




























Section IV 
Paragraphs 4-1 to 4-9 

Digital Voltmeter 
Model 451 

SECTION IV 
MAINTENANCE 

4-1. OPERATIONAL ADJUSTMENTS. 

4-2. AMPLIFIER GAIN CONTROL. When amplifier 
gain is insufficient, the visual readout display will not 
respond to input changes of 1 or 2 millivolts. On the 
other hand, excessively high amplifier gain may cause 
instability in the readout window associated with the 
first decade. The following procedure should be fol­
lowed to adjust amplifier gain control R9, shown in 
figure 4-1: 

1. Press the CALIBRATE switch pushbutton and 
observe a numerical readout display of 1018 or vicinity. 

2. Slowly turn the slotted CALIBRATE rheostat 
shaft in a counterclockwise direction. Observe the 
magnitude of the decrease in readout display. If the 
readout display decreases in steps of 1-2 millivolts 
and no instability is encountered in the readout window 
associated with the first decade, no adjustment of ampli­
fier gain should be made. 

3. If the decreases observed in step 2 were greater 
than 2 millivolts for each change, increase the gain of 
the amplifier by turning R9 slightly clockwise. Repeat 
steps 2 and 3 until decreases of 1-2 millivolts are 
observed. 

4. If instability develops in the first decade readout 
window, turn the gain control counterclockwise until 
the instability just disappears; then repeat step 2 to 
make certain that the readout display decreases in steps 
of 1-2 millivolts as R9 is rotated slowly counterclock­
wise. 

5, Recalibrate the voltmeter in accordance with the 
procedure given in paragraph 2-10. 

4-3. HUM CONTROL. Proper adjustment of the hum 
control, R35 (figure 4-2) is facilitated by the use of an 
oscilloscope. To make this adjustment, proceed as 
follows: 

1. With power turned on, apply a voltage between 
±10. 00 and ±99. 99 volts to the input terminals of the 
voltmeter. 

2. Connect an oscilloscope to either of the two test 
points on the amplifier assembly and observe a square 
wave. (The test points are indicated in figure 4-1.) 
To increase the amplitude of the square wave, \lary the 
CALIBRATE rheostat slightly until the square wave is 
more apparent on the oscilloscope. (If the control is 
moved too far, the reading will change; this should be • 
avoided.) 

3. Adjust hum control R35 in either direction for 
an optimum square wave. 

• 4-4. REPLACEMENT OF COMPONENTS. 

4-5. REFERENCE BATTERY REPLACEMENT. The 
reference battery consists of a series of mercury "A" 
cells stacked in a phenolic tube. The need for battery 
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replacement is indicated by inability to obtain a visual 
readout display below +1. 018 volts when the calibration 
rheostat is turned fully counterclockwise, and excessive 
reference voltage drift, as evidenced by a frequent re­
quirement for calibration. 

4-6. The reference battery is mounted on the underside 
of the amplifier assembly, as shown in figure 4-1. The 
phenolic tube containing the mercury cells is fitted with 
one stationary and one spring-loaded end plug. The 
diameter of the spring-loaded receptacle is smaller than 
that of the stationary plug. The mercury cells, 9 to 11 
in number, are assembled in the phenolic tubes in such 
a manner that the polarity of the spring-loaded end 
plug is positive. The use of end plugs having different 
diameters makes it impossible to install the phenolic 
tube battery improperly. 

4-7. READOUT IAMP REPLACEMENT. Replacement 
of individual readout lamps is accomplished as follows: 

1. Remove the front escutcheon plate by removing , ., 
the two Phillips head screws employed to secure it. 

2. With the readout assembly now exposed, note 
that it is mounted on two guide posts, one at either end, 
and is secured in place by an Allen head set screw at 
each post. Support the readout assembly with one hand,· 
and loosen the Allen head screws with the other until 
the assembly slides down, e.xposing the inverted readout 
illuminating lamps. 

3. Remove the burned-out lamp and replace it with 
another, using the same spring that was removed with 
the lamp. If other lamps are accidentally dislodged, 
make certain when replacing them that they are in­
serted in the correct holes. (See figure 1-3. ) 

4. Slide the readout assembly up into its former 
position, and, with one hand, hold it securely in place 
against the spring tension resulting from compression 
of the lamp springs; with the other hand, tighterr the 
Allen head set screws. 

