION
potentiometers as indicated,
i Sct the RANGE and readout dials to the values
tisted in Table 4-12 and adjust the RANGE CAL NOTE!
?{ ?xﬁ_\M!‘Li: STRING ADJUST potentiometers as The calibration of the 335D should now be
indicated. j
checked to ensure that it meets the accuracy
i Repeat steps a. through h. of paragraph 4-65. specifications. :
: L Using the 7101B DC Voltage Calibration System
k. Set the RANGE and readout dials to the values  make the equipment connections shown in Figure
listed in Table 4-13 and adjust the RANGE CAL 48, '
STEP 720 SETTING 3350 335D NULL BASAR
RANGE DIAL SETTING ADJUSTMENT NULL
1 0000000 1000V 0006.0000 >845AR =1 uV
2 . 1000800 1600V 000.X00 1000V CAL +1uV
3 .1000000 1000V 001.0000 DECKC — 1 +tuV
4 2000000 106GV 002.0000 DECKC -2 £1uV
5 4000000 1000V 004.0000 DECKC -4 2 uV
6 .8000000 1000V 008.0000 DECKC -8 4 uV
7 © DO0OG00 1000V 00X.0000 T20A +5uV
8 Step 7 null 1000V 010.0000 DECKB -1 +5uV
9 0006000 100V 00.00000 = sasaR +1uV
10 .1000000 100V 01.00000 100V CAL +1uV
1 .2000000 100V 02.00000 DECK B ~ 2 £1uV
12 4000000 100V 04.00000 DECK B -4 12 uV
13 8000000 100V 08.00000 DECKB -8 =4 uV
14 1.0000000 100V 0X.00000 720A £5uV
15 Step 14 nuli 100V 10.00000 DECK A — 1 5 uV
16 0000000 10V 0.000000 = sssaR 10V
17 1000000 1oV 1.000000 10V CAL 21 uV
18 2000000 0V 2.000000 DECK A — 2 1 uV
19 4000000 10V 4.000000 DECKA -4 +2uV
20 80000600 1ov 8.000000 DECKA -8 4 uV
[T=>  Adjust the B45AR ZERO ADJ to obtain a system zero.
b— Adjust the 720A readout dials for a nult on the B45AR. Retin this setting for the next step,

Table 4-12. FINAL LINEARIZATION OF DECK C, B AND A
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m. Set the Standard cel! voltage on the standard cefl
readout dials of the 750A.

n. Set the instruments to the settings shown in step |
of Table 4-14,

0. Connect the 845AR across the output terminals of
the 335D. The B45AR should read zero volts
and be within the tolerance specified in Table

4-14.

p. Connect the 845AR to test points A shown in Fig-
ure 4-8,

q. Set the instruments to the settings shown in step 2

of Table 4-14.

T, Switch in the null indicator with the switch on the
750A and adjust the output of the 335D for a null
indication (£} microvolt) on the 845AR. The
335D should read = 1100 volts.

5. Connect the 845AR to test points B shown in Fig-
ure 4-8. The null indicator should read within the
tolerance specified for this step in Table 4-14.

1 Perform the remaining checks in Table 4-14 by set-
ting the instruments as specified in eachs step and
checking the specified tolerance apainst the 845AR
null indicator. The steps that are marked with a
flag should be performed as in step o. of this
paragraph.

WARNING!

During this procedure high voltage is present
at the terminals of all test instruments except
the standard cell. When relocating the null in-
dicator the output of the 335D should be set to
zero volts, .

4-66. TROUBLESHOOTING

4-67. A thorough understanding of the principles of
operstion is necessary to efficiently troubleshoot the instru-
ment. s recommended that Section 3 be reviewed before
attempting to troubleshoot the unit.

4-68.  The fotlowing troubleshooting procedure is in such
sequence that it can be applied to any unit, including one in
which the trouble is totally unknown and there is doubt

720A SETTING 335D 335D NULL B45AR
RANGE DIAL SETTING ADJUSTMENT NULL
1.0000000 1000V 010.0000 1000V CAL +5uV
1.0000000 100V 10.00000 100V CAL +huv
1.6000000 10V 10.000000 10V CAL Fhuv
Table 4-13. FINAL RANGE CALIBHATION
‘L®:l/845AR
750A
B INPUT
3350 Y BY  output
UuT 335D
Yay
Hi i M1
L0 @ $TD l+ LO
CELL
N t
i

