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Digital Voltmeter A Section IV
Model 451 s !

R9
GAIN CONTROL

RI
TEST
CALIBRATION : POINTS

RHEOSTAT

Sl
CALIBRATION
SWITCH

CHOPPER

= MERCURY CELL
w i STANDARD REFERENCE BATTERY
CELL ;

T8I

Figure 4-1. Amplifier Assembly, Top and Bottom Views
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Section IV Digital Voltmeter

Model 451
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Figure 4-2. Power Supply Assembly, Top View
TABLE 4-1 -
LUBRICATION CHART
LUBRICATION POINT TYPE LUBRICANT LUBRICATION PROCEDURE
Wiper assembly bearing Clock oil or equivalent Apply one dip near the pointer.

Each pair of wiper

contacte Clock oil or equivalent

bly to distribute lubricant.

Draw a strip of bond paper, treated
with two dips on each side, through
the wiper contacts. Rotate assem-

Inner sides of each pair
of wipers where brush Clock oil or equivalent

Apply one dip of oil at the points

springs ride indicated.
Armature bearing Light mineral oil Apply one dip to each side of bearing.
Pawl bearing Light mineral oil Apply one dip to each side of bearing.

Pawl spring hooks Light mineral oil the eyelets.

Apply one lean drop to the hooks at

Off-normal cam lobes Light mineral oil Apply one very lean dip to the lobes.

50-50 mixture (by volume)
Ratchet teeth of powdered mica and

Apply two dips to the ratchet teeth,
cloek ol rotating to distribute lubricant.
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Digital Voltmeter
Model 451

4-10, TROUBLE SHOOTING.

4-11, GENERAL. Only qualified maintenance person-
nel should be allowed to carry out trouble shooting
procedures in connection with the digital voltmeter,
Such personnel should be familiar with the physical
makeup of the instrument, its installation and operating
procedures, and the detailed theory of operation, as
given in the preceding sections.

4-12. The first step in trouble shooting is to isolate
the circuit in which the defective component is located.
An understanding of the relationship and interdependence
of the three main assemblies that comprise the digital
voltmeter is essential. For example, if the amplifier
is defective, the stepping switches will not function.
If the power supply is defective, neither the amplifier
.or the stepping switches can perform properly. Im-
proper functioning of the digital voltmeter is almost
always accompanied by an improper readout display,
whether in a transitory or stabilized condition. Detailed
examination of the readout display in the light of theory
of operation given in Section III, invariably will provide
an indication as to the probable source of trouble.

4-13. Before employing exhaustive trouble shooting
techniques to locate trouble, always look for the more
obvious causes of trouble, such as broken leads, loose
solder joints, defective tubes, blown fuse, weak batteries,

* ete. Consider the possibility of maladjustment of gain,

calibration, or hum control adjustments. Make use of
the fact that the neon tubes, V7 or V8, glow when "up"
or "down' pulses are being produced by the amplifier,

4-14, PULSE TRACING. The use of an oscilloscope
can greatly facilitate the isolation of troubles in the
amplifier or pulse circuits. The oscilloscope can be
used to check the amplifier by observing the square-
wave error signal at the test points shown in figure 4-1.
These test points are connected to the plates of V3 and
V4, as indicated on the schematic diagram, figure 4-6.
The procedure outlined in paragraph 4-3, step 2, should
be followed to observe the waveform at the test points.
In addition, a check of the "up' and ""down' pulses at
the amplifier output terminals can be made with an
oscilloscope, using the same procedure. These pulses
appear as shown in figure 4-3(A). Part B of the same
figure is a representation of the normal waveform that
appears at the coils of the stepping switches when they
are operating. Direct access to these points is not
necessary, since the points are brought out to solder
terminals on the stepping switch mounting panel, fig-
ure 4-4. (These points are shown on the schematic