4-8. LUBRICATION. 

4-9. Periodic lubrication of the stepping switches has 
been found to greatly extend their life and improve their 
performance. Under conditions where the digital volt­
meter is used daily, lubrication at three month intervals, 
or after 200,000 readings (whichever occurs first), is 
recommended. To lubricate most points, a #4 Artists 
Sable Rigger brush is used. A "dip" is the amount of 
lubricant retained on the brush when it is dipped 3/8 
inch into the lubricant and lightly scraped on the edge 
of the container to remove excess. Avoid excessive 
lubrication. To lubricate the stepping switches, re­
move the voltmeter cover and the stepping switch assem­
bly and follow the procedure outlined in Table 4-1. 
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Figure 4-1. Amplifier Assembly, Top and Bottom Views 
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Section IV 

POWER CORD 

P3 

Digital Voltmeter 
Model 451 

K3 
TIME DELAY RELAY 

~PO~>R 
SWITCH 

Figure 4-2. Power Supply Assembly Top View 

LUBRICATION POINT 

Wiper assembly bearing 

Each pair of wiper 
contacts 

Inner sides of each pair 
of wipers where brush 
springs ride 

Armature bearing 

Pawl bearing 

Pawl sprmg hooks 

Off-normal ca.in lobes 

Ratchet teeth 
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TABLE 4-1 

LUBRICATION CHART 

TYPE LUBRICANT 

Clock oil or equivalent 

Clock oil or equivalent 

Clock oil or equivalent 

Light mineral oil 

Light mineral oil 

Light mineral oil 

Light mineral oil 

50-50 mixture (by volume) 
of powdered mica and 
clock oil 

LUBRICATION PROCEDURE 

Apply one dip near the pointer. 

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

Apply one dip of oil at the points 
indicated. 

Apply one dip to each side of bearing. 

Apply ~ne dip to each side of bearing. 

Apply one lean drop to the hooks at 
the eyelets. 

Apply one very lean dip to the lobes. 

Apply two dips to the ratchet teeth, 
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 understaming 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 rea~out 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, 
etc. Consider the possibility of maladjustment of gain, 
calibration, or hum control adjustments. Make use of 
the fact that the neon tubes, V7 or VB, glow when "up" 
or "down" pulses are being produced by the a!llplifier. 

4-14. PULSE TRACING. The use of an oscilloscope 
can greatly facilitate the isolation of troubles ll1 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 indicate 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 Kl), 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 spr"ing 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 

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

PULSE ACROSS STEPPING SWITCH COIL 

POWER SUPPLY OUTPUT PULSE 
( OPEN CIRCUIT I 

Figure 4-3. Typical Waveforms 
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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 view.ed from 
its coil end. To adjust this spring for proper tension, 
apply 105 volts de 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. 

17 
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Section IV 
Paragraph 4-17 

TUBE 

V2 

V3 

V4 

V5 

V6 

V9 

VlO 

TABLE 4-2 

TUBE SOCKET VOLTAGES AND RESISTANCES 

PIN 1 PIN 2 PIN 3 PIN 4 PIN 5 PIN 6 

+160 0 +l. 7 6. 3V ac 6. 3V ac +135 

INF. INF. 210K 0-100* 0-100* INF. 

+165 0 +l. 65 6. 3V ac 6. 3V ac +150 

INF. 4.7M 205K 0-100* 0-100* INF. 

+150 0 +1. 55 6. 3V ac 6. 3V ac +140 

INF. 4.7M 305K 0-100* 0-100* INF. 

-7 0 6. 3V ac 6. 3V ac 0 165V ac 

2M 26K 0-100* 0-100* 26K 20 

-7 0 6. 3V ac 6. 3V ac 0 165V ac 

2M 26K 0-100* 0-100* 26K 20 

-50 - 6. 3V ac 6. 3V ac - 165V ac 

2M 100 100 100 100 20** 

-50 - 6. 3V ac 6. 3V ac - 165V ac 

2M 100 100 100 100 20** 

Digital Voltmeter 
Model 451 

PIN 7 PIN 8 

0 +l. 7 

INF. 210K 

0 +1. 65 

0 205K 

0 +l. 55 

0 305K 

- -

- -

- -

- -
- -

100 -

- -

100 -

*Varies from O 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 
trouble shooting chart to indicate the troubles most 
commonly encountered and their causes. It is intended 

to serve as a guide to the technician who has studied 
the theory section but who lacks practical experience 
with the equipment. 

