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ADDENDA FOR 220/234 VOLT UNITS

NOTE: This instrument is built for operation at 117/220/234 volts, 50 or 60 cycles.
The transformer in this unit is connected for 3 2. O volts.

In this instruction manual all references to 117 volts, 60 cycles do not apply.

~ Consult the schematic diagram in the rear of the manual for instructions to reconnect
for other voltages.
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SECTION 1|

INTRODUCTION AND SPECIFICATIONS

1-1. GENERAL

a. The Model 803 AC-DC Differential Voltmeter has
enjoyed wide acceptance in the field of voltage measure-

. ments. The high accuracy, portability, and compactness

of the 803 make this instrument ideal for almost any
application. Ease of operation and high reliability con-
tribute to the outstanding performance which makes the
803 a universally accepted instrument.

b. The heart of the 803 is a precision 500 V DC ref-
erence power supply. This 500 volts can be precisely
divided into increments as small as 10 microvolts by
means of five voltage dials. Unknown AC or DC vol-
tages are matched against the precise internal voltage
until no deflection occurs on the panel meter. The un-

1-2. SPECIFICATIONS

known voltage is then simply read from the voltage dials.
In the highest null sensitivity range, potential differences
between unknown and reference voltage as small as 0. 01
volts will cause full scale meter deflection.

¢. At null, the 803 presents an infinite input imped-
ance to the voltage under measurement, thereby com-
pletely eliminating circuit loading.

d. The instrument may also be used as a conventional
VTVM or as a megohmmeter.

e. The Model 803 has been thoroughly checked and
tested prior to shipment, and is ready for immediate
use. Upon receipt, inspect carefully for any damage
that may have occurred in transit. Refer to the war-
ranty page at the back of this manual if shipping damage
is evident.

Following are the specifications of the Model 803.

Input Recommended Input
Voltage Null Impedance
Range Range At Null

DC:
50-500 10-0-10 Infinite
1-0-1 T
5-50 1-0-1 "
0.1-0-0.1 "
0.5-5 0.1-0-0.1 "
0.01-0-0.01 "
0-0.5 0.1-0-0.1 "
0.01-0-0.01 v
AC:
50-500 10-0-10 1M, 25 uuf
1-0-1 "
5-50 1-0-1 "
0.1-0-0.1 "
.05-5 0.1-0-0.1 "
0.01-0-0.01 "

Resolution:
Input Dial Meter
Voltage Resolution Resolution
Range (Volts) (Volts)
DC:

50-500 0.01 0. 005
5-50 0.001 0. 0005
0.5-5 0. 0001 0. 00005
0-0.5 ¢. 00001 0. 00005

AC: -

50-500 0.01 0. 005
5-50 0. 001 0. 0005
0.05-5 0. 0001 0. 00005

Accuracy:

DC: 10.05% of input voltage from 0.1 to 500 V
0. 1% of input voltage or 0. 00005 V, which-
ever is greater from 0to 0.1 V.

AC: 10.2% of input voltage from 0.5 to 500 V,
reduced accuracy from 0.05to 0.5 V.
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VACUUM TLBE VOLTMETER GENERAL SPECIFICATIONS

Voltage Ranges: Reference Stability:
+0. 01% maximum for 105 to 130 VAC line.
Insut +0, 01% per hour after 30 minute warmup,
Vol age Input
Raige Impedance AC to DC Converter Frequency Response:
30 CPS to 10 KC.
DC: +5)0 10M
ig" }gx Input Power:
105 10M 175 watts at 117/234 volts, 50/60 cycles.
£100% 10M
+1 * 10M Size:
+0. 1% M Cabinet Model - 13" H x 9-3/4" Wx 16" D,
0. 01* 1M Rack Model - 8-3/4" H x 19" W x 17-5/16" D.
: -t 2
AC: g_{ 00 1M, : 5 wuf Weight:
0-f " Cabinet Model - 30 pounds.
0-100* " Rack Model - 38 pounds.
0-10% "
0-C.1* "
0-(.01* "

*Using Null Ranges.

Accuracy: +4%.
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SECTION 11
OPERATING INSTRUCTIONS

2-1., CONTROLS AND TERMINALS

The functions of the operating controls and terminals of
the Model 803 are listed below:

a, The OFF-ON-CAL switch controls AC line power
on cabinet model instruments., When placed in the CAL
REF position, the chopper amplifier output may be cali-
brated, and in the CAL ADJ position, the internal 500
V DC reference voltage is calibrated. On rack model
instruments, this switch is labelled OPERATE-CAL
and line power is controlled by a toggle switch.

b. The RANGE switch selects AC voltage ranges of
500, 50, and 5 volts, or DC ranges of 500, 50, 5, and
0.5 volts.

¢. The NULL switch is placed in the VTVM position
to determine the approximate value of the unknown vol-
tage prior to any differential measurements. The four
null voltage ranges of 10, 1, 0.1, and 0. 01 volts are
used when differential measurements are made. For
DC measurements, these ranges represent full scale
differences between the unknown voltage and the portion
of internal 500 V DC that is dialed up on the five voltage

" -dials. For AC measurements, the null sensitivities are

reduced on the 500 VAC and 50 VAC ranges as indicated
by the X100 and X10 null range multiplier adjacent to the
NULL switch, For exanple, on the 500 VAC range posi-
tion, the X100 null multiplier lamp would light, and the
maximum full scale voltage difference between internal
reference and unknown -would be 100 multiplied by the
0. 01V null range, or 1 volt. '

d.” A, B, C, D, and E voltage dial settings provide
an in-line readout of the amount of internal 500 V DC
necessary to null {(match) the unknown. Illuminated
decimal points adjacent to the voltage dials change as
the range of the instrument is changed.

e. ZERO controls are provided for calibrating the
VITVM-10V-1V null ranges and the 0.1V-0. 01V null
ranges.

f. The positive input binding post is isolated from
the chassis of the instrument, and the negative post is
shunted to the chassis with a 1 UFD capacitor. Either
post may be grounded or both may be "floated" from
ground; however, since the instrument is equipped with
3-wire line cord with the third wire fastened to the
chassis, the external circuit should be checked to avoid
conflicts in grounding.

g. The ADJ CAL potentiometer controls calibration
of the 500 V DC reference supply when the ON-OFF-CAL
switch is in CAL ADJ position.

2-2, PRELIMINARY OPERATION

The following procedure prepares the 803 for operation,

a. Connect the power plug to an AC power source.
The instrument is wired to operate on 117 VAC. Note
on the schematic diagram that 220 VAC or 234 VAC
operation is possible by rewiring the primary of the
power transformer, and substituting a 1.5 Amp. line
fuse.

b. Turn the RANGE switch to the 500 V DC position.

¢. Turn the NULL switch to the VIVM pos ition.

d. Turn all voltage dials to zero.

e. Place the instrument in operation by turning the
OFF-ON-CAL control to ON. On rack models, turn the
line power toggle switch to ON. The decimal lamp will
light, indicating power is applied.

f. Allow a warmup period of at least ten minutes.

g. Adjust the VIVM-10V-1V ZERO control for zero
meter deflection.

h. Turn the OFF-ON-CAL switch (OPERATE-CAL
on rack models) to the CAL REF position and adjust the
0.1V-0. 01V ZERO control for zero meter deflection.

i. Advance the switch against spring tension to the
CAL ADJ position, and calibrate the internal 500 V DC
reference supply by zeroing the meter with the ADJ CAL
control.

j. Return the switch to the ON position (OPERATE
position on rack models). The instrument is ready for
use.

CAUTION
For personnel safety, the instrument is
equipped with a 3-wire line cord so that
the chassis will be grounded. Do not con-
nect either binding post to the chassis ground
post unless the circuit under test has been
checked for conflicts in grounding.

2-3. MEASUREMENT OF DC VOLTAGE

a. After completing preliminary operation, connect
the unknown voltage to the input binding posts with the
range switch in the 500 V DC position. With the NULL
switch in the VTVM position, the approximate value of
the unknown will be indicated on the top meter scale.
If the meter reads to the left, the polarity of the unknown
voltage is opposite to the polarity of the instrument input,
and the connections should be reversed.

b. Turn the RANGE switch to the lowest DC range
which will give an on-scale reading and observe the ap~
proximate value of the unknown voltage.
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c. Observe tie position of the decimal light, and set
the five voltage dials to the approximate voltage deter-
mined in step b For example, if the approximate vol-
tage is 3.5 volts, turn the A dial to 3, B dial to 5, and
C, D, and E dils to zero.

d. Turn the I 'ULL switch to the 10V position and ad-
just the voltage dials for zero meter deflection.

e. Turn the M ULL switch to the 1V, 0.1V, and 0. 01V
positions, adjusting the voltage dials for zero meter
deflection in ea:h position.

f. Read the inknown voltage directly from the five
voltage dials.

2-4, MEASURIIMENT OF AC VOLTAGES

a. After comy leting preliminary operation, place the
RANGE switch :n the 500 VAC position.

b. Connect the unknown AC voltage to the positive and
negative binding posts.

¢. Proceed ir the same manner as in measurement
of DC voltage, :tep b and on.