Figure 4-8. CONNECTIONS FOR RANGE CALIBRATION CHECKS
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7504 3350
SETTING
STEP INPUT OUTPUT RANGE  DIAL SETTING TOLERANCE
D- 1 . RN 10V 0.000000 +10uV
2 1100 5 1oV 5.000000 +60uV
) 3 1100 10 10V 10.000000 +110uV
' T 4 . . 100V 00.00000 £20uV
5 1100 5 100V 05.00000 +70uV
6 1100 10 100V 10.00600 £120uV
7 1100 50 100V 50.00000 +520uV
B8 1100 100 100V 100.00000 $1020uV
> 9 . e 1000V £00.0000 £200uV
10 1100 5 1000V 065.0000 : +275uV
11 1100 10 1000V 610.0000 +350uV
12 1100 50 1000V 050.0000 0500V
13 1100 100 1000V 100.0000 +1700uV
14 1100 500 100pV 500.0000 +7.7mV
15 1100 1000 1000V 1000.000 £15.2mV
16 1100 1100 1000V 10X0.0000 £16.7mV
17 1100 1100 1000V 1099.999X £16.7mV
[> Perform this test as described in paragraph 4-85, step o,

- Table 4-14. CONTROL SETTINGS AND TOLERANCES FOR CALIBRATION CHECK

whether power can be applied without causing damage. 1f inner chassis and exposed parts. The Pre-

T the unit is operable, the Resistance Measurement and the Regulator circuitry is at line voltage above
Standby Power Check, paragraphs 4-69 and 4-71 may be ground. When changing P/C boards, use the
omitted. The checkout follows the guidelines listed betow, POWER switch OFF position and wait a few
and is intended to localize the trouble o an assembly which seconds after removing power to allow capaci-
may be tested individually. tors to discharge. When changing the Pre.

Regulator Assembly, set the POWER switch to
1. Remove the Pre-Reguistor PIC Assembly. OFF.
b, Check all auxihiary supplies and the referencevol:-  4-68,  Resistance Measurements
age.
4-70.  These checks verify correct output resistance of
< Check the Conntol Amplifier to ensure that it auxiliary voltage supplies. A check of the sample siring may
operstes properly when provided with an error reveal an open resistor, which is sometimes a cause of loss
stgral. of regulation. An ohmmeter (RCA VoltOhmyst or equiv-
alent) is required for this test.
d. Verify that the Pre-Regulator is being turned on
and off by the Unjunction Oscillator, a Disconnect the instrament power plug from ac

P power.  Disengage the chassis from the case by

£ When it can be verified that the Pre-Regutator is controlling loosening the wo Dzus fasteners on the rear of

N power to the High Voltage Rectifier, the POWER «witch the instrument. Slide the unit out of the case and

- may be set (o the OPR position and the Series Pass Fioment remove the top inner cover. This will open inter-
checked. lnck, '
oy WARNING! b. Remove the Pre-Regulator P/C Assembly. Sct the
The inner chassis is at the same potential as the instrument POWER switch to OFF and set the
+OUTPUT terminal. Avoid contact with the ) front panel controls as foliows;
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POWER OFF
METER A%
VOLTAGE RANGE 100V
TRIP HO00V
VERNIER Fully Clockwise (CW)
CURRENT LIMIT Fully Clockwisc {CW)
Decade Dials 50.00000
c. Measure the resistance between the following test

points and the +SENSE terminal. Connecct the
assembly fo the motherboard by using the extender
card.

ASSEMBLY PIN RESISTANCE

(Apprux.)

8.4 kilohms
2.1 kilchms

Auxiliary Power Supply 9
Auxiliary Power Supply 10

Current Limiter 1 6.0 kilohms
Current Limiter 3 3.0 kilohans
d. - Disconnect the shorting links between the SENSE

and OUTPUT terminals. Remove the Differential
Amplifier Assembly and connect da ohmmeter be-
tween pin 5 of the Differential Amplifier socket
ami the negative SENSE terminal. The ohmmeter
should indicate less than 0.5 ohm. Step each dial
through its range; the resistance should increase
according to the following table. Return each dial
to zero after checkout.

NOTL!

This check detects gross errors only, such as an
open resistor. Resistors are factory selected for
accuracy and temperature coefficicnt.

READOUT DIAL RESISTANCE INCREASE
OHMS PER STEP
Seventh 0.1
Sixth ‘ 1.0
Fifth 10
Fourth 100
Third 1000
Second 10,000
First 100,000
e. Reconnect the links between the SENSE and OUT-

PUT terminals and replace the Differcntial Ampli-
fier Assermnbly.