18 
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Digital Voltmeter 
Model 451 

TROUBLE 

Entire visual readout 
fails to light up. 

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

Unstable display in 1st 
decade readout window. 

TABLE 4-3 

TROUBLE SHOOTING CHART 

PROBABLE CAUSE 

POWER switch in off position. 

No 110V ac line voltage. 

Power cable defective. 

Fuse blown. 

No 6. 3V ac. 

Defective readout indicator 
lamp. 

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

Amplifier gain too high. 

Excessive ripple on unknown 
d-c input voltage. 

Stray noise voltage being 
picked up. 

Microphonic 5751 1st 
amplifier tube. 

Unstable 5696 thyratrons in 
power supply. 

Faulty reference battery 
connections. 

Decade 1 stepping switch 
contacts making intermittent 
contact. 

Section IV 

REMEDY 

Turn on POWER switch. 

Trace line failure. 

Repair or replace cable. 

Replace fuse. 

Check for 6. 3V ac at various 
points. 

Replace lamp. 

Trace 6. 3V ac line through 
the associated stepping 
switch. 

Adjust amplifier gain as 
described in para·graph 4-2. 

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

Connect chassis of digital 
voltmeter to good earth 
ground. 

Reverse 110-volt ac power 
plug. 

Replace 5751 tube. 

Replace 5696 tubes. 

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

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

19 
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Section IV 

TABLE 4-3. (Continued) 

TROUBLE PROBABLE CA USE 

No error signal. 

Readout display will 
not increase. "Up" pulses missing. 

-
. 

Low line voltage. 
(Less than 105V ac) 

No error signal. 

-
Low line voltage. 

Readout display will 
not decrease. 

"Down" pulses missing. 

Readout display will 
Printer receptacle plug 

not increase or 
P7 not installed. 

decrease. Low line voltage. 

Readout display de-
creases in steps of 
more than 2 millivolts 
when input voltage is Low amplifier gain. 

decreased very 
slowly. 

Visual readout display Feedback voltage missing 
increases and stays at at pin 4 of chopper. 
999. 9 volts when input 
voltage is less. 

Defective chopper. 

20 

REMEDY 

Replace chopper. 

Digital Voltmeter 
Model 451 

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

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

Replace V6 of amplifier and VlO 
of power supply. 

Replace defective neon tube V8. 

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

Remedy cause of low line voltage 
or employ a Variac. 

Replace chopper. 

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

Correct cause of low line voltage. 

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. 

Insert plug P7 into its receptacle. 

Correct cause of low line voltage. 

Adjust amplifier gain as described 
in paragraph 4-2. 

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

Replace reference battery. 

Re-establish continuity of 
reference voltage circuit. 

Replace chopper. 
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\(i~~PER FOR \y AND, 

P7 

TB2 

J7 

Sa 
RANGE 
SWITCH 

S4 
DECADE I 
SWITCH 

Figure 4-4. Stepping Switch Assembly, Top and Bottom Views 

S3 
POLARITY 
SWITCH 

Section IV 

REA~T 
ASS~~~G 
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Digital Voltmeter 
Model 451 

NOTE: HARNESS OF WIRES FROM STEPPING SWITCH BOARD TO RECEPTACLE J7 NOT SHOWN. SEE FIGURE 4-6 FOR SCHEMATIC 

CODE 

C 
LO,ll··L9 
L+ 
L-
LD 
Pl·· P9 
P-
PD 
PPC 
PDC 
PW 

I ! 
,,c 0 0 0 o,oco 0 0 PDO OLD 1mno ,00 OLD IMID.10 

0 0 3 0 OLO 0 OLO 0 OLO 
,_ 0 0 0 Pl 0 Oll ,, 0 QLI Pl 0 OLI 

0 0 1'10 OL2 PIO ou P2Q Oll 
0 0 L- Pl0 OLI PIO Oll Pl0 0 Ll 

0 0 Pf 0 OL• P40 ou P•O 0 Lf 
0 0 P5Q 0 LS PSO QL5 P5Q Q LS 
0 0 P6 0 Ou '60 OL♦ P6Q 0 l6 

0 0 l+ P7Q OLP '10 0L7 PIQ 0 L7 
0 0 PIO 0 LI PIO 0LI PIO ou 
0 0 "'0 ou "'0 QL9 P90 0 lt 
0 0 ,wo oc PWO Oc ,wo oc 