2-5. MEASUREMENT OF VOLTAGE EXCURSIONS
ABOUT A NOMINAL VALUE

a. After com)>leting preliminary operation, set up
the nominal voliage on the five voltage dials.

b. Turn the RANGE switch to the correct AC or DC
position.

c. Connect the voltage under measurement to the in-
put binding post: .

d. Turn the N JLL switch to the position which allows
the voltage excu sions to remain on-scale. The NULL
switch settings indicate full scale right and left meter
deflections, except when the RANGE switch is set in
the 500 VAC or i0 VAC positions. In these cases, the
full scale excursions are equal to the NULL range setting
multiplied by th:: X100 or X10 factor indicated by the
NULL multiplie:* lamps.

2-8. USE AS A CONVENTIONAL VTVM

H it is desired t:+ use the instrument as a VTVM only,
the NULL ranges may be converted to VTVM ranges by
setting the voltase dials to zero. Proceed as follows:

a. Perform preliminary operation procedures stated
in paragraph 2-2.

b. Consult figire 2-1 and select full scale voltage
deflection desirel. If the approximate value of the vol-
tage to be measured is unknown, select the 500V range
initially.

c. Set RANGE ;witch, NULL switch, and voltage dials
as indicated for the range selected.

d. Connect the voltage to be measured to the input
binding posts. Ieiflection to the right indicates same
polarity as bindii g posts.

e. Read voltag: from upper or lower scale as listed
in figure 2-2,

2-7, MEASUREMENT OF HIGH RESISTANCES

One of the impor ant features of the Model 803 is the
ability to be used as a megohmmeter for high resistance
measurements {from 1 to 500, 000 megohms. In this
application, conrect the minus input terminal to the
chassis ground pcst and use short isolated leads to the
unknown resistan e to prevent measuring leakage re-
sistance of the le:ids. Proceed as follows:

2-2

a. Perform the preliminary operation procedure.
For resistances over a range from 1 to 500 megohms,
set RANGE switch to 500 V DC, NULL switch to 10V,
and adjust voltage dials for full scale deflection with
the unknown resistance connected to the input terminals.

Subtract 10. 00 from the dial reading for the resistance -

of the unknown in megohms.

b. For resistances over a range from 500 to 5000
megohms, set RANGE switch to 500 V DC, NULL switch
to 1V, and adjust voltage dials for full scale meter de-
flection. Subtract 1. 00 from the dial reading and mul-
tiply the result by 10 for the resistance of the unknown
in megohms,

c¢. Between 5000 and 500, 000 megohms, the resis-
tance is calculated from the following formula:

Ry = 10 (E -1), where
Em
Ryx = unknown resistance in megohms
E voltage indicated by voltage dials
Emn* meter reading from 0 to 1V on the bot-
tom meter scale {1V null range)
10 = megohms input resistance of the VIVM
circuit in the 1V null range
Set the RANGE switch to 500 V DC, NULL switch to the
1V range, and adjust the voltage dials for a convenient
meter deflection. Substitute the meter reading in volts
and the voltage dial setting in volts into the equation to
obtain unknown resistance.

2-8. USE GF THE 803 WITH A RECORDER

Recorder output binding posts and level control are pro-
vided on the rear of the 803 for monitoring the excursions
of an unknown voltage from the voltage indicated by the
dial settings. The leakage resistance between the re-
corder and ground must be greater than 500, 000 meg-~
ohms or the accuracy of the 803 will be impaired. The
John Fluke Model A-70 Potentiometric Recorder (manu-
factured by the Texas Instrument Co.) is recommended
for this application. Set up the recorder as follows:

a, Connect recorder input terminals to 803 output
terminals with teflon leads.

CAUTION
Do not ground either of the recorder output
terminals to the chassis of the 803. It is
possible that the 1/200 ampere fuse at the
output of the Kelvin-Varley divider will be
blown,

b. After connecting the recorder, perform preliminary
operation,

¢. Check for excessive leakage by connecting a stan-
dard cell to the 803 and measuring the EMF. Then al-
ternately connect and disconnect the recorder leads at
the rear of the 803. More than 1/4 small scale division
deflection of the 803 indicates excessive leakage has
been introduced by the recorder, and 803 accuracy will
be impaired, If less than 1/4 division, make another
check by setting the RANGE switch to 500 V DC, NULL
switch to 1V, and all voltage dials to zero. Zero the
instrument with the VIVM-10V-1V control, then set
the voltage dials to 400. 00. A properly operating 803
will deflect less than 1/4 small scale division with the
recorder leads disconnected. If more than 1/4 division
deflection occurs with leads connected, accuracy will
be impaired.
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d. When leakage checks have been completed, short
the input terminals of the 803.

e. Turn the RANGE switch to the 50V position, NULL
switch to the 10V position, and dial up 10. 600 volts.
The meter will deflect full scale, giving a maximum
output at the recorder terminals of 15 millivolts.

f. Turn the GAIN AIMJ potentiometer adjacent to the
recorder terminals for the recorder deflection that is
desired to correspond to full-scale 803 deflection.

g. Remove the short from the 803 input terminals.
The 803-Recorder combination is ready for use. Pro-
ceed as instructed under paragraph 2-5.

2-9. NOTES ON MEASURING AC AND DC VOLTAGES

a. When selecting the AC or DC range of operation,
always use the lowest range that will give an on-scale
reading with the NULL switch in the VTVM position.
This will assure that the maximum number of Kelvin-
Varley voltage dials will be used, providing the best
accuracy. For example, when measuring 3. 52 volts,
set-the RANGE switch to the 5 V DC position and use
all 5 voltage dials, rather than the 500 V DC position,
where only three dials could be used.

b. Any NULL range may be used at any input voltage.
However, it is recommended that the 10V and 1V null
ranges be used for voltages higher than 50 volts; 10V,
1V, and 0. 1V null ranges are recommended between
5 and 50 volts. A badly fluctuating line voltage or an
unstable input voltage may cause meter rattle or erratic
movements if higher null sensitivities are used on these

voltage ranges,
c. AC components do not normally effect DC mea~

surements in the 10V and 1V null ranges. In the 0. 1V-

and 0. 01V null ranges, the filter network at the input
of the chopper-amplifier will attenuate the AC component.

wt

This filter has an attenuation ratio of 330 to 1 at 60
cycles. For example, a one-half volt, 60 cycle AC
component will be reduced to slightly over one milli-
volt. If large AC components are present on the DC to
be measured, and the 0.1V and 0. 01V (chopper-ampli-
fier) null ranges must be used, additional filtering is
required. If the AC is of a single frequency, a twin-T
filter is effective and has the advantage of low total ser-
ies resistance. If the AC is of variable frequency, an
ordinary low-pass filter may be used. In either case,
the capacitors used should be high quality units of high
leakage resistance.

d. When making measurements of negative DC voltage,
the positive binding post should not be connected to the
chassis binding post. This would place C101, a 1 MFD
capacitor, directly across the input. Since the chassis
binding post is connected to earth ground through the
3-wire line cord, this may happen inadvertantly if the
source of the voltage being measured has the positive
side grounded. When C101 is directly across the vol-
tage being measured, a small 60 cycle signal (50 milli-
volts or less) appears across this capacitor due to
slightly unbalanced capacitances between the power
transformer high voltage windings and the core. This
may affect the true DC reading, or the source under
measurement, or both. )

e. Use care when operating in the 0.1V and 0. 01V
null ranges. Do not inadvertantly apply several hundred
volis to the instrument with the RANGE switch set at
the 0.5 V DC position, as the chopper will be seriously
overloaded.

. When making AC measurements, the presence of
harmonics may have an effect on accuracy. Figure 2-2
indicates how accuracy will be affected by various har-
monics for different percentages of distortion.

Full-Scale Range Null A Voltage Meter
Deflection Switch Switch Multiplier Dials Scale
DC
500-0-500 500 V DC VIVM - No effect Upper
50-0-50 50 vV DC VTVM - No effect Upper
10-0-10 No effect 10 - All zero Lower
J 5-0-5 5vDC VTVM - No effect Upper
1-0-1 No effect 1 - All zero Lower
0.5-0-0.5 0.5V IDC VITVM - No effect Upper
0.1-0-0.1 No effect 0.1 - All zero Lower
0.01-0-0, 01 No effect 0.01 - All zero Lower
AC

500-0-500 500 VAC VTVM - No effect Upper
100-0-100 500 VAC 1 X100 All zero Lower
50-0-50 50 VAC VTVM - No effect Upper
10-0-10 50 VAC 1 X10 All zero Lower
5-0-5 5 VAC VIVM - No effect Upper
1-0-1 5 VAC 1 = All zero Lower
0.1-0-0.1 5 VAC 0.1 All zero Lower
0.01-0-0. 01 5 VAC 0.01 - All zero Lower

Figure 2-1. VTVM RANGES
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GERROR*
HA IMONIC % MAXIMUM MAXIMUM
DISTORTION POSITIVE NEGATIVE
0.1 0. 000
Any even harmonic 0.5 0.0001
1.0 0. 005
2.0 0. 020
Third harmonic 0.1 0.033 0.033
0.5 0.168 0.167
1.0 0.338 0.328
2.0 0. 687 0. 667
Fifth harmonic 0.1 0.020 0.020
0.5 0.101 0. 099
1.0 0. 205 0.195
2.0 0. 420 0. 380

*Erro * depends upon phase relationship between harmonic and fundamental for odd harmonics,
i.e. eror can be any value between maximum positive and maximum negative, including zero.
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SECTION 111
THEORY OF OPERATION

3-1. GENERAL

a. A functional schematic of the Model 803 is shown
following Section V. The functional method of circuit
representation is designed to aid the reader in discus-
sions of circuit theory and troubleshooting.

b. As seen on the schematic, the principle circuit
divisions are: 500 V DC reference power supply; Kelvin-
Varley divider; vacuum tube voltmeter (VTVM); chopper-
amplifier; converter, and converter power supply.