‘diagram, figure 4-6, and are identified insofar as the

actual equipment is concerned on figure 4-5.) To ob-
serve this waveform, produce continuous cycling by
disabling the reference circuit (open K1), and connect
terminal 2 on the stepping switch board to terminal 3.
Points X and Y of figure 4-3(B) should be separated as
shown. Insufficient separation indicates that the posi-
tion of the stator of a stepping switch has changed, or
that tension of the switch driving spring has decreased.
Figure 4-3(C) depicts the waveform at the output of the
power supply if there is no load connected to that line,
such as might occur if a coil were open or if the printer
receptacle plug were not making proper contact, This
can be observed by opening the reference circuit and

Section IV
Paragraphs 4-10 to 4-16

(A)

"UP" AND"DOWN'" PULSES AT
AMPLIFIER OUTPUT TERMINALS

PULSE ACROSS STEPPING SWITCH COIL

POWER SUPPLY QUTPUT PULSE
(OPEN CIRCUIT)

Figure 4-3, Typical Waveforms

removing plug P7 at the printer receptacle. This serves
as a check on the power supply, since the pulses being
observed constitute its output of "up' and "down'' pulses.

4-15. STEPPING SWITCHES. Figure 4-3(B) repre-
sents the normal waveform of a pulse across the coil of
a stepping switch when the switch is functioning normal-
ly. The dotted portion of the waveform represents an
imaginary extrapolated extension of the visible portion
of the sine wave. The position of the superimposed
anomaly to the left of the dotted line, as shown in fig-
ure 4-3 (B), indicates a properly adjusted stepping
switch. When viewing this waveform on an oscilloscope,
if point X on the waveform is observed to be farther to
the right than the corresponding point in figure 4-3(B),
adjustment of the detent spring is indicated. Each
stepping switch has a slotted detent spring adjusting
screw, which can be seen if the switch is viewed from
its coil end. To adjust this spring for proper tension,
apply 105 volts dc to the input terminals of the volt-
meter, loosen the adjustment screw locknut, and adjust
the screw until the proper waveform is attained. (In-
structions for observing this waveform are given in the
preceding paragraph. ) Lock the adjustment. -

4-16. TUBE SOCKET VOLTAGES AND RESISTANCES.
To aid in trouble shooting, the tube socket voltage and
resistance readings for a normal digital voltmeter are
listed in Table 4-2, With the exception of the filaments,
all voltages and resistances are measured with respect
to ground. Filament voltages are measured across the
filament of each tube. Voltage readings are taken with
a vacuum tube voltmeter, with the digital voltmeter in a
balanced condition. Resistances are in ohms if not
otherwise designated.
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Section IV Digital Voltmeter
Paragraph 4-17 Model 451

TABLE 4-2

TUBE SOCKET VOLTAGES AND RESISTANCES

TUBE PIN 1 PIN 2 PIN 3 PIN 4 PIN 5 PIN 6 PIN 7 PIN 8
+160 0 +1.7 6.3V ac 6.3V ac +135 0 +1.7
V2
INF. INF. 210K 0-100%* 0-100%* INF. INF. 210K
+165 0 +1.65 6.3Vac | 6.3Vac +150 0 +1.65
V3
INF. 4. T™M 205K 0-100%* 0-100% INF. 0 205K
+150 0 +1.55 6.3V ac 6.3V ac +140 0 +1.55
V4
INF. 4. ™ 305K 0-100%* 0-100%* INF. 0 305K
-7 0 6.3V ac 6.3V ac 0 165V ac - -
V5
2M 26K 0-100* 0-100* 26K 20 - -
=7 0 6.3V ac 6.3V ac 0 165V ac - -
V6
2M 26K 0-100%* 0-100% 26K 20 - -
-50 - 6.3V ac 6.3V ac - 165V ac - -
V9
2M 100 100 100 100 20%* 100 -
-50 - 6.3V ac 6.3V ac - 165V ac - -
V10
2M 100 100 100 100 20%* 100 -

*Varies from 0 to 100 ohms depending upon setting of hum control R35.
**Reading taken with pins 3 and 8 of K3 jumpered.