DECADE 4 DECADE 3 DECADE 2 , 

C.ONNECTS WITH CODE CONNECTS WITH 

COIL OF CORRESPONDING DECADE I 
CORRESPONDING NUMERAL LAMP IN READOUT 2 
+LAMP 3 
-LAMP 9 
DEC. PT. LAMP OF CORRESPONDING DECADE I 0 
CORRESPONDING NUMERAL IN PRINT DEVICE 11 
~IITT- 12 
PRINT DEC. PT. OF CORRESPONDING DECADE 
PRINT POLARITY COMMON 
PRIITT DECIMAL COMMON 
PRINT WIPER OF CORRESPONDING DECADE 

RANGE COIL 
POLARITY COIL 
PULSE OUT 
SHIELD GROUND 
SWITCH SHIELD GROUND 
SIGNALGND 
FEEDS-ACK 

,oo OlO IRtGliTl 

0 OlO 
PIO QLI 0 0 
,10 Oll 
,10 OLI 
,,o OL◄ 

PSQ 0LS 
••o ou 
PIQ ou 
PIO Ou 
P90 0 lt 

PWO oc 

DECADE I 

CODE CONNECTS WITH 

I 3 RANGE OUTPUT 
14 RANGE INPUT 
15 PWR.GND. 

16 COil COMMON 
• 17 6.3V AC 

I B DOWN PULSE IN 
19 UP PULSE IN 
20 -REFERENCE 
21 +REFERENCE 
22 CHASSIS GROUND 
23 LIGHTS COMMON 

Figure 4-5. Stepping Switch Mounting Board, Wiring Code 
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WIRING FOR SERIAL NUMI - ..... 
J 

r THROUGH 20 

4 
2 
6 
8 
9 
r 
5 • 7 • ~ .... 

Jl Pl 

CK VOLTAGE --------------------------------

I) RELAY 
STRUCTURE 

R7'1 

R80 

Res ~ 
0 

R86 t; 
vi 

R87 ~ 

Ree -

.,,. 
DECADE 4 

NUMERAL READOUT LAMPS. I 
TYPICAL ALL DECADES. L 

117 THROUGH )52) 

,w 

t.,. 
4 .1)4 .. 

10 .1)4 .. 

11)410 

.1>4LI 

• 1)41) 

.1)4 ... 
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::; 
0 

!3 
0 
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I READOUT 

.J ASSEMBLY 

----

PW 

~1 

4 

6 

8 

9 
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11 

STEPPING SWITCH ASSEMILY 

DECIMAL POINT I LEFT) 

IOIPO I ono 

eo, .. eo,u 

eom eDJLI 

eom •01u 

eoi,, •011, 

eoi,s •.• Dll5 

eom •011• 

eom eo1L1 

.c----I CJ 6 <f"L 
.=.> 

~------------- -
·1 -----

1 

l 
I 
I 

CRI CR2 

+ + 
CRl CR4 

V9 
2021 

cJ_:__ __ __, 

!I 
PILOT 

7 'jll 30/'-
POWER SUPPLY,- fl '' .._ ___ _ 

L ______ ---- ---------:-

TO ACCESSORY PRINTEII' 

DECADE I DECADE 2 DECADE l 

DECIMAL POINT (~/OOLEI 

,w 

: lo,,. t,u 
4 eo,,. eo11, 

s eo,n eo,u 

6 eom eo,u 

7 .DIN e02u 

8 eo1,s eou.s 

9 eom •011.• 

10 •02n eom 

II • oi,1 • Olli 
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CRl+CR◄ 

hi't 
·t 

l'OWER SUPl'L Y 
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TO ACCESSORY PhlNTER. 

A B C D E F H J K L M N P R S T U V ,W X Y Z a b c d • f h • 
----------- I 

Sm'l'ING SWITCH ASSEMBLY 

S2 
PS 

I 11sv AC 
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GROUND 

y •1AABBCCDDEEFFHH P7 
I 17--

NOTES 

I •• ?.:~;t~E:ocomACT ON STEPPING SWITCH BOARD. ( SEE 
It INTERPRETATION OF LETTER SYMBOLS). 