3-2. 500 V DC REFERENCE POWER SUPPLY

a. When the 803 is used in the differential mode for
voltage measurements, an internal precision DC vol-
tage is nulled or matched against the unknown voltage,
An extremely accurate reference voltage is therefore
required. This voltage is developed by the 500 V DC
reference supply, V1 through V8.

b. V1, (full wave rectifier) and the associated filter
network, supply raw DC voltage at approximately 1000
volts to the pre-regulator tube V2. Any change in the
output of the pre-regulator is felt at the grid of V3, the
cathode of which is clamped by voltage regulator V4.
The plate potential of V3, which is coupled to the grid
of V2, will change to correct the output of the pre-regu-
lator, which should be approximately 650 volts to V54,
the main regulator.

¢. The grid of the main regulator is driven by V5B,
which in turn is driven by differential amplifier V8.
Changes in the output of the main regulator are felt at
pin 2 (grid) of V8, Since the opposite grid (pin 7} is
clamped by voltage regulators V6 and V7, and the cath-
odes are tied together, V8 drives the grid and cathode
of V5B in opposite directions to change the grid potential
of V5A, correcting the main regulator output. The out-
put is maintained at 500 V DC +0. 01%.

d. Inthe 500 V DC position, the RANGE switch (S102E)
passes this 500 volts directly to the Kelvin-Varley di-
vider. Inthe 50 V DC, 5V DC, and 0.5 V DX positions,
range resistors controlled by S102F divide the reference
voltage to 50 V DC, 5V DC, and 0.5 V DC respectively.
In all AC positions of the RANGE switch, only 5 volts of
the reference supply is used, due to the fact that the
maximum output of the AC to DC converter is 5 volts.
This is explained in the discussion of the converter.

3-3. KELVIN-VARLEY DIVIDER

a. FEach one of the four precision voltages available
from the reference supply must be made adjustable
through a precision divider string so that unknown vol-
tages may be nulled or matched exactly. The five Kelvin-
Varley decade resistor strings accomplish this function.

b. Note that each string, with the exception of the first,
parallels two resistors of the string that preceeds it.
Between the two wipers of $104 {voltage dial "A") then,
there is a total resistance of 40K and a total voltage of
100 V DC, with the RANGE switch in the 500 V DC posi-
tion. Across the wipers of 5105, §106, and S107, there
are 10V DC, 1 VIDC, and 0.1 V DC respectively. $108
(dial "E") picks increments of 0. 01 V DC from the last
decade. These voltages are reduced by a factor of 10
for each lower range voltage.

c. All resistors of each decade are matched and all
decades are matched for each instrument, providing an
over-all divider accuracy of 0. 005%.

d. With the NULL switch in any null range, the output
of the Kelvin-Varley divider appears at the grid of one~
half of the VI'VM differential amplifier, V204B. A 1/200
ampere (5 milliampere) fuse protects this output.

3-4. VACUUM TUBE VOLTMETER (VTVM)

a. When operating in the differential mode, Kelvin-
Varley output voltage appears on the grid of V204B,
one-~half of differential amplifier V204. The unknown
voltage appears on the grid of V2044, the other half of
the differential amplifier. Any difference between these
potentials will be indicated by the meter which is coupled
between the cathodes of V204, When the Kelvin-Varley
output voltage exactly matches the unknown, the meter
will read zero and no current will be drawn from the
source being measured, because the same potential
exists on both sides of the input resistances R105 through
R109.

b. An 0.5 volt difference between potentials on the
grids of the differential amplifier will drive the meter
to full-scale deflection. As seen on the schematic, the
voltage division across R105, R106, and R107 will pro-
vide 0.5 volt difference to the differential amplifier grids
in the 10V null range if the actual difference between
unknown and Kelvin-Varley voltage is 10 volts; in the
1V null range, a different division of potential will pro-
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vide 0.5 volt t; V204 for a 1V difference between un-
known voltage wd reference voltage.

¢. Inthe 0.1V and 0. 01V null ranges, the chopper-
amplifier is us«d to provide the 0.5 volts necessary for
full-scale deflection of voltage differences as small as
0.1 and 0. 01 volt,

d. When use ] as a conventional VTVM, the grid of
V204B is conne: ted to the 0 volt buss, or negative bind-
ing post. With the range switch in the 0.5 V DC posi-
tion, the 0 to 0. 3 V DC unknown voltage appears directly
on the grid of V204A, and will indicate the approximate
value of the unknown. Input divider resistors R110
through R116 n aintain the 0 to 0.5 grid voltage range
for all instrumeit voltage ranges. The input resistance
of the instrumei ¢ in the VT'VM position is seen to be 10
megohms, the sum of R110, R112, R114, and R116.

¢. The choppear-amplifier is used during calibration
of the 500 V DC reference supply. With the OFF-ON-
CAL switch in the CAL ADJ position, a fixed percentage
of the reference supply is compared to the precise EMF
of the internal s andard cell. Any difference in potential
is fed to the chopper-amplifier and VTVM so that the
reference suprly may be adjusted by means of R119
(ADJ CAL potentiometer) to 500 V DC +0. 01%.

3-5. CHOPPEL-AMPLIFIER

a. Since the g-id drive to V204 must be 0. 5 volts for
full-scale meter deflection, a chopper amplifier is em-
ployed to boost the DC potential difference between the
unknown and int.:rnal reference, when operating in the
0.1V and 0. 01V null ranges.

b. The choppe *~amplifier is a fixed-gain device con-
sisting of V205 aid V206. A 60 cycle chopper modulates
any DC level aj pearing at the input. The resulting
square-wave is amplified and demodulated by another
chopper contact. The resulting DC gain is approximately
50. Therefore, f>r 0. 01 volts maximum input, the cutput
will be 0.5 volts. enough for full-scale deflection of the
VTVM. In the 0.1V null range, the input to the chopper
amplifier is sti 1 0. 01 volt for full-scale deflection,
because of the R108-R109 divider.

3-6. CONVERTER

a. All AC measurements are made by first converting
the AC input to a DC voltage. The converter provides
a maximum DC output of 5 volts for a maximum AC in-
put of 5V RMS. In the 5 VAC position, then, range
switch sections S102A and S102B couple the converter
amplifier input directly to the binding posts. In the 50
VAC and 500 VAC positions, input attenuators reduce
the unknown AC to provide a maximum of 5 VAC input
to the first converter amplifier.

b. Three stages of amplification are employed in the
converter, terminated at cathode follower V404. From
the cathode, full-wave negative feedback returns to the
grid of the first amplifier. Hali-wave rectification and

filtering of the cathode follower output result in a DC
voltage that is proportional to the RMS value of the AC
input up to 5 V DC.

¢. The over-all frequency response of the converter
is essentially flat from 30 CPS to 10 KC.

3-7. CONVERTER POWER SUPPLY

a. Plate and DC filament voltages for the converter
are developed in the converter power supply. V301 and
C301 provide unregulated DC to the plate of V302, the
series regulator for the 250 V DC plate voltage. Dif-
ferential amplifiers V303 and V304 correct the grid
potential of V302 as necessary to maintain the output at
250 V DC. V305 is the series regulator for the 140 V DC
converter plate supply, and is driven by differential
amplifier V306 to maintain a constant output.

b. The DC filament voltage is developed in a transis-
torized regulator circuit consisting of TR1, TR301, and
TR302. The base of TR302 is maintained at a fixed
negative potential by V309, a voltage regulator. Since
the filament voltage is negative, a decrease in the abso-
lute value of this voltage will cause the emitter and col-
lector of TR302 to become more positive. This change
is amplified by TR301, and the base of TR1 is driven in
a negative direction, causing more filament current to
be drawn through TR1. This will return the filament
voltage to its proper negative value.

¢. The same half-wave power supply (CR9 and C310)
that develops a negative voltage for base bias of TR302
is used to light the decimal and null multiplier lamps.



SECTION 1V
MAINTENANCE

4-1. GENERAL

Maintenance of the Model 803 is seldom required. Pre-
ventive maintenance consists only of keeping the interior
and exterior of the instrument clean as discussed in
paragraph 4-2, A troubleshooting chart, component
location diagram, tube voltage chart, and a discussion
of troubleshooting is provided in paragraph 4-3, Para-
graph 4-4 outlines the equipment and procedures neces-
sary to calibrate the 803.