4-17. TROUBLE SHOOTING CHART. Table 4-3 is a to serve as a guide to the technician who has studied

trouble shooting chart to indicate the troubles most the theory section but who lacks practical experience
commonly encountered and their causes. It is intended with the equipment.
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Digital Voltmeter

Section IV

Model 451
TABLE 4-3
TROUBLE SHOOTING CHART
TROUBLE PROBABLE CAUSE REMEDY
POWER switch in off position. Turn on POWER switch.
No 110V ac line voltage. Trace line failure.
" Entire visual readout Power cable defective. Repair or replace cable.

fails to light up.

Fuse blown.

Replace fuse.

No 6. 3V ac.

Check for 6.3V ac at various
points.

Some characters in the
visual readout display
fail to light up.

Defective readout indicator
lamp.

Replace lamp.

No 6. 3V ac available at
center contact of lamp.

Trace 6.3V ac line through
the associated stepping
switch.

Unstable display in 1st

Amplifier gain too high.

Adjust amplifier gain as
described in paragraph 4-2.

Excessive ripple on unknown
d-c input voltage.

Provide suitable filter
between unknown voltage
source and digital volt-
meter leads.

Stray noise voltage being
picked up.

Connect chassis of digital
voltmeter to good earth
ground.

Reverse 110-volt ac power
plug.

decade readout window.

Microphonic 5751 1st
amplifier tube.

Replace 5751 tube.

Unstable 5696 thyratrons in
power supply.

Replace 5696 tubes.

Faulty reference battery
connections.

Check and clean connections;
clean batteries with contact
cleaner or fine abrasive
cloth.

Decade 1 stepping switch
contacts making intermittent
contact.

Check contacts for proper
tension (compare with
others). Clean contacts
with contact cleaner and
lubricate in accordance
with Table 4-2.

19



o

Section IV Digital Voltmeter
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TABLE 4-3. (Continued)

TROUBLE

PROBABLE CAUSE

REMEDY

Readout display will
not increase,

No error signal.

Replace chopper.

Make point-to-point check of
amplifier with oscilloscope.

"Up" pulses missing.

Check range output voltage line
from switch S8 to pin 4 of chopper.

Replace V6 of amplifier and V10
of power supply.

Replace defective neon tube V8.

Check feedback voltage line from
decade 1 switch to pin 2 of chopper.

Low line voltage.
(Less than 105V ac)

Remedy cause of low line voltage
or employ a Variac.

Readout display will
not decrease.

No error signal.

Replace chopper.

Make point-to-point check of
amplifier with oscilloscope.

Low line voltage.

Correct cause of low line voltage.

"Down'' pulses missing.

Check feedback voltage line from
decade 1 switch to pin 2 of chopper.

Replace V5 of amplifier and V9
of power supply.

Replace defective neon tube V7.

Check range output voltage line
from switch S8 to pin 4 of chopper.

Readout display will
not increase or
decrease.

Printer receptacle plug
PT7 not installed.

Insert plug P7 into its receptacle.

Low line voltage.

Correct cause of low line voltage.

Readout display de-
creases in steps of
more than 2 millivolts
when input voltage is
decreased very
slowly.

Low amplifier gain.

Adjust amplifier gain as described
in paragraph 4-2.

Check amplifier tubes and replace
any found to be weak or defective.

Visual readout display
increases and stays at
999. 9 volts when input
voltage is less.

Feedback voltage missing

at pin 4 of chopper.

Replace reference battery.

Re-establish continuity of
reference voltage circuit.

Defective chopper.

Replace chopper.
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Figure 4-4. Stepping Switch Assembly, Top and Bottom Views
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Interim Operation Instructions
Digital Voltmeter, Stepping Switch Model
Non-linear Systems, Inc,

Del Mar Airport
Del Mar, California

INTRODUCTION Digital Voltmeters mamufactured by Non-Linear Systems,
Inc., are designed for rapid and accurate measurement cf 2 wide range of
direct current voltages. These interim instructions are to aid users of

this equipment prior to the completion of the Operation and Service Manual,

INSTATIATION The Digital Voltmeter is designed for bench-top or
rack-mounting installation, In either case, it should be placed for
most convenient viewing of the visusl readout. The sensitivity and high
input impedance of the instrument makes it desirable to use short
shielded leads for the direct current inmput voltage to avoid stray pick-
up. Although adequate shielding has been provided in the design of the

instrument, operation in strong fields such as are found near transmitters

and other high voltage sources may introduce spuriocus changes in readout
indicatione

Electrostatic pickup may be minimized by use of shielded input lines
and with a good electrical ground on the chassgis of the instrument,
Sometimes reinserting the 115 volt alternating current power plug into
the outlet receptacle in a position rotated 180 degrees from its previous
position is helpful in reducing effects of stray pickup.