4-22

4-71. Standby Power

472 Thix check measures power consumption in the
STDBY/RESET maode. 11 reveuls possible gross faults
such as wiring errors or shorted components in the auxil-
fary power supply, voltage control circuitry and protection
circuitry. A metered Varise and differential voltmeter are
required for this test.

a. Remove the top isner cover and the Pre-Regulator
Assembly if not already accomplished.

b. Connect the mstrument through a Varisc tou 115
volt, 60 Hz, power fine with a wattmeter or am-
meticr in series between the Variae and the instru-
ment. Sct the Varfae output to zero. Set the front

puanel controls as follows:
[]

POWER OFF

VOLTAGE RANGE 160

TRIP 1000

VERNIER Maximum Clockwise

CURRENT LIMIT
Reuadout Dials

Maximum Clockwise
50.00000

c. Sct the POWER switch 1o STDBY/RESET and
stowly increase the output of the Variac to 115
volts. The CURRENT LIMIT and center decimal
lights sheuld come on and the time delay relay
{AO-KZ001) should operate. The wattmeier should
indicate 30 1o 40 watts power drain,

4-73.  Auxiliary Supply Voltages

4-74.

ter reference voltape and the series pass clement volfage.

This procedure checks out the bias voltages, mas-

a. Using the Model 895A  differential voltmeter,
mecasure the voltage between the test points tisted
in Tablc 4-15 and the +SENSE terminal, which is
COMINON.

b. Where indicated, perform the adiustment 1o deter-
mine that it can be made. These should be re-
checked during calibsation of the instrument.

4-75.  Unijunction Oscillator and Chopper
Amplifier
4-76. UNIIUNCTION OSCILLATOR. This check ves-

ifies operation of the unijunction oscillator and the flow of
crror signal  through the chopper amplifier, differential
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ASSEMBLY PIN VOLTsS DC
Auxiliary Power Supply 10 231027
Auxiliary Power Supply 9 14 to -16
Current Limiter 1 -33 to -39
Current Limiter 3 33t 39
Range Cal Test Points 14,9 10 15,1 D
Reference Supply Coliector Q1 26 to 3b D
Series Pass Collector 18 Approx, 140
Rear bulkhead power Yellow jead 650 10 725

resistor, 100 kilohms

Adjustable to 25 volts £10 mV with R9

Adijustable to 15.0 volts 10 uv with R9 on Reference Supply pch.
D Approximately 1 volt at turn-on, rising to 26 to 35 volts after 10 minute warm-up.

amplifier and series pass driver.

Table 4-15,

An oscilloscope s

required for this test.

4-77.

Connect the oscilloscope with a 10X isolation
probe between pins 14 (common) and 15 (input)
of the Series Pass P/C Assembly, Set the oscillo-
scope sweep speed to | milliseconds/cm and verti-
cal sensitivity to ¥ volt/em. '

Set the POWER switch to STDBY/RESET. Posi-
tive going pulses of 1.0 1o 2.0 volts peak-to-peak
should be observed.

CHOPPER AMPLIFIER.  This procedure checks

the alignment and response of the Chopper Amplificr in
the 335D, An oscilloscope and a general purpose supply are
required for this test. To check alignment:

Install the Chopper Amplifier assembly on the ex-
tender card. Connect an oscilloscope to the hase
of Q3 on the Chopper Amplifier Board, The scope
common should be connceted to Pin 13 of the card
connector. Connect a clip fead between Pin 6 and
Pin 12 of the input connector,

Turn the POWER switch to STDBY/RESET. Turm
the CHOPPER DRIVE ADJUST {R43} to muxi-
mum clockwise.  Turn CHOPPER COMPENSA-
TION ADIUST 1o maxamum clockwise.

Adjust CHOPPER COMPENSATION ADJUST
(R34} for minimum pulse amplitude. The total
sdjustment rangs of R34 should provide @ posttive

REFERENCE AND AUXILIARY VOLTAGES

and negative pulse swing. I this is not satisfied,
cut the jumper across R33 and aguin adjust R34,
When correctly adjusted, R34 will reduce the
positive spike at transition point to zero.

Alternately adjust R43 counter-clockwise and R34
as necessary to obtain maximum squarencss of the
chopper waveform without a spike at the
transition point. When correctly adjusted, wave

form should appear as shown in Figure 4.9,

!4——————*—4 MSEC

—] =4V

4:.NSITION
POINT

[

4-78.