4-2, PREVENTIVE MAINTENANCE

a. The 803 is extremely sensitive to the slightest
amount of electrical leakage from the VI'VM channel to
the 0 volt buss, particularly from the input grid (pin 2)
of V204, This leakage becomes evident when the vol-
tage dials are set to a high voltage with the NULL switch
in any null range, and no input at the binding posts.
Less than 1/4 small scale division of leakage should be
indicated on the meter. Accumulations of dust and
foreign matter will cause internal leakage, and should
be removed as often as necessary, depending on en-
vironmental operating conditions. Most accumulations
can be removed by blowing the instrument out with low
pressure, clean, dry air. Particular attention should
be paid to the two plexiglass sirips which insulate the
VTVM printed circuit board from the metal chassis, the
binding posts and wiring, and the ceramic NULL and
RANGE switches.

b. After blowing the instrument out, wipe the plexi-
glass strips with a clean, dry, rag. If necessary, use
a rag saturated in Metriclene Solvent M-4, manufactured
by the John B, Moore Corp., Nutley, New Jersey. The
NULL and RANGE switches may also be cleaned with
a brush dipped in this solvent. After washing, recoat
the ceramic surfaces of the switches with a 10% solu-
tion of Dow Corning 200 Fluid (100 viscosity grade) in
Metriclene., This prevents moisture from collecting
across the ceramic surfaces.

¢. When cleaning the binding post, insulators and
front panel, do not use Metriclene Solvent. Use only
denatured alcohol and a clean cloth, as the insulator
material is slightly soluable in Metriclene.

d. If necessary, lubricate the detent mechanisms and
shaft bearings of the switches sparingly. In no case
should lubricant be applied to switch wafers, as leakage
will result.

4-3. TROUBLESHOOTING

a. Failure of the 803 to operate properly is usually
traced to failure or aging of one or more of the tubes
to the point where they can no longer operate satisfac-
torily in the circuit. The schematic diagram and the
circuit description in Section III should be reviewed
before attempting to troubleshoot the instrument. The
schematic is layed out in a functional manner with left-
to-right signal flow in general.

b. When it becomes necessary to replace one or more
tubes, it must be realized that certain tubes in the 803
perform critical functions, and replacements must be
selected. Such tubes are the following:

{1) V8is a high-mu dual triode, type 12AX7, used
as a differential amplifier. Some replacement tubes
may have poor balance between halves causing poor
regulation against line voltage in the 500 V DC reference
supply. Check for this by allowing 5 minutes for tube
to heat and then varying-line voltage from 105 to 130
volts and checking reference supply output voltage with
another Model 803 or 801, The 500 volts must not-change
by more than 50 millivolts (0. 01%) over this range of
line voltage. If regulatim exceeds this figure, discard
tube in favor of another. Such discards may work very
well for V206 in the chopper amplifier since it is an AC
coupled amplifier not dependent upon the DC tube char-
acteristics for proper performance.

{2) V204 is a medium-mu dual triode used in a cathode
follower type VI'VM circuit. The two requirements of
V204 for satisfactory performance are good balance
between halves and low grid current. These can be
checked by setting RANGE switch to 500 V DC, NULL
switch to 1V and all five voltage knobs to zero. Allow
a few minutes for tube heating and then check for ability
to zero meter. At zero, the VTVM-10V-1V zero kncb
pointer should lie within £+90° of vertical. If outside
these limits remove tube and try another, If okay, vary
line voltage from 105 to 130 VAC and check stability of
meter zero. Meter should not offset more than +4%.
(2 small scale divisions). If excessive offset exists,
check the heater voltage to determine whether the 9-7
ballast tube is functioning properly. Heater voltage at
117 VAC line should measure between 5.5 and 6.5 volts
and should change less than 0,5 volt for a line voltage
change from 105 to 130 volts. If outside these limits,
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Figure 4-1. COMPONENT LOCATION

replace the 9-7. If the ballast tube is functioning prop-
erly but the meter offset exceeds 2 small scale divisions
for a 25 volt change in line voltage, discard V204 in
favor of another tibe with better balance. To check for
excessive grid current in V204, set RANGE switch to
500 Vv DC, NULL switch to 1V, the five voltage knobs
to zero, and linc voltage to 117 volts. Zero meter,
then short the injut binding posts. Meter offset must
not exceed 1/4 of one small scale division; if it does,
replace V204,

(3) V401 is a sharp cutoff pentode used as the first
stage of the converter three stage feedback amplifier.
It is important thet this tube not be microphonic to pre-
vent meter rattle when measuring AC voltage.

(4) Replaceme 1t of V206, the 12AX7 chopper ampli-
fier tube should b2 made with one which is not micro-
phonic. The Wesiinghouse type 12DF7 is a low micro-
phonic version of the 12AX7 and may be used if desired.
A microphonic or otherwise noisy tube may cause meter
rattle in the 0. 01 and 0.1 volt null ranges, Another
possible source «f meter rattle in these ranges is a
defective OB2 (V203).

¢. Figure 4-1 is a component location diagram showing
the location of all tubes. Figure 4-2 gives the pin vol-
tage of all tubes as an aid to troubleshooting. Figure 4-3
is a troubleshootir g chart that documents the cause and
remedies for the nwost common symptoms of instrument
malfunction,

d. The standard cell of the 803 deserves special con-
sideration if it is suspected of being faulty:

(1) The stand:rd cell used in the Model 803 is an
Eppley type MIN 1. This is a miniature low hysteresis
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unit which has excellent long term stability and negligible
temperature hysteresis. (Hysteresis is a temporary in-
crease in EMF immediately following a decrease in
temperature; this effect should not be confused with
temperature coefficient). Under normal conditions this
cell should last from 8 to 15 years. In rare instances,
failure has occurred in less than 2 years. End of life
is usually marked by an increase in temperature hystere-
sis effect. That is, reading errors inexcess of 0, 05%
will result when the same voltage is read with the 803
hot and cold. Should replacement of the cell become
necessary for any reason, the instrument must be re-
calibrated (basic 500 volt range only), since the EMF of
different cells may be different by as much as 0, 05% and
each instrument is calibrated to its own particular stan-
dard cell. Refer to the recalibration instructions in this
case,

(2) Failure of the standard cell may occur if subjected -
to below freezing temperature. The electrolyte will
freeze at -17°C and operation below 00C is definitely not
recommended. The life of the cell also will be greater
if the 803 is not operated at elevated temperatures. The
8 to 15 year figure holds for operation of the instrument
in normal room temperature.

(3) The EMF of the standard cell will change if the
cell has been inverted, or if the cell has been inadver-
tantly short-circuited. If the EMF has changed, the 803
will naturally be out of calibration on all ranges. In
either case, the cell will return to its original EMF.
If the cell were inverted or shorted for only a few seconds,
the 803 should be able to measure voltages within speci-
fications after several hours recovery time.



TUBE VOLTAGE CHART*

Symbol & Type Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 Pin 9
a-¢ a-c
Vi, 5Y3GT 0 1000 0 800 0 800 0 1000 -
V2, 6AQ5A 620 660 660 660 1000 1000 630 - -
V3, 6AU6 146 150 150 150 630 280 150 - -
v4, OA2 150 0 0 0 150 0 0 - -
; <00
V5, 12AU07 660 488 500 500 500 500 400 420 500
v6, 0G3 170 85 170 g 170 22 85 - -
V1, 0G3 85 0 85 0 85 3.6 0 - -
V8, 12AX7 420 170 170 170 170 410 170 170 170
V9, 9-7 0 170 0 0 0 0 170 - -
v2o1, 9-7 108 0 0 0 0 108 0 o ——
V202, OA2 150 0 0 0 150 0 0 - -
V203, OoB2 108 0 0 0 108 0 0 0 -
. a-¢ a-c -G
V204, 12AU7 108 0 6 6.3 6.3 108 0 6 6.3
a-c a~C
V205, 6C4 101 0 6.3 6.3 100 0 6.3 - -
a-C a-c a-c
V206, 12AX7 85 -.71 .15 6.3 6.3 82 -1,13 0 6.3
a-c a-c a-c
V301, 6X4 380 380 260 260 260 380 460 - -
V302, 5881 260 260 460 460 245 255 255 255 -
a-C a-c
V303, 6AWS 180 175 260 6.3 6.3 180 175 260 245
V304, 12AX7 175 86 87 0 0 175 85 87 0
V305, 6AQBA 130 140 0 0 260 260 143 - -
a-C a-C
V306, 6AWS 44 42 140 6.3 6.3 44 38.5| 140 143
V307, OG3 85 0 85 0 85 7.5 0 - -
V308, OA2 0 -150 0 -150 0 0 -150 - -
V309, OG3 0 -85 0 -85 0 -6.2 -85 - -~
V401, 6DK6 0 1,75 0 -6.4 1086 134 0 - -
V402, 6DK6 0 1.65 0 -6. 4 98 134 0 - -
V403, 6DK6 0 2.5 0 -6.4 150 145 0 - -
V404, 12AU7 260 150 150 -6.8 -6.8 260 140 142 0

*This chart is to be used under the following conditions: (a) range switch set to 500 V DC; (b} null
switch set to VTVM; (e) line voltage at 117 V, 60 cycles; (d) all measurements made from nega~
tive binding post to specified terminal; (e) all measurements made with a VTVM; (f) all voltage

dials set to zero; and {g) zero adjust pots counter-clockwise.,

Figure 4-2. TUBE VOLTAGE CHART
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€. The mer:ury cell, B201, is used as a source of
grid bias voltage in the chopper-amplifier. This cell
has an expectec life in the instrument from 2 to 4 years.
Replacement siwould be made when the cell voltage falls
below 1.2 volts . A defective cell usually is evidenced
by inability to zero the 0.1V-0. 01V null ranges.

f. The chopper, Gl, normally has a life approaching
that of the stan lard cell. However, if the contacts are
overloaded oftn or for extended periods of time, the
contacts becorie corroded and the chopper-amplifier
will not work p ‘operly. Poor chopper operation is in-
dicated by err:itic needle movements in the 0.1V and
0. 01V null rang: s, or reduced sensitivity in these ranges.

