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Build This

ELECTRONIC COMPUTER

At the quick spin of the dial it adds, subtracts, multiplies or divides.
By MORRIS GROSSMAN

ARVEL of the space age, the electronic computer in a fraction of a second

can solve problems which would take a team of mathematicians years

to work out. Unfortunately, the giants are much too expensive and sophisticated
for solving down-to-earth problems involving ordinary arithmetic.

Using many of the techniques found in its bigger brothers, our computer
can add, subtract, multiply and divide. And it does so in decimal numbers with
direct readout to six figures (999999). Operation couldn't be easier. Push a
button to clear, turn a switch to the column of figures you want to add, then
dial in the numbers, You see the answer instantly and directly on glowing neon
lamps.

The computer is a complicated and expensive project. However, you'll be
paid back many times over by the use and experience you'll get from it.

The Big Picture
The computer consists of four functional parts (see Fig. 14). They are: 1)
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ELECTRONIC COMPUTER
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Fig. 1—Simplified counter: NL1 is on. NLZ off.
Input pulse tums NL1 off, NL2 on. Next input
pulse turms NL2 off, next lamp on. NL1 siays ofl.

Six decimal decade counters which count
pulses and provide a readout on neon lamps.
2) Six buffer/inverter amplifiers which carry
pulses from one decade counter to the next
higher decade counter. 3) A regulated power
supply. 4) A telephone-dial input device. A
reset switch sets all the decade counters to
zero. A six-position rotary switch selects
which decade counter the telephone dial's
output is fed to.

How it Adds

You may not realize it but when you used
your fingers to help you with addition and
subtraction, you operated the first computer.

"Our computer’s operation is based on the
same principle. Let us say you want to add
3 and 5. You would first count 1, 2, 3 on
your fingers by bending them. Then you
would continue: 4, 5, 6, 7, 8. In a similar
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Fig. 2—Neon-lamp aging circuit. Adjusi the
potentiometer unitil the vollage drop across
the resisiors averages out to about 30 V,

Flg. 3—Lamp classifier. Halse wvollage on
each lamp and measure when it lighis. Low-
er voltage and measure when lamp goes off.

manner, dialing a 3 into our computer, puis
three counts, or pulses, into a decade coun-
ter, and the 3 lamp lights. Dialing the number
5, introduces five more pulses, and the com-
puter continues on from lamp 3 to lamp §
which is the answer,

As you may recall from finger-counting,
if the sum of two numbers is greater than 10,
a problem arises. You had to remember when
you passed 10 after you continued counting
from your second hand back to your first
hand. Thus, if the numbers to be added were
9 and 3, you would have first counted to the.
number 9 on both hands. Then you would
have continued: 10, then 1 and 2 on the first
hand again.
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causs vollage to neon lamps is critical. voliage-regulalor
GRN tube (VI) is needed to stabllizre voliage for the counlers.




the counting continues from the 9 lamp.
However, when the first pulse of the number
3 goes into the units decade counter, the zero
lamp comes back on and a pulse is automati-
cally sent to the second, or tens, decade coun-
ter lighting its 1 lamp.

Then the units decade counter continues to
count the two additional pulses and registers
a 2. The computer now indicates 12. In other
words, the tens decade counter, by registering
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% i Power supply is built on 3 x 6% x 1Vs-in. ~ B | K, buffer amplifiers board
pleminom chassis. Barrier-type terminal sirip sim- C | C, | decade counter board
i making many connections o power supply. — p | G lo decade counter board
E C, Il:fI;I__!:I;-':;dt counter board
F €, 1,000 decade counfer board
‘When you passed 10 you had to make 10 __© | C 10,000 dacade countar boaed
ilis 2, or 12, your answer. The computer Gt R Juckde omier boers
-__'__-'- ! }r. : . P | _ET1 decade counter board
v ﬂ“' same thl'jg. Take a look at FIE 14. J “E, 10 decads counter hﬂllrd —._ w-—
fiith 52 set to 1, you dial a 9. The dial gen- ~ K | E 100 decade counter board
les nine pulses which are fed to and reg- rl-q‘ E :f;‘;ﬂ"’;“d; ‘“““*;"..b:;;"d
B : - L I sl ol e o L
in the first, or units, dncz_ld-: counter. —H £ 130000 decads courter board
_tbcadc counter counts to nine, and the B 'L, buffer amplifiers board
8 lamp lights up and stays lit. Dial a 3 and P | I, buffar amplifiers board
b, i—Underside of power supply. Layout is wide-open, making wiring easy. Table in right column above

f' hers loads marked A through P are connected. Don'l put more leads on lugs than are shown or there
1_1 trouble. Drill oversize holes in chassis and deburr them for leads coming out o ferminal strip.