Our more recent instruments feature a special oil bath to constantly
lubricate the stepping switches, thereby extending their trouble free
life by a factor of at least S. It is important that the instrument be
kept level while operating to insure that all switches will be constantly
lubricated, Where installaticn into sloping panels is recuired, it is
recommended that only a remote readout be installed on the sloping panel
and electrically connected to the digital voltmeter which may then be
installed in a location where it may be kept level.

Contact the factory for further information on such installation,

CONNECTING THE INSTRUMENT

PRIVARY POWER SOU'RCE The Digital Volimeter is designed to operate
from a 60 cycle 115#10 volt alternating current line, The instrument
is fused vaing an externally accessible, 2 AMP, type 3AG Littlefuse.

VOLTAGE 10 BE MEASURED To obtain access to the input terminals,
remove the small metal cover plate on the back of the instrument,
Connect the input voltage tc the Jones strip input terminals as follows:

Terminal L, Shield ground
Terminal 5, Unknown input ("Positive")
Terminal 6, Signal Ground ("Negative")

Observe shielding instructions in the paragraph headed INSTALLATION.
In areas where large amounts of electromagnetic radiation are prevalent
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it may be helpful toc use twisted shielded test leads when measuring
voltages from hipgh impedance sources. However, the IC filter incorpore
ated into the instrument rejects a large amount of normal pick-up and
also serves to atiemuate ripple present in the direclt current voltage
under measurement.

STARTING ™E TNSTRUMENT After connecting the power cord to a 60
cycle 115210 veclt source, turn on the power switch, Observe that the
red "Power" pilot lamp lights, The pilot lamp is beiz‘.g eliminated from

later models, Allow aperoximately 1 minute warmeup time, The instru-
ment is now ready for calibration against the standard cells included
in zome models,

CALIBRATION Some models of the Digital Voltmeter contain standard
cells. The simple procedure ontlined below standardizes the instrument
againat these excellent voltage references, making high accuracy voltage
measurements possible, The calibration procedure should be performed
after the initial 1 minute Warm-up following application of primary power,
occasionally during long pericds of use, and will assure high accuracy if
performed just prior to making measurements of 2 ecritical nature,

1. Depress the Calibrate switch on the front panel.

2. Observe a reading of 1018 if your model contains one standard
cell and 9167 if it contains nine standard cells,

3« Should the reading be other than listed above, continue to
hold the calibrate switch in the depressed position and
adjust the Calibrate control until the proper reading is
aschieved,

The Calibrate contrel is accessible for screwdriver adjustment
through a hole in the front panel adjacent to the Calibrate switch, In
rack mount models the hole is covered by a knurled serew which must
first be removed,

NOmES: (a) Since the instrument's automatic decimal point locating
range decade attenuator is not connected when the Calibrate switch is
depressed, the decimal point will remain wherever it happened tc be during
the last reading, This does not affect the Calibration in any way.