2. t,LL CAPACITOR VALUES ARE IN MICROFARADS UNLESS 
OTHI RWISE NOTED. .. 

l. PINS Y ANO • OF PLUG P7 MUST BE INTERCONNECTED AS 
SHO VN FOR NORMAL OPERATION OF DIGITAL VOLTMETER 
WITl·OI/T PRINTER. 
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tho o tlet recept cle in a nosition rotated 180 degrees from its 

into 
pr"viOU 

po ition h in re cing effect6 of stray pickup. 

.... 
1 
k 
1 
r 
:m 
l. 1 

fro 
iD f 

in 

c, n ct e facto 

nt oil ath to conetan 
es, their trouble free ,. t.hat e inst nt. be . 

i: switches will be CO?l!; 

s.llaticn .el i" rer;111 e , it is 
te r nd s le on the lcpi1 pa 1 
0 th digital volt:neter whi h may then be 

it y k t 1 vel 

ther infer ati non such i t llatio. 

e Digital ol t t r is ' si ned to oper te 
al r ting cUITont line. e instrument 

ccesei le, 2 , ype • tlefuse. 

'!'o n ~u, ... c.;:,.:, to he inp t termin , 
pla + of the in trurr nt 
the Jones strip inp t erminale as ollowe: 

( 1 Pns i. 11) 
( er:ative") 

cti 1n t. paraT::iph headed I 
of ect ru:1ag tic r iat • n are 

y 
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1B. AJ 
reaJy 

me models. 

I wer cor o a 60 
Obs r-v tr the 

ing elin;inate 
i:r..c. -e i 

cf"lls incl 

models of we Die tal ol mete contain standard 
c t.l b low standardize,· Ll e nstrunon 

rE nee , • high ace ol ta.ge 
br n pa " d he me 

..rm-up • c n of y 
ceca. on io:is o a • g 
re formaci j r al na 

Oe'Pre~s the Ca ibr:-te swi ch on the f:ro t panel. 

2. bse rea<li 
cell and 9167 if 

del c ntains ne stan 
standard ce1lla • 

:3. ould the reading be other than listed above, con inua t 
hold the calibrat.e m,d.t in th d~pressed p ... sition and 

r j tSt the Ca.llbrate control until the proper reading is 
chlc d., 

e C ibr te control i accessibl for screwdriver adjustnEnt 
through a hole in he fl-on panel adjacont to the Calibrate s.nteh. In 
:rac ount mod.els the hole s covered b a .urle acrev which must 
irst be remo • 

1 O~i (a) Slnee the instrument':; automatic decimal point 'ocating 
r decade attenuau:ir is not connected when the Calibrate switch is 
depressed, the d cirnal point will remain 1'.herever it hap ned to be ng 
the laet r ading '1,.li does not &ffect the, Ca.libr'ation in aey wq. 

~b lhe e •• r. of oh standard cell has be n c rt1£ied 
tc b within + • 1% of 1.01659 volts absolute ~t 29° C., The e.m.f., at 
various temper tu.res is as fo O'W3: 

JS 

887 859 836 

30 

810 

35 

7Bo 

40 

71'8 

Standard ll e., • i aomev:hat a.ff cted wilen it is a.ken. !ormally 
th"is cams s no troub1e in i struments of o. accuracy. en using 
instrum!n of o.o. ~ accuracy to the accuracy llnd.t, it ·s advisabl 
ot t.o move the instrument fr m one location tci another for 20 mi.nut.es 

prior to such \U1e., Aft r severe motion, such ae tltat encountered during 
shipment, longer period:) are adv!s le. 
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GONNECTIO!I OF '":X'IBPJW.. REFERENCE VOLTAGF ON MODF.LS REQUIRING S&'iE 
Such models are most generally used in conjunction wi tl1 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. is external source replaces the reference 
batteries incorporated into other models of the Digital Voltmeter to 
energize the Digital Voltmeter's nnigital Voltage Divider". In computer 
application a reference voltag of plus and minus 100 volts is·most 
commonly used. The reference voltage is connected to the sams input 
connector (Jones strip) as is the unknown input voltage. See paragraph 
headed CONNECTING 'IHE INSTRUMEUT. Connect the external reference 

voltage as follows: 

Terminal l - Positive 
Terminal 2 - Negative 
Terminal 3 - Ground 

Improper connection can result in short circuits, or readout dis­
play of all 9's or all 0 1s. Excessive ripple on the reference voltage 
can result in enatic readings on the Digital Voltmeter. 