4-4. CALIBR:.TION

a, GENERA].. Calibration of the Model 803 should
be accomplished in a draft-free area with an ambient
temperature of 120F +50F for maximum accuracy under
typical laboratcry operating conditions. DC calibration
must be perforined prior to AC calibration and consists
of: setting the zain of the VI'VM circuit; setting chop-
per-amplifier ¢ain; calibrating the 500 V DC reference
supply; and cal brating the 50, 5, and 0.5 V DC range
dividers of the reference supply. AC calibration con-
sists of calibr: ting the converter on the basic 5 VAC
range, and cali)rating the converter input attenuator in
the 50 VAC an¢l 500 VAC ranges. See figure 4-1 for
adjustment loc:tions.

b. DC CALII RATION (See figure 4-4).

(1) Place instrument in operation and allow at least
one hour warm -up time,

(2) Set up the necessary equipment to provide DC
voltages of 500, 50, 5, and 0.5 V DC with an accuracy
of at least 0.01%. The recommended equipment and
method of conn¢ction is shown in figure 4-4. The re-
quired voltages are obtained by: setting the standard
cell voltage on the ESI divider; putting 500 V DC into
the divider fror: a Model 301C or 301E power. supply;
and zeroing th:: galvanometer when the push button

switches are pressed by means of the vernier control
on the power supply (ESI divider set at 500V). 500,
50, 5, and 0.5 V" DC 0. 01% are available at the output
posts of the diviler by merely changing positions of the
right hand knob,

(3) Place the RANGE switch in the 0.5,V DC position,
and the NULL s witch to VIVM.

(4) Zero thc meter with the VIVM-10V-1V zero
control.

(5) Apply 0.5 V DC to the instrument, and adjust
R210 for full scile meter deflection. This calibrates
the VIVM circuit.

(6) Remove he 0.5 V DC input,

X (7} Set all vcitage dials to zero and place a 39K re-
sistor across the input terminals.

(8) Set RANCE switch to 5 V DC, and NULL switch
to the 0. 01V null range.

(9) Zero the 12eter with the 0. 1V-0. 01V zero control.,

(10) Turn C voltage dial to 1.

{(11) Using an asulated screwdriver, adjust R224 for
exactly one small scale division less than left full scale
meter deflection. This calibrates the chopper-ampli-
fier gain.

(12) Begin calilrration of the 500 V DC reference supply
by setting voltage dials to 499, 910, RANGE switch 500 V-
DC, and NULL ¢ witch to 1V range.
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(13) Adjust VIVM-10V-1V control for zero meter de-
flection.

(14) Apply 500 Vv DC 0. 01% to instrument.

(15) Turn ADJ CAL potentiometer for zero meter
deflection, I knob is not centered approximately, turn
knob to center position, remove instrument from case,
and adjust R31 for zero meter deflection.

{16) Turn OFF-ON-CAL switch (OPERATE-CAL on
rack models) to the CAL REF position.

(17} Adjust 0,1V-0. 01V zero control for zero meter
deflection.

(18) Advance OFF-ON-CAL switch to the CAL ADJ
position, and adjust R36 for zero meter deflection.

(19) Return OFF-ON-CAL switch to the ON position.
Meter should still read zero. If not, repeat from step
(12).

(20) Remove 500 V DC input.

(21) Place RANGE switch in 50 V DC position, NULL:
switch to 0. 1V range, and leave voltage dials at 49. 8910.

(22) Adjust 0. 1V-0. 01V control for zero meter de~
flection.

(23) Apply 50 V DC 0, 01% to instrument.

(24) Adijust 50 V DC range potentiometer R124 for -
zero meter deflection.

(25) Remove 50 V DC input, set RANGE switchto 5 V-
DC, NULL switch to the 0. 01V range, and leave vwage
d1als at 4. 99910,

(26) Apply 5 V DC 0. 01% to instrument.

{27} Adjust 5 V DC range potentiometer R126 for zero
meter deflection.

{28) Remove 5 V DC input, set RANGE switch to 0.5
V DC, leave NULL switch at 0. 01V range, and voltage
dials at 499910.

(29) Apply 0.5 V DC 0. 01% to mstrument

(30) Adjust 0.5 V DC range potentiometer 3129 for
zero meter deflection.

(31) Remove 0.5 V DC input. This completes DC
calibration.

¢. AC CALIBRATION. Calibration of the Model 803
has been accomplished at frequencies of 400 cycles and
10 kilocycles since serial number 2625. Prior to that
instrument, calibration frequencies were 400 cycles
and 5 kilocycles. The AC calibration equipment recom-
mended herein is capable of producing calibrating vol-
tages of 500, 50, and 5 VAC £0.05% at frequencies of
400 cycles and 10 kilocycles, with less than 0.1% total
harmonic distortion. Instruments with lower serial
numbers than 2625 should be calibrated at 5 KC with
this same equipment, with the exception of the Elin
oscillator. Elin Model VC-555 will provide 5 KC.

(1} After DC calibration has been completed, set
up the equipment as shown in figure 4-5. The required
AC voltages are obtained by: Setting up a precise DC
voltage with the power supply-differential voltmeter
combination that has the same value as the AC voltage
required; the precise DC voltage is then compared with
the oscillator AC voltage at the Model 540A transfer
device, and the oscillator output is adjusted so that the
RMS value of the oscillator output is exactly the same
as the precise DC voltage.

{2) Calibrate the basic 5 VAC range by setting the
voltage dials to zero, RANGE switch to 5 V DC and NULL
switch to 0. 01V range.

(3) Adjust 0.1V-0.01V zero control for zero meter
deflection.

(4) Place NULL switch to VTVM and RANGE switch
to 5 VAC.



SYMPTOM

PROBABLE CAUSE

REMEDY

Drift of the 500 V DC rei-
erence supply evidenced
by the continual need for
resetting the 500 V DC
with the ADJ CAL poten-
tiometer

V8, Vi, or V8 defective.

One of the sampling string
resistors R30, R32, R33,
R34, and R35) is changing
value rapidly as the in-
strument warms up.

Drifting standard cell
EMF possibly caused by
previous shorting or in-
verting of the cell.

Check by replacement V6, V7, and V8.

Locate faulty resistor by heating slightly with a
soldering iron held near the resistor while ob-
serving the 500 V DC calibration.

Allow time for the standard cell to stabilize.
Several hours should be sufficient.

Cannot calibrate 500 V DC
reference supply., Meter
cannot be brought to zero
before ADJ CAL knob
reaches limit,

Excessive aging of V6 or
V1.

Out of calibration.

One or more resistors in
500 V DC sampling string
has shifted in value.

Standard cell EMF has
shifted.

Check by replacement V6 and V7.

Recalibrate per paragraph 4-4,

Recalibrate per paragraph 4-4 and observe sta-
bility for 48 hours. If 500 V DC reference supply
remains stable, replacement of resistor is un-
necessary.

Recalibrate instrument and observe stability of
reference supply. Replacement of the standard
cell may be necessary.

Measurements are out of
tolerance on one DC range
other than the 500 V DC
range.

A range resistor in the
reference supply output is
out of tolerance.

If the trouble occurs in the 50 V DC range, R123
has shifted; in the 5 V DC range, R125 or R127
has shifted; in 0.5 V DC range, R128 or R130 has
shifted. It may be possible to correct by recali~
bration. If not, replace faulty resistor. ‘

Measurements are out of
tolerance on all DC ranges
other than the 500 V DC
range.

R120 or R121 has shifted
in value,

It may be possible to correct all range voltages
by recalibration. If not, replace faulty resistor.

Measurements are out of
tolerance on any range
when the Kelvin-Varley
divider is dialed to any
setting other than 499910.

One of the Kelvin-Varley
divider resistors is out of
tolerance

Measure the voltage drop across each Kelvin-
Varley resistor with another John Fluke Differential
Voltmeter. Begin by setting RANGE switch to

500 V DC and the voltage dials to 499, 910. Ref-
erence to the schematic diagram will show that
there should be 100, 10, 1, 0.1, and 0. 01 volts
respectively across each resistor of the A, B, C,
D, and E decades, except for the two resistors of -
each decade that are parailed by the following
decade. Across these two resistors, there should
be 50, 5, 0.5, and 0. 05 volts, respectively. Mea-
sure all voltages %0, 05%. Remember that if one
resistor in a decade has increased or decreased
appreciably, the voltage drop across all other re-
sistors in the decade will be slightly affected aiso.