] R ) E F G H I J K L M N 0 F

1,2 —6,3 VAC
HEHH = R EH e B - 348 —GND RETURM
ClZGIEIAIEGISIENC] .. sis - +75vociREcuLATED)
—@@@@@L&j o 2 7 — B+ (BUFFER AMPLIFIERS!

b
ci3 o
— I!.l" _.‘_._.,_..-'
-.n.x" "‘--.,‘\
b
L ] O
.,I s
-~ — — S

47



]
DECADE
COUNTER

RZ3 g
10000

DECADE
COUNTER 4 COUNTER

RZZ 1o (R)-
10,0
@- BECADE
-
c19

ELECTRONIC COMPUTER

a 1, every time the first decade counter’s zero
lamp comes on, acts as a memory to tell you
that the sum is 10 or larger. This operation is
called carrying.

When each decade counter goes past 9, it
sends a carry pulse to the next higher decade
counter. If say 000999 is indicated by the
lights, and an additional 1 is dialed into the
units decade counter, the units decade
counter would switch its 9 lamp off and its
zero lamp on, and feed a pulse to the tens
decade counter. The 9 lamp on the tens dec-

Fig. 8—Underside of butfer/inverter amplifiers board. Leads at top go to input A on each decade cou
Leads at botiom go 1o output B on each decade counter. Use heavy wire to tie L J. K. L to power suppl

TO @ ON DEGADE COUNTERS

Flg. 7—Buffer/inverler amplifiers. Each amplifier's i=pi
(B") recelves signal from zero lamp (NL1) of each decod
counter (B, Fig. 11), inverts it nd feeds it to Input (A Il
11) of next higher decade. To perlorm end-around-cam
(subtraction), V3B's output goes back fo unils decod

ade. counter would go off, zero lamp woul
come on, and a pulse would be sent to &
hundreds decade counter. The hundreds dégs
ade counter would do the same, but since (i
thousands decade counter is registering a zef
it would merely indicate 1. The compul
would now register 001000 which is the sum
of 000999 plus 1. We'll get to subtraction
multiplication and division later.

How the Decade Counters Count

The most important paris of the compult
are the six decade counters. (Fig. 10, 11 anl
12.) Their circuit is known as a ten-cou
ring counter because as pulses are fed inll
it, one neon lamp after the other lights ualf
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Fig. %—Photo of butfer/
Inverter amplifiers. Our
meodel was buill on per-
forated boaord. Small
brackets are used al
comers to keep above
cabinet end for mount-
ing. Howerver. you
could build circuit on
samé slze open-end
chossis as power sup-
ply. Tie posts are used
to connect leads to de-
cade counters but ordi-
nary lerminal strips will
do the job just as well

the last, or ninth, lamp is lit. On the tenth now in series with NL2 and the main B+
pulse, it starts all over again from zero. If the supply. This causes NL2 to light as soon as
.~ lamps were arranged in a ring, they would the negative pulse disappears. Capacitor Cb
~ appear to run around in a circle as pulses are  is then charged with the polarity shown. Cb

fed to them. then turns on the next lamp (not shown) in
To see how they work, take a look at Fig. a similar fashion, when the next pulse is ap-

1, a simplified circuit showing only two neon plied, and so on along the line.

lamps. Consider neon lamp NL1 on and neon The value of Ra is chosen so when one

lamp NL2 off. In this condition Ca is charged lamp is lit, the voltage on the input buss will
from B+ via the dotted path through diode be below the firing voltage of the other neon
SR1, NL1 and SR2 to ground. When a pulse  lamps in the decade. This keeps the other

- of approximately —20 V 1s applied to the in- lamps off. When another input pulse arrives
put, the voltage on NL1 drops below its ex- and extinguishes the lamp that happens to
linguishing voltage, and NL1 goes off. be lit, only the next higher lamp (to the right)

The charge on capacitor Ca now acts along goes on. The reason only the succeeding lamp
the dashed path. Ca’s voltage, therefore, is goes on is that it gets an extra voltage boost

" Fig. 10—Decade<counter circuit board (bulld six). A 3 x T-in. plece ol perlorated board is large
snough but you could make it bigger lo simplily wiring. Use spaghetll on leads wherever they cross.
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ELECTRONIC COMPUTER

from its adjacent capacitor, such as Cb.