ADJUSTMENTS ~e Digital Voltmeter contairui three adjustments: 

1. CALIBHA 'I'ION: Refer to paraP.:rapb with this main heading • 
. 

2. AL LIFIER C'u\IN: 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. 

Fer best 0 1.eratio , the r~it"l Voltmeter s ould be operated at an 
amplifier gain setting of 1 millivolt. When ampl.ii'ier gain i not high 
e ugh., the vi~· 1 rea out di play -will not respond to inp t voltage 
ch nges of 1 millivolt. rxcessivel.y high a.-raplifier gain may cause 
lnstabili ty in the reado 1t window associated with the fir~t dec~de. 'Ihe 
f o lmdng Drocedur ould be fol o-"'ed en adjusting ampli.fier ea:i.n: 

a.. Ma· ntain closure of the Calibrate switch and observe n 
reado~t di plav in the general range of 1018 or 9167. 

b. Slcr,ily turn the slotted c libro.tion rheostat !'l\;aft, which 
1s accessible from the fl-ont panel, in a co ter-clockwise 

irecticn. nbser~re the 1'11.!:.gnitude of tl1e decrease in readout 
display. Tf the rcado• t ·splay decreases in ste s of 1 
mi.llivo t and no instability is encountered in the readout 

"ndow a~sociated ·ith t: e r·rst decade, no adjustment of 
am lifier ·n s! oul be made. 

c. Ii' «10'.-.rly rot.a.ting ti e calibration rheosta shaft c unter­
clockwise results in a ecrease o 2 or more millivolts in 
the readout display, the a.'"!\ lifier ain should be increased 
b t. ·n t c slutteJ gain co tr~l p tentiometer shaft a 
"'Iri.?l. aJ11O' • in the clockwise direction. P..ecrecL the amount 
f reado t :~ lay dr pc.ff and repeat amc:ifieT gain a!just­

ment • .ecessary. Jn general, -'-":.e eain __;_~ ... "t ro'P{r1y 
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t..en t, e A.rr:t 1•~·er ga '"'0ntrr:1. --~ri" i.s :c-c:.;ti nert 
9 ·o ." rnr ..el-,· n1 -w-•r tet-.;'"'en tJ r, '.:.o s. 

rf. "f instanill ty evelops in the reado• t wi .. o-., -s-;ociated with 
t'·e r· t ..ieca , turn t·,e gain control counter-clocln,;ise 
•mtil ins.;ahili ty ~'is ppears, an :i the rea out li lay de~rease" 
in steps of 1 mi lli ·ol t as the ca ibration .tieostat shaft is 
t rnerl slowly counter-clockwise. 

e. Adj •5t ~ c ibr~tion rheostat shaft until the readout 
displ·-iy io::; as in step (a,. 

f. Momentarily ooerate tr.e Calibrate switch. Toe gain an.4 
cal.i"bration settings h.1ve been properly made and the 

• gital oltmeter is now !°eo!' for use. 

J. .!i..E._~'2_;~: This ha been properl.v adjusted at the factory, 
nd sho ild require n further adjustment. 'Ii e hum control potenti meter 

i p::-ovided on the power supply chassis to aid in pr~ venting stra., pick­
,. and ripple originating o 1tside the inst.rw!lCnt from a.ffectine the 
amplifier. 

1' set the h control properly, proceed as follovs: 

a. Provide an input voltage for the i:i trm,ient. Set tic in ut volt­
age to obtain middle decimal point position on 4 igit models 
an-' r· ~.t most. decimal ,osi tian on 5 diP,it mod ls. 

b. onnect an oscillMcope bet reen amp ifier ground nd either 
pl.:i.te pi 1 or 6) of he last 12AX7 v 1 tage amt lif • er. The 
latter are available as test po'nts cons ting of Bhor, 
sc,lid w1.res protruding upuard besid the 1 t l X7. 

c. hserve the 1aveform "'! mm in Figure J. 

ct. Ac j st the hurt control to obtain as s uare a waveform as 
possib e. 1is is tre condition or mot effective h . 
control positioning, A per ectly s liU"e ~raveform is not 
ossi le to achieve. 

a. dj , tment now proper ancl need not, !-le ~anged ag,.d n nles 
the "tray pickup at the test site c'1 ncres considerably. 