Figure 4-9. CHOPPER WAVEFORM

Reptace the chopper hoard in the instrument
Tocheck amplifier response:

Conpect the oscilloscope with- a 10X isolation
prohe hetween Pins 14 {common) and 18 {input)
of the Scries Pass P/C Assembly. Set the oscillo-
scope sweep speed o | millisccondsfem and verti-
cul sensitivity 1o | volt/em.
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b. Set the POWER switch to STDBY/RESET. Posi-
‘  tive going pulses of 1.0 to 2.0 volts peak-to-peak
should be observed.

c. Set POWER switch to OPR position. The pulses
observed in step b. should disappear.

d. Set the output of a laboratory power supply to
5.5V dc.

e. With 335D POWER switch in OPR position,
connect the lab supply to the corresponding
OUTPUT terminals of the 335D.

f. Set 335D controls as follows and observe uni-
junction pulses: _

Range Dialed Voltage Unijunction Pulses
1av 5.000000 Should appear
10V 6.000600 Should disappear
Y 05.00000 Should appear
00V 06.00000 Shouid disappear
1000V 005.0000 Should appear
1000V 0060000 Should disappear

4-79, Pre-Regulator

This check verifies operation of the Pre-regulator circuitry
Q1 through Q8. An oscilloscope and power line isolation
adapter are required for this test.

4.24

Set the POWER switch 1o OFF.
Regulator P/C Assembly.

Install the Pre-

Set the instrument front panel controls as follows:

POWER OFF .

RANGE 1000

TRIP 1000

VERNIER Maximum Clockwise

CURRENT LIMIT Maximum Clockwise
Connect the oscilloscope power plug to the a¢ line
via a line isolator (two-to-three wire adapter). The
oscilloscope must be operated ungrounded when
observing pre-regulator waveforms.

Connect the osciloscope common 10 the emitter
of Ql and connect, the input to the base.
(Q1 is the stud-mounted power transistor). Set
the vertical input to dc, sweep speed to ] milli-
secondfcm and the vertical sensitivity to 0.5
volt/em.

Set the readout dials to 50.0000 and the POWER
switch to STDBY/RESET. The oscilloscope wave-
form should appear as shown in Figure 4-10.

Set the POWER switch to OPR. The oscilloscope
waveform should appear as shown in Figure 4-11,

Set POWER switch to STDBY/RESET andremove
oscilloscope connections. Bypass the interlocks.

Set POWER switch to OPR. Voltmeter 335D
should indicate 50210 volts.

Set RANGE switch to 10 volt range. Voltmeter
should indicate 5 £1 volt.

0.5 V/CM

iMS/CM

Figure 4-10. PRE-REGULATCOR Q1, WAVEFORM

ON STOBY/RESET

0.5 MV/CM

1 MS/CM

- 4. . 4 —- £ 4 4

Figure 4-11. PRE - REGULATOR Q1, WAVEFORM

ON OPR
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i. Set RANGE switch to 1000 volt runge. Voltneter
shoutd indicate SO0 +100 volts.  Set POWER LINE VOLTAGE =115V AC, 60 H:
switch to OFF. - 4+ 4

o e s = —— g

i- Connect the oscitloscope across the 50 watt zener

TRTIRIERENTA!

diode on the pre-regulator assembly.  Connect ™,
Oscilloscope “positive”™ input to cathod, connect
“negative” input 1o the snode” use a 10X probe.
Connect output to load box.

12N AL NAR N REL

i
-:/
i

[

-
T
-
-

L.
b
———
e

134t sivblssdodidbl 3 L
FOATTRITRIdR TS I

50V/CM

. Set decades for 1100 volt output, set POWER AU Y I R
switch to OPR, and set CURRENT LIMIT to S s s ol
60 mA.

T
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¥
]
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I
i
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<
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L A INTTRI SIS AT Y
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i, Set oscilloscope sensitivity te S0V cm and sweep
speed to 2 msfem.

m. Sct line voltage to 115V ac, 60 Hz. The waveform LINE VOLTAGE =100V AC, 60 Hz

obscrved on the oscilloscope should appear as in T T T T
Figure 412A and should not exceed 150 volts
peak.

- e -y e -

144 nu::lul
LA SRR R

ododech Py
VETTEINART

n. Set dine voltage to 100V ac, 60 Hz. The waveform
observed on the osclloscope shoutd appear as in
Figure 4-12B.