Construction

Aging the Neon Lamps. The secret of the
computer’s stability and accuracy lies in the
aging and then selecting matching sets of
neon lamps. Very little equipment, but a good
measure of patience, is required. Since at
least 60 lamps are needed, it is wise to start
with a quantity of 100 since some may not
work properly.

Figure 2 is a schematic of the aging cir-
cuit. Using a 10,000-ohm 4-watt (wire
wound) potentiometer (R37), adjust the
voltage to all the lamps so that there's a 30-V
(AC) drop across the 100,000-ohm Y2 -watt
resistors (R40, R41, R42, etc.) in series with
each lamp. Leave the lamps on for a period
of at least 24 hours. Forty-eight hours is bet-
ter if you're not in a hurry.

You will find some of the lamps will cause
a higher or lower drop across the resistor.
Choose a setting of R37 to average out the
voltages. After this initial period, reduce the
voltage across the resistors to 10 V and leave
power on for an additional 24 hours. Since
a 100,000-chm %2-watt resistor is required
for each lamp, the 100 lamps can be aged in
batches of 25 to keep the cost down.

The Power Supply

The power supply is a conventional full-
wave circuit which uses a voltage-regulator
(VR) tube (Figs. 4, 5 and 6). Such a tube
is required as the neon-lamp decade counters’
operation is very dependent on correct volt-
age level. They will not operate properly if
the voltage is too high or low. While the
lamps are aging, build the power supply as
you'll need it for lamp selection and for the
final adjustment and checkout of the decade
counters,

Build the supply on a 3 x 6% x 1%-in.
aluminum chassis. Except for the normal pre-
caution of observing electrolytic polarity, the
power supply should present no problems. To
provide isolation, you must use several power
and ground lugs on TS1 for the decade
counters and buffer amplifiers. Hence, the
reason for so many connections to terminal
strip TS1 in Fig. 6. It is a good idea to turn
on the power supply, and let it burn in for
a period of 24 hours, to stabilize the VR tube.
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DECADE COUNTERS

Fig. 12—Decade count-
ers. Author used print-
edcircuit boards in-
stead of perforatled
board and flea clips.
After all neon lomps
are installed, joln
boards with ‘%.in.-long
spacers al ends, En-
tire assembly is held
fo side of cabinei with
spacers which appear
al bottom of the pholo.
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Lamp Selection tape and stick it on the lamp. Repeat this for

 After all lamps have been aged, start selec-  ©verY lamp and then arrange them in groups
‘fion. Using the circuit in Fig. 3, and the 75  according to firing voltage. Within each
"WDC output of the power supply, turn po- ﬁring—?.r{:-lt;fge group sort the lamps according
lentiometer R38 slowly until the lamp fires.  tO extinguishing voltage.

“Measure the voltage across the lamp. (The When selecting the lamps for the decade
“fining voltage will range from about 63 V to counters, start with the lower-firing-voltage
15 V.) Reduce the voltage until the lamp group, and select batches of ten lamps whose
tBoes out. Measure the lamp voltage again. firing voltages are within 3 V of cach other.
‘Write these voltages on a piece of masking Also, choose those that have the lowest ex-

DECADE

DECADE
g SELECTOR

RESET
SWITCH

TELEPHONE
DIAL

BUFFER
AMPLIFIERS

'.Plg. 13—Individual computer parts, Use long wires to hook up parts so they can be connected before
Jiii' are insialled in cabinel. Once pul in cabinet, it will be almosi Impossible to connect the wires.
Mouni decade-selecior swilch 52, resel swilch 51 and the telephone dial on bottom of cabinel’s front panel.
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ELECTRONIC COMPUTER

tinguishing voltage (if you have enough to
choose from within each group). We found
that the lower-firing-voltage lamps tend to be
more stable. Another tip: leave a few exira
lamps in each of the voltage groups for final
selection during later circuit adjustment.

The Buffer/Inverter Amplifiers

1
PECADE
COUNTER

J
8]