(b) T™e eem.f, of each standard cell has been certified
to be within +0,01% of 1,01859 volts absolute at 20° C, The e.m.f, at
various temperatures is as follows:

Temp °C 10 15 - ieaideridBeasse P ee—30 35 Lo

E.M.F. Vabs 1,01889 887 859 836 810 7860  7L8

Standard cell e.m.f, is somewhat affected when it is shaken, Normally
this causes no trouble in instruments of 0,1% accuracy, When using

instruments of 0,01% accuracy to their accuracy limit, it is advisable
not to move the instrument from one location to another for 20 mimites

prior to such use, After severe motion, such as that encountered during m !
shipment, longer periods are advisable, o~ I
4




CONNECTION OF EXTERNAL REFERENCE VOLTAGE ON MODELS REQUIRING SAME

Such models are most generally used in conjunction with analog
computers where it is desired to use a ground referenced, positive and
negative, direct current voltage from the computer as the Digital Volt-
. meter's reference source, This external source replaces the reference
batteries incorporated into other models of the Digital Voltmeter to
energize the Digital Voltmeter's "Digital Voltage Divider", In computer
application a reference voltage of plus and minus 100 volts is ‘most
commonly used., The reference voltage is connected to the same input
connector (Jones strip) as is the unknown input voltage. See paragraph
headed CONNECTING THE INSTRUMENT, Connect the external reference
voltage as follows: 28 gy 8

Terminal 1 - Positive
Terminal 2 - Negative
Terminal 3 = Ground

Improper connection can result in short circuits, or readout dis-
play of all 9's or all O's. Excessive ripple on the reference voltage
can result in erratic readings on the Digital Voltmeter,

ADJUSTMENTS The Digital Voltmeter contains three adjustments:
1., CALTBRATION: Refer to parzgraph with this main heading.

2., AMPLIFINR GAIN: This has been properly adjusted at the
factory, In some cases, however, changes in amplifier
components with time may necessitate readjustment. The
amplifier gain control potentiometer is located on the
amplifier chassis and is accessible when the outer case
is removed,

For best operation, the Digital Voltmeter should be operated at an
amplifier gain setting of 1 millivolt, When amplifier gain is not high
enough, the visual readout display will not respond to input voliage
changes of 1 millivolt, Excessively high amplifier gain may cause
instability in the readout window associated with the first decade, The
following procedure should be followed when adjusting amplifier gaint

a. Maintain closure of the Calibrate switch and observe a
readout display in the general range of 1018 or 9167,

b. . Slowly turn the slotted calibration rheostat shaft, which
is accessible from the front panel, in a counter-clockwise
direction., Observe the magnitude of the decrease in readout
display. I1f the readout display decreases in steps of 1
millivolt and no instability is encountered in the readout
window associated with the first decade, no adjustment of
amplifier gein should be made,

ce If slowly rotating the calibration rheostat shaft counter-
clockwise results in a decrease of 2 or more millivelts in
the readout display, the amplifier gain should be increased
by turning the slotted gain control potentiometer shaft a
small amount in the clockwise direction. Recheck the amount
of readovt display dropoff and repeat amplifier gain adjust-
ment if necesssry. In general, the gain is set properly

w
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when the amplifier gain control shaft is positicned
arproximately midway between the stopse

d. If instability develops in the readout window associated with
the first decade, turn the gain control counter-clockwise
wntil instability disappears, and the readout display decreases
in steps of 1 millivolt as the calibration rheostat shaft is
turned slowly counter-clockwise,

e, Adjust the calibration rheostat shaft untii the readout
display is as in step (a).

f, Momentarily operate the Calibrate switch. The gain and
calibration settings have been properly made and the
Digital Voltmeter is now ready for use,

3. HIM CONTROL: This has been properly adjusted a2t the factory,
and should require no further adjustment, The hum control potentiometer
is provided on the power supply chassis to aid in prevenling stray pick-

up and ripple originating outside the instrument from affecting the

amplifier,
To set the hum control properly, proceed as follows:

a. Provide an input voltage for the instrument., Set the input Volt=
age to obtain middle decimal point position on L digit models
and right most decimal position on & digit models.

b, Connect an oscilloscope between amplifier ground and either
plate (pin 1 or 6) of the last 12AX7 voltage amplifier. The
latter are available as test points consisting of short,

solid wires protruding upward beside the last 12AX7,

ce Observe the waveform shown in Figure 3.

de Adjust the hum control to obtain as scuare a waveform as L
possible, This is the condition for most effective hum
control positioning, A perfectly square waveform is not
possible to achieve,

e, Adjustment is now proper and need not be changed again unless
the stray pickup at the test site changes considerably.