-4

50V / €M
2N
/

(

/

C

Lithiotidbbiddl

o. Set line voltage 1o §30V ac, 60 Hz. The waveform

2+

b S ERR RIS ERENEERD]

observed on the oscilloscope should appear as in
Figure 4-12C.

M
=
v

p. Remove vscitloscope connections.
. LINE VOLTAGE =130V AC, 60 Hy
4-80. Series Pass Element /\ - N\
N - ' ~

50V /CM

X i ol .
-
oy
il
[ TUBIEN AR RN A s EAUNUESRIINA RN

A HH
4-81.  If the procedure has bees completed satisfactorily "
thus far, the main parts of the voltage control circuitry have -
been checked out excluding the Seres Pass P/C Assembiy. -,
A differential voltmeter and a load resistor box are re- C“ T T T T _E T T T T
quired for this test. IMS/CHM

Figure 4-12. WAVEFORMS ACROSS ZENER DIODE

a. Set the line voltage to 100V ac and set readout
dials to all zeros on 10 volt range. Connect a
voltmeter between the collector of QI and the

emitier of Q8 on the Pass Element assembly. This Line Voitage Limits
voltage should read less than 2V de. Range |Output] Load }, 0, 0 Across Q8
i Max.
10 0 0 100 45 120
b. Set the line voltage and 335D controls as in 10 0 0 0 130 45 120
bl 416 e {lae e et s . 1000 1100 {60 mA}f 100 42 55
Table 4-16 and lTlusuu the voltage beiween the 1000 | 1100 |60mA} 130 42 55
cotfector and emitter of Q8. The voltages should

be within the specified timits. Table 4- 16 SERIES PASS ELEMENT VOLTAGE CHECKS
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c. “Conncet the voltmeter across the OUTPUT termi
nals of the 335D. Set the 335D for the following
outputs on the 1000 volt range {100, 300, 600,
900, 1100 volts) and short the GUTPUT terminals
at each sefting. The output should return to
normal upon removal of the short,

4-82. Voltmeter-Nuil Detector

4-83.  The puipose of the troubke shooting chart, Table
4-17, and the figures following is to locate and correct us
quickly as possible any deficiency in operation of the volt
meter-null detector portion of the instrument. The causes
and remedies of the more common troubles are listed in the
troubleshooting chart, Table 4-17. Waveforms useful for
troubleshooting are given in Figures 4-13 through 4-18,

SYMPTOM PROBABLE CAUSE

FAULT 1ISOLATION PROCEDURE

Blows fuses. Short circuit across

secondary of T1

Defective ABAICR 1
through AGA1CR4

Test for short circuit between pins 11 and 12,

Measure voltage of C1 {A6A1). Should be 10.5 volts.
If near zero, repface CR1 through CR4, as necessary.

Photo Modulator Defective Q1 or
inoperative, . Q2
{Meon lights out)

Qpen winding on
ABT1, or open C2.

No drive to necn
lamps DSt and DS2

if voltage across C1 is less than 7 volts, replace Q1 and/for Q2

Waveform at AGA1T1, pin 1 should agree with Figure 4-13.
H square wave is absent, AGATT1 or C2 is defective.

A square wave of over 200 volts peak-to-peak should be
present between pin 9 of ABA1TY and the GUARD ter-
minal. if not, ABA1T 1 may be defective,

Meter movement
inoperative,

Dead meter.

Defective auxiliary

Check meter with an chmmeter. Pane! meter should peq.

Measure voltages at ABA1, pin 2 and ABA1, pin 3. !f one

h)

supply,

voltage 15 near zero, check the associated diode and capacitor,
If both voltages are zero, ABA 1T 1 is defective.

~ Meter pegs or
wanders.

Meter mechanicalty
stuck,

Detfective amptifier

Using an oscitloscope with de coupling, measure waveforms

at junction of ABAZR22 and R24. f waveforms agree with
Figure 4-14, check Q11, Q12, 09, Q10, Q7, and OB by replace-
ment. If waveforms are not correct, then check the following:

(a}  Waveform at junction of ABA2R22 and R24 looks more
like waveform at coflector of Q5, Figure 4-15: Q6 is open

bl No change i waveform at junction of AGA2 R?2 and R24
as ZERQ control is rotated: R1is shorted, base of Q1 is
shorted, V1 or V2.is shorted.