HOlli: Fresh batteries only s· oulct be used as an inp t so ce f r 
e Diei tal Vcl tmeter when adju. tine huro control. When -weak or high 

internal impe ~ ce batteries e •seri, the numerical readout 'Will drift 
as the· put filter capacit r c.arec~ nd a the b ttory recup rates 
qlo :ly from i • tial conr.ecti:m to the Di ital .ol tmeter filter. 

RA TE OF POLL G 'lhe Digi ta1 Vol tmete i de3igned cnly for 
meazuring direct cu..'l"Tent •olt-ges. At e cho-pper, a difference of' 
on ITli.l ·volt bot reen the unknown input :i feedback vol~e will ca: e 
tre stepp'ng t h oil to come e r ized. n e Di ital Voltmeter 
w-:i.11 ai ... hful.1..v 11 ow an • ncred,s~ in nnknmm ino t vol t..'lge if the rate 
of cl ~illge does not exceed l mi"'..livolt at the c pper in 1/60 s cond. 
Beca so uni • ctional stepping dt es ;-;re sed • t will follow 

ecreas n~ v ltag,s 011.y if ,e r~te of ch~Ilf.e loo~ n t exceed l .il ~-
lt in 11/60 By 11fo low, ng11 is meant , chievin a te or- , 
t, tee~ 
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1. chemi a 
drift, a u 

t ce non low sensi s 
~5 c n-zi ttBr,r ·s 
Vt"'lt r t"'e read • oft n j ncr lv 
d ca or 5 to 10 s. What occurs he ;_; 
battery .;s char 'ng ·1ter capacitor ·ncorporated into 
the • gital Vol tm ter i np connec .i.o o... ti e b ttery 
ca s s the batt-..ry• 1 sharply, tne1 rise slowly 
as i... n te and ter or "harges f 
the hir, r inpe i ti ularly true 
of old es. Remo ter capacitor may be 
attempt t ften le e ca sod by pick 
u and in ct· et an batteries. 

'tal eter's tt c1 .f c 11 ) 
o~ t· ~ to e e inst .Jnt is 

on. . •ring is t:· ec o cru.ibrate the 
• nstru.'T!ent aga1.nst t.1e stan l].J if 6eat 
a~c-u·ac is equired. .,' e r battc I s 
changes a:re relat·: vei:y o 10 arge impredic-
table errors. 

S me ... o c n n ab"'olute dir ct c irrent 
l c _ refere ced against the standard 

ce 1. 'll1is eplaces t e mercury cell referen battery 
co. letely oes aw ~ with t ca i tion roe u..""e listed 

erein. Di tal oltroote:-s can e 1io<lified to include his 
feature ta nominal cot. 

J. Drift nd oise pro lerns a."'8 o ten racea l tot-a iated pick­
up an circulating currents in st cabling external o t 
Digi ta1 Voltmeter, and al o to ripple present i tl e unknown 
input voltage urce. 

4. 'lhe Di tel oltroeter's reacuion to noise i~ a :f'unc ion o 
noi e quency pectrurn d nose e angle relat to 
th 60 cycle li • 

TI:R COUNECl'IO Circuitry r quir d for co ectiug a ta printer 
is in orporated into the Digi Voltmeter. 1 is gr t.ly enhanc s the 
instrument's versatility by furnishing permanent • printed reco of 
voltages easured by the instrument w1 thout inte fering w:i. th the i tru 

nt 's vi 1 readout. Further versa till ty is ac ieved with the AU TO it\. TIC 
PR.I IT CO TROL cLEC'IDR, also manufactured bv fon-Linear gy terns, which 
permits either ir.anual or automatic, una.ttended, cycli"'al printing of 

oltage data rom the Digital Volt ter. Conrolete syste ir1cluding 
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Digital Voltmeter, automatic print control selector, data printer (either 
Clary Digital Recording ?1achine or electric typewriter) and all necessary­
cables a.re also available. Also, tile print control can functioim to feed 
an IBM Sun:una.ry Punch. 'lhe Digital Voltmeter's printer output is of the 
11parallel entry 11 type. That is, a wire is brought out for each step 
(1 to 9) of ea.oh decade, and one wire from each decade (co?Tesponding to 
the number displayed on the Digital Voltmeter's visual readout for ~qat 
decade) is energized simultaneouszy along with one wire from all other 
decadel!. 