NOTE: Fresh batteries only should be used as an input source for
the Digital Voltmeter when adjusting hum control, When weak or high
internal impedance batteries are used, the numerical readout will drift
as the input filter capacitor charges and as the battery recuperates
slowly from initial connection to the Digital Voltmeter filter,

RATE OF FOLLOWING The Digital Voltmeter is designed cnly for
measuring direct current voltages. At the chopper, a difference of
one millivolt between the unknown input and feedback voltage will cause
the stepping switch coils to become energized, The Digital Voltmeter
will faithfully follow an increase in unknown input voltage if the rate
of change does not exceed 1 millivolt at the chopper in 1/60 second,
Because unidirectional stepping switches are used it will follow
decreasing veltages only if the rate of change does not exceed 1 milli-
volt in 11/60 seconds, By "following" is meant achieving a temporary,

‘but detectable and accurate, balance,

-
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DRTPT TN VOLTVETER [FADING, AYD NOISE PROBLEMS Drifting readings
“are sometimes experienced and a.re often traceable to the method of using
the Digital Voltmeter. The following irformation is givens

1. If voltages from an electro=chemical source are being measured
such voltages often actually drift, although such is normally
not noticed on non-digital, low sensitivity instruments, If a
45 wvolt, carbon-zine, "B" battery is connected to the digital
voltmeter the reading will often increasse slowly in the last
decade for 5 to 10 seconds, What occurs here is that the
S battery is charging the filter capacitor incorporated into
i the Digital Voltmeter input. Initial comnection of the battery
causes the battery's voltage to drop sharply, then rise slowly
as it recuperates and slso as the filter capacitor charges from
the high internal impedance battery. This is perticularly true
of old batteries., BRemoval of the filter capacitor may be
attempted, but often leads to noise problems caused by pick
vp and ripple in direct current sources othsr than batteries,

2. Te Digital Volimeter's reference battery (mercury cells)
require a period of time to stabilize after the instrument is
turned on, During this time it is necessary to calibrate the
40 instrument against the standard cell periodically if great
T = accuracy is required, However, the reference battery's
changes are relatively slow and do not cause large impredice
table errors,

g : Some of our later models contain absolubte direct current
electronic power supplies referenced against the standard
cell. This replaces the mercury cell reference battery and
completely does away with the calibration preoeedure listed
herein, Digital Voltmeters can be modified to include this
feature at a2 nominal cost,

3. Drift and noise problems are often traceable to radiated pick-
up and circulating currents in test cabling external to the
Digital Voltmeter, and also to ripple present in the unknown
input voltage source,

i The Digitel Voltmeter's reaction to noise is a function of

noise frequency spectrum and noise phase angle relative to
__the 60 cycle line.

PRINTZER CONNECTION Circuitry required for connecting a data printer
is incorperated into the Digital Voltmeter., This greatly enhances the
instrument's versatility by furnishing permanently printed records of
voltages measured by the instrument without interfering with the instru-
ment's visual readout, Further versatility is achieved with the AUTOMATIC
PRINT CONTROL SELECTOR, also manufactured by Non-Linear systems, which

B permits either manual or automatic, unattended, cyclical printing of
5 voltage data from the Digital Voltmeter. Complete systems including

| p afk w";.l 4-' =
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Digital Voltmeter, automatic print control selector, data printer (either
Clary Digital Recording Machine or electric typewriter) and all necessary
cables are also available, Also, the print control can functiom to feed
an IBM Summary Punch, The Digital Voltmeter's printer output is of the
"parallel entry" type. That is, a wire is brought out for each step

(1 to 9) of each decade, and one wire from each decade (corresponding to
the number displayed on the Digital Voltmeter's visual readout for that
decade) is energized simultaneously along with one wire from all other
decades,

To connect a parallel entry type data printer when an automatie
print control selector is not used, proceed as follows:

1. Remove the jumper soldered between terminals 15 and 16
of the stepping switch unit printed circuit board., This
removes the ground return from all stepping switch coils,