{c)  Waveform at junction of A6A2 R22 and R24 looks like a -

square wave. Measure waveform at coliector of Q5. If
sguare wave disappears and waveform at collector of 5
iscorrect, C12 is shorted, If waveform is not correct,
remove 04 and measure wavelorm at coltector of Q3,

4-26
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SYMPTOM

PROBABLE CAUSE

FAULT ISOLATION PROCEDURE

continued

Defective amplifier

Figure 4-16. If square wave persists, short base of Q1 to
common. !f square wave disappears, remove short and
transfer short to R4, C4, and V1 junction. !f square wave
returns, a photocell is defective, or C4 is shorted. If square
wave does not return, move the short to the end of R1 that
connects to SENSITIVITY switch. if signal reappears, CR1
or CR2 is defective. |f square wave does not reappear, the
SENSITIVITY switch is defective.

{d) Nosignal at junction of ABA2 R22 and R24. If there is
afso no signal at collector of O5, QB is probably shorted.
if Q6 is satisfactory, measure waveform at collector of Q3.
if there is still no signal, C7, CR5, 01, 02, 0r Q3 is
defective.

Erratic or
unstable condition
when measuring a
voltage or

zerping instru-
ment,

56
Erratic Contact.

Replace or burnish contacts with crocus cloth,

J Meter deflects
in one direction,

Open winding on ABATTZ,

defective 13, Q4, O5,

Check and replace as necessary

are low on high-
sensitivity.

cig

only. or 08.

Slower response Leaky C6 Test and replace if necessary.
in negative

direction.

Measurements Shorted C17 or

Test and repiace if necessary

Poor stability.

Defective CR5,

Repiace if necessary.

Noise on 10 uV
range,

Dirty or defective
Qt, or defective
Q2

Measure waveform at collector of Q3. Figure 4-17 waveform

shown is normal. Additional noise at collector 03 is due to

dirty or defective Q2. Remove Q11 and Q12, and apply an

input of 10 mv with sensitivity at 10 uv. Observe waveform at

smitter of Q3. For waveform shown in Figure 4-18:

{a}l  Excessive noise can be caused Dy poor positioning of
neon lamgps,

{b)  Smaller waveform can be caused by slow response of
photocetls; if so, reptace celis,

Table 4-17. TROUBLESHOOTING (SHT 20F 3)
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SYMPTOM

PROBABLE CAUSE

FAULT ISOLATION PROCEDURE

Unguarded leak-
age poor.

Dirty grommets.

Leakage in ABA1T1 or
ABAIT2.

Clean grommets,

Test and replace if necessary.

Guarded teakage
poor.

Leakage in ABAIT? or
ABATT2, or pins touching
circuit board,

Contaminated binding
posts.

Test and repair as necessary.

Clean binding posts.

Poor overload.

Defective R1, CR1, CRZ,
C2, C3, or C4{ABAT).

Test and replace as necessary.

Table 4-17.  TROUBLESHOOTING (SHT 3 0F 3)

5V/CM

=
L. P — P o 4 - — - - ol 9“ - — —— e - - —
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e.! 4 & tixilL .xi |4 3111
¥ ¥
A A D Iy
2ZMS/CM ' EMS/CM
INPUT SHORTED —~ ZERO CONTROL CENTERED

Figure 4-13. WAVEFORM AT PIN 1 OF ABA1T1

SV/ICM

INPUT SHORTED — ZERQ CONTROL CENTERED
— SENSITIVITY 10uv

S ST Sl AN S N S N R N S
[}
]
= %
AN I I O A 2 e s s INPUT SHORTED 5Ms/CM
BMS/oM ZERC CONTROL FULLY CLOCKWISE —

SENSITIVITY 10uv

Figure 4-16. WAVEFORM AT COLLECTOR OF 05 Figure 4-14. WAVEFORMS AT EMITTER OF Q8
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EMV/CM

5MS/CM

INPUT SHORTED — ZERO CONTROL CENTERED -
a4 REMOVED — SENSITIVITY 10uV

2MV/ICM

INPUT SHORTED — ZERO CONTROL SHORTED —

SENSITIVITY 10uV

SMS/CM

Figure 4-16. WAVEFORM AT COLLECTOR OF Q3 —
04 REMOVED

Figure 4-17. WAVEFORM AT COLLECTOR OF Q3

200uV/CM

1L 1L L I A
........... .. " Ve
;'

_EE .M 3
) ZMS/CM

INPUT OF 10MV ON 10uV RANGE

Figure 4-18. WAVEFORM AT EMITTER OF 03
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