Figure 4-3. TROUBLESHOOTING (Sheet 1 of 3)
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SYVPTOM

PROBABLE CAUSE

REMEDY

VTVM drifi is observed

by the neec for frequent
readjustme nt of the VI'VM-
10V-1V ze:'o control.

V203, V204, or V202 are
faulty.

Check tubes by replacement in the order specified.

Instrument out of speci-
fications o1 all ranges ex-
cept 0.5 V DC when used
as a VTVN.

Resistor R116, R114, R112
or R110 out of tolerance.

Check and replace faulty resistor.

Meter rattlz, drift, or
error is observed in the
0.1V or 0. 01V null ranges
with or witlout a voltdge
applied.

V206 faulty.

Mercury cell B201 faulty.

V205 faulty.

Chopper G1 faulty,

Replace V206.

Replace B201.

Replace V205.

Replace chopper.

NOTE: After any of the above components are replaced, recalibration of the

chopper-amplifier gain is necessary, See paragraph 4-4.

Meter needle offsets to

left as voltaze dials are
increased with NULL
switch in the 1V null range,
RANGE swiich at 500 V DC
and no input applied.

Leakage between the VIVM
circuit and to 0 volt buss.

If instrument has not been
used for a long period of
time, leakage may be due

to accumulation of moistureJ

e —

Clean instrument as outlined in paragraph 4-2, a,

Leave instrument on for several hours to dry out.

e —]

are aormal,

NOTE: The following symptoms are common to AC measurements only, and assume all DC measurements

Instrument cut of speci-
fications on ‘:ither 500 VAC
or 50 VAC rainge.

500 VAC or 50 VAC range
out of calibration.

Perform AC calibration, If necessary, substi-
tute new converter input attenuator components

for the suspected range.

Instrument cut of speci-
fications on .11l ACranges.

Input voltage is being
loaded by capacitor C101.

V401, V402, V403, or V404
defective,

Reverse input leads.

Check by replacement.

AC readings are in error
only at speci ic frequen-
cies.

8C401 or SC402 defective.

Replace SC401 and/or SC402.
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SYMPTOM PROBABLE CAUSE

REMEDY

Meter rattle, particularly DC filament voltage on
in the 5 VAC range and V401 thru V404 too high,
0. 01V null position. caused by defective
transistor TR1 or TR302

Poor electrical contact
between the converter and
converter power supply
printed circuit boards and

Leaky cathode by-pass
capacitor on V401, V402,
or V403 ,

in converter power supply.

their respective connectors.

Check by replacement TR1 and TR302. (Make
certain the collector of TR1 does not short to the
chassis via the mounting bracket) If the tubes have
operated with a filament voltage in excess of 7 V-
DC, it is necessary to replace V401, and usually
V402 through V404,

Check printed circuit board connectors.

Check and replace faulty capacitor.

Figure 4-3. TROUBLESHOOTING (Sheet 3 of 3)

(5) Short input posts and turn NULL switch to 0. 01V.
{6) Adjust R426 for zero meter deflection. A long
time constant in this circuit makes this a slow adjust-
ment.
{7) Turn NULL switch to VTVM, remove the short
from the input posts, and set voltage dials to 499910,
(8) Apply 5 VAC at 400 cycles to the input posts.
(9) Turn NULL switch to 0. 01V and adjust the meter
to read between 0. 2 and 0. 4 on the right side of the lower
meter scale by adjusting R423.
{(10) Turn NULL switch to VTVM.
(11) Change 5 VAC 400 cycle input to 5 VAC 10 KC
input.
(12) Turn NULL switch to 0. 01V and adjust C8 to
indicate same meter deflection as step 9.
(13) Turn NULL switch to VTVM and RANGE switch
to 50 VAC.
{14) Change input to 50 VAC, 400 cycles.
(15) Turn NULL switch to 0. 01V and using an insulated
screwdriver, adjust R3 to indicate same meter deflection
as step(9).

(16) Turn NULL switch to VTVM.

(17) Change 50 VAC 400 cycle input to 50 VAC 10 KC
input.

(18) Turn NULL switch to 0. 01V and adjust C3 with
an insulated screwdriver to indicate same meter deflec~
tion as step (9).

(19} Turn NULL switch to VTVM and RANGE switch
to 500 VAC.

(20). Change input to 500 VAC, 400 cycles.

{21) Turn NULL switch to 0. 01V and adjust R7 with
an insulated screwdriver to indicate same meter deflec-
tion as step (9).

(22) Turn NULL switch to VTVM.

{23) Change 500 VAC 400 cycle input to 500 VAC 10 KC
input.

(24) Turn NULL switch to 0. 01V and adjust C5 with an
insulated screwdriver to indicate same meter deflection
as step (9}. :

(25) Return the NULL switch to the VI'VM position.
The AC section of the instrument is now calibrated.
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SECTION V
LIST OF REPLACEABLE PARTS

The following list of replaceable parts covers all Model
803 voltmeters above serial number 1113 and all Model
803R voltmeters above serial number 406.

The extreme right hand column of the parts list, entitled
"Use Code, " defines the effectivity of the particular part.
A list of all "Use Codes" and their effectivity is included
at the end of this section.

SYMBOL DESCRIPTION STOCK NO. CoDE
B1 Standard cell, non-saturated, X223
low hysteresis
B201 Mercury bias cell, 1.35V X44
Ci1, C2 Capacitor, oil, 1 mfd, 1000V C020 D
ClA,C1B, Capacitor, electrolytic, 20 mfd, 450V CES5
ci1c
C3, C5 Capacitor, ceramic, variable, CA4
0.8 - 4.5 mmf
Cé6 Capacitor,ceramic, 300 mmf, 600V CT13
C6A Capacitor, ceramic, 300 mmif, 600V CT13
C1 Capacitor, mylar, 0.47 mid, 600V cpP21
c8 Capacitor, ceramic, variable, CA4
0.8 - 4.5 mmf
Cc9 Capacitor, ceramic, 20 mmf, 600V CTi4
Cc10 Capacitor, paper, 0.1 mfd, 600V CP5
Ci1 Capacitor, paper, 0.1 mfd, 400V CP4A
C12 Capacitor, paper, 0.01 mfd, 1600V CP1
C13 Capacitor, ceramic, CT8
0. 002 mfd, 1000V
Cl4 Capacitor, paper, 0.1 mid, 600V CP5
C101 Capacitor, mylar, 1 mfd, 200V CP26
c102 Capacitor, polystyrene, 1 mfd, 200V CO22
C103 Capacitor, metalized mylar, CcP25
0. 47 mfd, 600V
C104 Capacitor, electrolytic, 200 mfd, 6 V DC CE30 A
C105 Capacitor, mylar, 0.1 mfd, 600V CP20
c201, C202 Capacitor, electrolytic, 10/10 mid, 450V CE13
€203 Capacitor, mylar, 0.02 mfd, 600V CPi8
C204, C205, Capacitor, paper, 0.047 mfd, 400V CP6
C206, C207
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SYMBOL DESCRIPTION STOCK NO. CoDE
C208 Capacitor, paper, 220 mmf, 600V CT1
C209 Capacitor, paper, 0.047 mfd, 400V CcP6
C210 Capacitor, paper, 0.01 mfd, 600V CP7
C211, 3212 Capacitor, mylar, 0.22 mfd, 400V CcP19
C301 Capacitor, electrolytic, 10/10 mfd, 500V CE20
C302 Capacitor, paper, 0.1 mfd, 400V CP4A
C303 Capacitor, paper, 0.047 mid, 400V CP6A
C304 Capacitor, electrolytic, 10/10 mid, 500V CE20
C305 Capacitor, paper, 0.1 mfd, 400V CP4A
€306 Capacitor, fixed paper, 0.1 mfd, 400V CP4A
C307 Capacitor, electrolytic, 8 mfd, 250V CEl10
C308 Capacitor, electrolytic, 4000 mifd, 15V CE23
C309 Capacitor, fixed paper, 0.1 mfd, 400V CP4A
C310 Capacitor, electrolytic, 8 mfd, 250V CE10
C311 Capacitor, paper, 220 mmf, 600V CT1
C401 Capacitor, electrolytic, 150 mid, 150V CE22
C402 Capacitor, paper, 0.01 mfd, 400V CcPi6
C403 Capacitor, electrolytic, 100 mfd, 6V CE21
C404 Capacitor, paper, 0.47 mfd, 200V CP24
C405 Capacitor, paper, 0.047 mid, 400V CPBA
C406 Capacitor, electrolytic, 150 mfd, 150V CE22
C407 Capacitor, paper, 0.01 mfd, 400V CP16
C408 Capacitor, electrolytic, 100 mid, 6V CE21
C409 Capacitor, paper, 0.01 mfd, 400V CP16
C410 Capacitor, paper, 0.47 mfd, 200V CP24
C411 Capacitor, paper, 0.01 mfd, 400V CP16
C413 Capacitor, electrolytic, 100 mfd, 6V CE21
C414 Capacitor, ceramic, 680 mmf, 600V CT3
C415 Capacitor, mylar, 5 mid, 200V CP22
C4186 Capacitor, metalized paper, 2 mfd, CPl14
200V
Ca11 Capacitor, metalized paper, 1 mid, CP17
200V
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CIRCUIT FLUKE USE
SYMBOL DESCRIPTION STOCK NO. CODE
CR1, CR2 Diode, silicon, 50V, 1 Amp. RES
CR3, CR4 Diode, silicon, 280V RMS, 0.3 Amp. 2E4
CR5, CR6 Diode, silicon, 600 PIV, 0.75 Amp. RE17
CR7, CR8 Diode, silicon, 40V, 2 ma RE7
CR9 Diode, silicon, 600 PIV, 0.75 Amp. REL7
F1 Fuse, 3 Amp. F3
Fl Fuse, 1.5 Amp F1.5
(for 220/234 volt operation)
F101 Fuse, 1/200 Amp. 250V F1/200A A
Gl Chopper, SPDT, 6.3V, 60 cycles X100
1;_1{’38*““ Lamp, neon, NE2E X40B
J101 Binding post, red insulators X219,
X217
J102 Binding post, black insulators X219,
X218
J103 Binding post, metal spacer X219,
X220
M101 Meter, 50-0-50 microamp with special M31
scale
R1 Resistor, precision metal film DRMFT1
1 Meg. 1%, 1/2W
R2 Resistor, precision metal film DRMF61
122 K, 1%, 1/2w
R3 Resistor, wirewound, variable P5000TA
5K, 10%, 1/4W
R4, RS Resistor, precision metal film DRMF63
500 K, 1%, 1/2wW
R6 Resistor, precision metal film DRMF51
10K, 1%, 1/2W
R7 Resistor, wirewound, variable P500T
500 Q, 10%, 1/4W
R3 Resistor, precision metal film DRMF71
1 Meg. 1%, 1/2wW
R9 Resistor, precision metal film DRMF62
200 K, 1%, 1/2W
R10 Resistor, composition GB3911
390 @, 10%, 1W
R11 Resistor, composition EB4741