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

1. Remo"7e the jumper soldered between terminals 15 and 16 
of the stepping switch wrl. t printed circuit board. Thiis 
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. is 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. 'Ihis 
switch must be closed again to permit the Digital Voltmeter 
to rebalance. 

3. Connect printer connector pins L, X, J and w to the powe.r 
required by the data inter•s 11numerical print 11 solenoids. 

4. Connect printer connector wires labeled Pl t~rough P9 (see 
Digital Voltmeter schematic fr printer connecto pin 
numbers) for each decade to the correspondi:-ig 11numerical 
print't "'Olenoide in the data printer. 

5. Connoct printer connector pine on and AA to the power sourc 
requir-ed b;y +-,he data . rinter I s "decimal print" and 11polari ty 
printtt olenoids, respectively. 

6. Connect printer connector piru, BB and CC to the data printer's 
"polarity pZ"int 11 sclenoids (RB 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 
"rlecim.a.l print 11 o en ids. Pin x is for decimal oint in the 
rig!1t most posit n, piny or dec~Jl'lal point in middle, and 
pin z for dee ma.1 point to the left. 

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

NOTE: Special wiring of the printer connector has been provided on 
varioiis'iii.odels for some c tamers. Check the verbal instructions given 
above against the wiring schematic for your particular instrument before 
proceeding w1 th printer wiring. 
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nr;;:oqy f'"' OP:-,RA TT or; The :it:i tal ·rel tireter • s an a. trmatic otentio­
meter w ic.:~ genel"Ptes a 11fee 1foack V' 1 t:ige" proportional to t.J-,e unknown 

:n:;:'it Yol t: ge 'ltlier we wish tr mea. ure. Arr;_r error existinp between the 
feedb~k voltage a"'ld input ~lta(.,e dr. ves wllat we might call a dig' ta1 
posi ti oner to a ijurt a voltage divider to bring tLe error to ~ero. When 
zero error is ac ieved, toe Digital Voltneter is 11oalanced 11, an the unknown 
volt ge r,a~• q\,ickly be read on vhe D-lgital Vo1tmeter's visual readout. 
Fi1~ure l ~~iow~ a s mplified diagram of such a system. 

Figure 2 s 11cws the actual system in n.ore detail. ~1e standard cell, 
a·1to a.tic ranr,e decad-'! attenuator, a tomatic polarity reversing switch 
and reference battr--ry are not present i all models. The voltage divider 
is shown ~s <l :i:otentiometer for simplicity but is actually a Kelvin-Varley 
voltage ~.ivider composed of precision, fixed, wire wound resistors. From 
figure 2 it may be seen that the max.imum feedback voltage is 10 volts in 
models containing internal reference batteriP , while the unknown input 
voltage can be much greater. A range decade attenuator i~, therefore, 
employed to permit achieving aJ"\ eq ality of input voltage and feedback 
voltaee at t.'le d:lopper, which condition i called "b.'.llanced". The 
unknown voltage an feedrack volta e are alternately sampled by the 
~hopper, which is sji--nchronized with t}e 60 cycle line voltage, and impressed 
across the error amplifier. us, the error amplifier input ·s a square 
wni,-e ,ihose amplitude is proportional to the difference between the mown 
a d feedback voltages, and whose phase is either O or 180 degrees w.i. th 
respect to the 6o cycle line depending pon whether the feedback voltage 
is eater 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 
a5 pulsea on either of two wires. If the feedback voltage is higher than 
the unlrnovn voltage at the chopper, pulses appear on one wire only. We 
call these 11 d01-m pulse ". f the o osi te condition prevails at the 
chopper, pulses appear on e other wire only. We call these 11up pulses" .. 
1'rese pulses ar fed through contacts on the stepping swi tche~ in the 
range, polarity an voltage divider decades, and tl:en thro 1gb the coils 
of the stepp e switches one at a ti."lle in a lo ical sequence which causes 
·.,he '.ti ital voltmeter to balance. If balance is not achieved by switch­
ing resistors in and out of the voltage divider, the switc ing logic 
causes actuation of the polarity switch and/or range attenuator swi tc 
to C£use balance. Additional contacts en the stepping switches are 
employed to energize tr.e visual readout and data printer lead.B. 
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