2, Provide a single pole single throw switch and wire it to
pins FF and HH of the printer connector found on the rear
of the Digital Voltmeter, This switch, when closed, now
replaces the soldered jumper removed in step (1) above.
When the Digital Voltmeter has balanced, and a print out
is desired, this switch should be opened, thereby pre-
venting stepping switch operation (and therefore a change
in reading) during the data printer's print cycle, This
switch must be closed again to permit the Digital Voltmeter
to rebalance,

3. Connect printer connector pins L, X, J and w to the power
required by the data printer's "numerical print" solenoids,

iy Connect printer connector wires lsbeled P1 through P9 (see
Digital Voltmeter schematic for printer connector pin
numbers ) for each decade to the corresponding "numerical
print" solenoids in the data printer,

5. Connect printer connector pins DD and AA to the power source
required by the data printer's "decimal print" and "polarity
print" solenoids, respectively,

€. Connect printer connector pins BB and CC to the data printer's
"polarity print" solenoids (BB is for a "polarity positive!
print, and CC for "polarity negative®),

7« Connect printer connector pins x,y, and z to the data printer's
"decimzl print" solenoids, Pin x is for decimal point in the
right most position, pin y for decimal point in middle, and

pin z for decimal point to the left,

8e Connect printer connector pin EE to the data printer "zero
numerical print" leads. This enables printer to print zero
if digital voltmeter displays a zero in any decade, and causes
a blank to occur on the printers record if any data is missing.

NOTE: Special wiring of the printer connector has been provided on
various models for some customers. Check the verbal instructions given
above against the wiring schematic for your particular instrument before
proceeding with printer wiring,
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MHFORY OF OPERATION The Digital Voltmeter is an automatic potentio-
meter which generates a “feedback wvoltage" proportional to the unknown
input voltage which we wish to measure., Any error existing between the
feedback voltage and input wwltage drives what we might call a digital
positioner to adjust a voltage divider to bring the error tc zerc. When
zero error is achieved, the Digital Voltmeter is "balanced", and the unknown
voltage may quickly be read on the Digital Voltmeter's visual readout,
Figure 1 shows & simplified diagram of such a system,

Figure 2 shows the actual system in more detail, ‘e standard cell,
antomatic range decade attenuator, automatic polarity reversing switch
and reference battery are not present in 211 models, The voltage divider
is shown as 2 potentiometer for simplicity but is actually a Kelvin-Varley
voltage divider composed of preecision, fixed, wire wound resistors, From
figure 2 it may be seen that the maximum feedback voltage is 10 volts in
mnodels containing internal reference batteries, while the unknown input
voltage can be much greater, A range decade attenuator is, therefore,
employed to permit achieving an eguality of input voltage and feedback
voltage at the chopper, which condition is called "bazlanced", The
unknown voltage and feedback voltage are alternately sampled by the
chopper, which is synchronized with the 60 cycle line voltage, and impressed
across the error amplifier., Thus, the error amplifier input is a square
wave vhose amplitude is proporticnal to the difference between the unknown
and feedback voltages, and whose phase is either O or 180 degrees with
respect to the 60 cycle line depending upon whether the feedback voltage
is greater than or less than the unknown voltage at the chopper. See
figure 3,If the difference between the unknown voltage and the feedback
voltage at the chopper exceeds 1 millivolt, an amplifier output appears
as pulses on either of two wires. If the feedback voltage is higher than
the unknown voltage at the chopper, pulses appear on one wire only., We
call these " down pulses", If the opposite condition prevails at the
chopper, pulses appear on the other wire only, We call these "up pulses",
These pulses are fed through contacts on the stepping switches in the
range, polarity and voltage divider decades, and then through the coils
of the steppi-g switches one at a time in a logical sequence which causes
the digital voltmeter to balance, If balance is not achieved by switch=
ing resistors in and out of the voltage divider; the switching logic
causes actuation of the polarity switch and/or range attenuator switch
to cause balance., Additicnal contacts on the stepping switches are
employed to energize the visuval readout and data printer leads,
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