470 K, 10%, 1/2W




CIRCUIT FLUKE USE

SYMBCL DESCRIPTION STOCK NO. CODE

R12 th-u Resistor, composition HB2231

R19 22 K, 10%, 2w

R20 Resistor, deposited carbon DR620
500 K, 1%, 2W

R21 Resistor, deposited carbon DR67
144 K, 1%, 1W

R22 Resistor, composition GB3931
39K, 10%, 1w

R23 Resistor, composition EB1051
1 Meg. 10%, 1/2W

R24 Resistor, precision wirewound PR611
149 K, 1/2%, 1w

R25 Resistor, composition EB1051
1 Meg. 10%, 1/2W

R28, R27 Resistor, deposited carbon DR614
300K, 1%, 1w

R28 Resistor, deposited carbon DR613
250 K, 1%, 1W

R29 Resistor, composition EB1051
1 Meg. 10%, 1/2wW

R30 Resistor, precision wirewound PR614
320K, 0.1%, 1w

R31 Resistor, wirewound, variable P10KTB
10K, 10%, 1/4W

R32 Resistor, precision wirewound PR620
158 K, 0.5%, 1w

R33, R4 Resistor, precision wirewound PR610
125K, 0.1%, 1W

R35 Resistor, precision wirewound PR37
5098 ¢, 0.1%, 1/2wW

R36 Resistor, wirewound, variable p5C
5 R, 20%, 2W

R37 Resistor, wirewound R10WA
10 9, 5%, 5W

R38 thru Resistor, composition GB2241 E

R40 220K, 10%, 1W

R101 Resistor, composition GB2711
270 9, 10%, 1W

R102 Resistor, composition EB1531
15K, 10%, 1/2W

R103 Resistor, deposited carbon DR74

4.4 Meg. 1%, 1/2w
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CIRCUIT FLUKE USE

SYMBOL DESCRIPTION STOCK NO. CODE

R104 Resistor, deposited carbon DR75
4.5 Meg. 1%, 1/2wW

R105 Resistor, deposited carbon DR76
4.99 Meg. 1%, 1/2W

R106 Resistor, deposited carbon DR75
4,5 Meg. 1%, 1/2w

R107 Resistor, deposited carbon DR618
500 K, 1%, 1/2wW

R108 Resistor, deposited carbon DR622
900 K, 1%, 1/2w

R109 Resistor, deposited carbon DR63
103.5K, 1%, 1/2w

R110,R111 Resistor, deposited carbon DR78
9 Meg. 1%, 1/2W

R112 Resistor, deposited carbon DR622
900 K, 1%, 1/2wW

R113 Resistor, deposited carbon DR79
9.9 Meg. 1%, 1/2W

R114 Resistor, deposited carbon DR513
90K, 1%, 1/2wW

R115 Resistor, deposited carbon DR711
9.99 Meg. 1%, 1/2W

R116 Resistor, deposited carbon DR51
10K, 1%, 1/2w

R117 Resistor, wirewound, variable P5KA
5K, 10%, 2w

R118 Resistor, wirewound, variable P10KA
10 K, 10%, 2w

R119 Resistor, wirewound, variable P2KB G
2K, 10%, 2w

R119 Resistor, wirewound, variable P1000A F
1K, 10%, 2W

R120, R121 Resistor, precision wirewound PR615
112,375 K, 0.05%, 1w

R122 Resistor, compogition GB2731
27 K, 10%, 1w

R123 Resistor, precision wirewound PR515
28.571 K, 0.05%, 1/2w

R124 Resistor, wirewound, variable P500T
500 Q, 10%, 1/4W

R125 Resistor, precision wirewound PR49

2.5317 K, 0.05%, 1/2W
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CIRCUIT FLUKE USE
SYMBCL DESCRIPTION STOCK NO. CODE
R126 Resistor, wirewound, variable P500T
500 @, 10%, 1/4W
R127 Resistor, precision wirewound PR513
22.5K, 0.1%, 1/2w
R128 Resistor, precision wirewound PR311
250.31 Q, 0.05%, 1/2W
R129 Resistor, wirewound, variable P500T
500 2, 10%, 1/4W
R130 Resistor, precision wirewound PRbH14
24.75 K, 0.1%, 1/2w
*R131 hru Resistor, precision wirewound PR512
R136 40 K, 0.02%, 1/2W, matched
*R137 hru Resistor, precision wirewound PRA48
R147 8 K, 0.05%, 1/2W, matched
*R148 thru Resistor, precision wirewound PR46
R158 1.6 K, 0.1%, 1/2W, matched
*R159 thru Resistor, precision wirewound PR3S
R169 3209, 0.1%, 1/2 W, matched
*R170 thru Resistor, precision wirewound PR24
R179 64 @, 0.1%, 1/2W, matched
R180, 11181 Resistor, composition EB1541
150 K, 10%, 1/2w
R182 Resistor, composition GB1021
1K, 10%, 1W
R183 Resistor, variable P300A AB
300 Q, 10%, 2W
R201, E202 Resistor, composition GB5601
56 ©, 10%, 1W
R203, F204 Resistor, composition GB2721
2.7K, 10%, 1W
R205 thu Resistor, composition GB4721
R209 4. 7K, 10%, 1W
R210 Resistor, wirewound, variable P5KA
5K, 10%, 2w
R211,R:12 Resistor, deposited carbon DR411
8.2K, 1%, 1/2w
R213, R214 Resistor, composition EB1051
1 Meg, 10%, 1/2W
R215 Resistor, composition GB1031
10K, 10%, 1W
R2186, R217 Resistor, composition GB3931

39K, 10%, 1W

*These 1esistors are factory matched for each instrument. When ordering, specify instrument
serial 1 umber for each resistor ordered.
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CIRCUIT FLUKE USE

SYMBOL DESCRIPTION STOCK NO. CODE

R218 Resistor, composition EB1051
1 Meg. 10%, 1/2W

R219 Resistor, compoesition EB2251
2.2 Meg. 10%, 1/2W

R220 Resistor, composition EBI1051
1 Meg. 10%, 1/2wW

R221 Resistor, deposited carbon DR73
2.2 Meg. 1%, 1/2w

R222 Resistor, composition EB1061
10 Meg. 10%, 1/2W

R223 Resistor, composition EB1051
1 Meg. 10%, 1/2W

R224 Resistor, wirewound, variable P10KA
10K, 10%, 2w

R225 Resistor, deposited carbon DR49
5K, 1%, 1/2w

R226, R227 Resistor, composition EB2241
220 K, 10%, 1/2w

R228 Resistor, composition EB2251
2.2 Meg. 10%, 1/2W

R303 Resistor, composition EB1541
150 K, 10%, 1/2wW

R304 Resistor, composition EB2241
220 K, 10%, 1/2w

R305 Resistor, composition EB1541
150 K, 10%, 1/2w

R306 Resistor, deposited carbon DR613
250K, 1%, 1w

R307 Resistor, deposited carbon DR629
125 K, 1%, 1/2wW

R308 Resistor, composition EB1051
1 Meg. 10%, 1/2wW

R308, R310 Resistor, composition EB6841
680 K, 10%, 1/2wW

R311 Resistor, composition EB1051
1 Meg. 10%, 1/2wW

R312 Resistor, deposited carbon DR58
45 K, 1%, 1w

R313 Resistor, deposited carbon DR513
90 K, 1%, 1/2w

R314 Resistor, composition EB4741

470 K, 10%, 1/2W




CIRCUIT FLUKE USE

SYMBOL DESCRIPTION STOCK NO. CODE

R315 Resistor composition EB1041
100 K, 10%, 1/2W

R316 Resistor, composition EB1051
1 Meg. 10%, 1/2wW

R317 Resistor, deposited carbon DR61
100K, 1%, 1/2W

R318 Resistor, deposited carbon DR57
40K, 1%, 1W

R319 Resistor, deposited carbon DR513
90K, 1%, 1/2wW

R320, 1321 Resistor, composition EB1541
150 K, 10%, 1/2w

R322 Resistor, deposited carbon DR414
3.89 K, 1%, 1/2W

R323 Resistor, deposited carbon DR59
50 K, 1%, 1/2wW

R324, 1325 Resistor, composition GB1031
10K, 10%, 1w

R326 Resistor, composition GB1531
15K, 10%, 1w

R327 Resistor, wirewound RY7.5W
7.5 8, 5%, 5W

R328 Resistor, composition EB1031 A
10K, 10%, 1/2W

R401 Resistor, composition GB3321
3.3 K, 10%, 1w

R402 Resistor, composition GB1521
1.5K, 10%, 1W

R403 Resistor, composition EB2211
220 Q, 10%, 1/2w

R404, R405 Resistor, composition EB2251
2.2 Meg. 10%, 1/2W

R406 Resistor, composition EB1051
1 Meg. 10%, 1/2W

R407, R108 Resistor, composition GB3321
3.3K, 10%, 1w

R409 Resistor, composition EB2211
220 , 10%, 1/2wW

R410, R11] Resistor, composition EB1061
10 Meg. 10%, 1/2W

R412 Resistor, composition GB3615

360 Q, 5%, 1W
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CIRCUIT FLUKE USE
SYMBOL DESCRIPTION STOCK NO. CODE
R413 Resistor, composition EB1051
1 Meg. 10%, 1/2W
R414 Resistor, composition GB2731
27 K, 10%, 1W
R415 Resistor, composition EB5611
560 @, 10%, 1/2wW
R416 Resistor, composition EB1011
100 @, 10%, 1/2W
R417 thru Resistor, composition GB3331
R419 33K, 10%, 1w
R420, R421 Resistor, precision metal film DRMF52
22 K, 1%, 1/2w
R422 Resistor, precision metal film DRMF42
2.4K, 1%, 1/2w
R423 Resistor, wirewound, variable P100T
100 @, 10%, 1/4W
R424, R425 Resistor, deposited carbon DR59
. 50 K, 1%, 1/2w
R426 Resistor, wirewound, variable P5000T
5K, 10%, 1/4W
R427 Resistor, composition EB2211
220 ©, 10%, 1/2wW
R428, R429 Resistor, composition GB1001
10 @, 10%, 1W
R430 Resistor, composition GB1021
1K, 10%, 1w
5101 Switch, rotary, 3 pole, 4 position
Cabinet Model 803 803-808
Rack Model 803 803R-804
5102 Switch, rotary, 10 pole, 7 position SR39
5103 Switch, rotary, 6 pole, 5 position SR29
8104 Switch, rotary, 2 pole, 5 position SR40
S105, S106 Switch, rotary, 2 pole, 10 position SR41
8107
5108 Switch, rotary, 2 pole, 11 position SR42
T1 Transformer assembly, harnessed
Cabinet Model 803 803-611
Rack Model 803 803R-611
TR1 Transistor, power 2N301wW D
TR1 Transistor, power 2N285A
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STMBO:, DESCRIPTION STOCK NO. CODE
TR301, Transistor, NPN junction 2N214
TR30: >
Vi Vacuum tube Rectifier, 5AR4 5AR4 C
Vi Vacuum tube rectifier, 5Y3GT 5Y3GT B
v2 Vacuum tube pentode, 6AQ5A 6AQBA
V3 Vacuum tube pentode, 6AU6 6AUG
V4 Vacuum tube voltage regulator, OAZ2 0A2
v5 Vacuum tube duo triode, 12AU7 12AU7
V6, v7 Vacuum tube voltage reference, OG3 OG3
V8 Vacuum tube duo triode, 12AX7 12AX77
V9, vaul Vacuum tube current regulator, 9-7 9-7
V202 Vacuum tube voltage regulator, OA2 OA2
V203 Vacuum tube voltage regulator, OB2 0oB2
vVao4 Vacuum tube duo triode, 12AU7 12AU7
V205 Vacuum tube triode, 6C4 6C4
V206 Vacuum tube duo triode, 12AX7 12AX7
V3ol Vacuum tube rectifier, 6X4 6X4
V302 Vacuum tube beam power, 5881 5881
V303 Vacuum tube triode-pentode, 6AWS 6AWS
V304 Vacuum tube duo triode, 12AX7 12AX7
V305 Vacuum tube pentode, 6AQ5A 6AQ5A
V306 Vacuum tube triode-pentode, 6AWS BAWS
V307 Vacuum tube voltage reference, OG3 0G3
V308 Vacuum tube voltage regulator, QA2 0A2
V309 Vacuum tube voltage reference, OG3 0OG3
V3io Lamp, neon, NE2E NE2E
V401, v402, Vacuum tube pentode, 68DK6 6DKS6
V403
V404 Vacuum tube duo triode, 12AU7 12AU07
Connector, 18 pin female X150
Connector, 10 pin female X151
Connector, 24 pin female X254
Connector, 9 pin male X149
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CIRCUIT FLUKE USE
SYMBOL DESCRIPTION STOCK NO, CODE
Connector, 4 pin female X177
Connector, 24 pin male X255
Connector, 9 pin female X153
Connector, 4 pin male X178
Cord, power X27D
Feet, rubber mounting X224
Fuse holder X12
Knob, 1-1/2" with pointer X234
Knob, 1-1/2" without pointer X207
Knob, 1'" with pointer X231
USE CODE EFFECTIVITY USE CODE EFFECTIVITY
The following list of "Use Codes" is intended to allow C Model 803 serial number 1500 and on
the customer to determine the effectivity of all replace- Model 803R serial number 610 and on
able parts. Note that those parts with no code are used
on all 803 voltmeters above serial number 1113, and all D Model 803 serial number 1113 thru 2110
803R voltmeters above serial number 406. Model 803R serial number 610 thru 835
E Model 803 serial number 2110 and on
USE CODE EFFECTIVITY Model 803R serial number 835 and on
No Code Model 803 serial number 1113 and on F Model 803 serial number 1113 thru 2170
Model 803R serial number 406 and on Model 803R serial number 610 thru 845
A Model 803 serial number 1488 and on G Model 803 serial number 2170 and on
Model 803R serial number 610 and on Model 803R serial number 845 and on
B Model 803 serial number 1113 thru 1500 H Model 803 serial number 1113 thru 2244

Model 803R serial number 610 thru 745

Model 803R serial number 610 thru 875
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WARRANTY

The JOHN FLUKE MFG. CO., INC. warrants each instrument manufactured by them
to be free from defects in material and workmanship. Their obligation under this
Warranty is limited to servicing or adjusting an instrument returned to the factory
for that purpose, and to making good at the factory any part or parts thereof; except
tubes, fuses, choppers and batteries, which shall, within one year after making de-
livery to the original purchaser, be returnedby the original purchaser with transpor-
tation charges prepaid, and which upon their examination shall disclose to their satis-
faction to have been thus defective. If the fault has been caused by misuse or abnormal
conditions of operation, repairs will be billed at cost. In this case, an estimate will
be submitted before work is started, if requested.

If any fault develops, the following steps should be taken.

1. Notify the John Fluke Mfg. Co., Inc., giving full details of the difficulty,
and include the Model number, type number, and serial number. On
receipt of this information, service data or shipping instructions will
be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument prepaid,
and repairs will be made at the factory. If requested, an estimate of the
charges will be made before the work begins, provided the instrument
is not covered by the Warranty.

SHIPPING

All shipments of John Fluke Mfg. Co., Inc. instruments should be made via Railway
Express prepaid. The instrument should be shipped in the original packing carton;
or if it is not available, use any suitable container that is rigid. If a substitute con-
tainer is used, the instrument should be wrapped in paper and surrounded with at least
four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT

The instrument should be thoroughly inspected immediately upon receipt. All material
in the container should be checked against the enclosed packing list. The manufac-
turer will not be responsible for shortages against the packing sheet unless notified
immediately. If the instrument fails to operate properly, or is damaged in any way,
a claim should be filed with the carrier. A full report of the damage should be ob-
tained by the claim agent, and this report should be forwarded to John Fluke Mig.
Co., Inc. Upon receipt of this report you will be advised of the disposition of the
equipment for repair or replacement. Include the model number, type number, and
serial number when referring to this instrument for any reason.

The John Fluke Mig. Co., Inc. will be happy to answer all application questions which
will enhance your use of this instrument. Please address your requests to:

JOHN FLUKE MFG. CO., INC., P.O. BOX 7428, SEATTLE 33, WASHINGTON
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