B0 BUF. B

r. Tenth :pu.h: o any counioer

Figure 7 is the schematic of the buffer/
inverter amplifiers. Each amplifier’s input
(B') is connected to the load resistor (R1,
Fig. 11) of the zero lamp of each decade

g
BECADE
COUNTER

IAEGULATER

T 4TH ¥IC

Fig. 14—Block diagram of computer. Pulses from telephene dial go

2
:
counter. The output of each amplifier goes to i gg
5 : ot
the input of the next higher decade counter. ..
To perform the end-around-carry for sub- b
L] & i
traction (more about subtraction later), the ﬁ
output of the hundred-thousands decade- 1
counter amplifier (V3B) is fed back into the uE = .E-E
- . =5 2 aiid
units decade counter. This has no effect on 852 2 a3
normal addition. = 5 LE u*
=t L
!
—y 2 :.1_ g.
PARTS LIST " i - %
— [ 3
Capacitors: 100 V mylar paper unless other- (8] "":'“" ¥
wise indicated |§-| —it i -
C1,C11,C24—.01 uf el —{~— §
Cl2—I12 uf, 150 ¥V electrolytic E g ,
C13, C14—40 af, 150 V electrolytic us == [
C15—1 pf, 200 V tubular (not electrolytic) E_:'i =
C16 through C21—150 upuf ~Hg
C22—.05 uf C23—.1 uf BAG|
ML1 through NL10—RNE-2 neon lamps (60 i
reqd.} .
Resistors: 4 watt, 10% unless otherwise in- &
dicated £+
Rl through R11—&3,000 ohms
R12=—10,000 ochms R13I—Sea text
R14=—500 ohms, 2 watts
R15—2.700 ohms, 2 watts
R16—4.300 chms, 1 watt
R17—11,000 ohms, 5% R18—27,000 ochms - el
R19 through RZ4—47.000 ochms aqk e
R25 through R30—270,000 ohms o 2 oo
R31 through R36—2,000 ohms e By—|
R37, R3I8—10,000 ohm, d-watt wirewound pot
R39, R40, R41, R42—100,000 ohms ) [
51 (power supplyl—SPS5T toggle switch a
S1—DPDT pushbutton switch £ - ot
S2—1 pole, 6 position non-shorting rotary ’ii}-
switch e o
SR1 through SRI1Z2—Silicon rectifier; mini-
mum ratings: 50 ma, 100 PIV (powar sup-
ply, 400 PIV)

Tl—Fower transformer, secondaries: 125 WV
@25 ma, 63V@ 1A

T51—8 lug barriertype terminal strip

V1 (power supply}—0C2 vollage-regulator
tube

V1, VZ, V3—I12AUTA tube

Misc.—10 x B x B-in. sloping-panel cabineat,
telephone dial, 7- and 9-pin tube sockets,
3 x 61 x 1% -in. open-end chassis, 215 x
E-in. piece of perforated board, insulated
tie posts (13 reqd.), flea clips

100,030
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Fig. 15—Pictorial of paris
mounted on bottom of the front
panel. On reset push-bution swilch
91 at right, contacts at the botiom
are common. Contacts in the middle
are normally closed. The conlacts al
the boltom are nermally open. Be
sure 1o gel the connections correct
on the particular type switch you use.

L

COUNTER
DECADE

The buffer amplifiers are built on a 6 x 3-
in. piece of - perforated board which is
mounted in the cabinet on ¥4 -in. brackets.
The construction is conventional. Follow the
layout in Figure 8.

Decade Counters

All decade counters (Fig. 10) are the same
except for the value of resistor RI3. They
can be built on a 3 x 7-in. (or larger) piece
of perforated board. All leads to connect the
‘board to other parts of the computer should
be about 20-in. long. The voltage to each
decade counter must be individually estab-
ished by selecting the value of resistor R13
(Figs. 10 and 11). Do not install the neon
lamps or R13 yet.

- Front Panel

- Next thing to do is to mount the telephone
" dial (and its associated voltage-divider cir-
cuit C22, C23, C24, R17, R18), S1 and 52
on the front panel as shown in Fig. 16. Con-
“riect the circuit as shown in Fig. 15. Then
gonnect the power (+75 VDC) and ground
leads of this circuit to the power supply (see
Fig. 14).

Determining R13's Value

After separating the neon lamps into six
groups of ten lamps each, connect them to
the decade-counters, The lamps for each dec-
ade counter should be selected with respect
1o firing voltage so as to fall within a close

| 1D000 IS.:I:IDI.‘: OO0

UHTERS

range (about 3 V between highest and low-
est) of each other, '

Go back to the circuit just mounted on the
front panel (Fig. 15). On any decade-counter
board, temporarily connect a 500,000-ohm
potentiometer in place of R13. Also, connect
a lead from capacitor C24 to input-capacitor
C1 on the decade counter. Connect the dec-
ade counter’s ground return lead (C) and
power supply lead (E) to the power supply,
and connect a normally-closed push-button
switch across the reset leads (C and D).

Turn on the power supply and check to see
that the VR tube glows orange. If it doesn't,
check the power supply for a wiring errofr.
Set the potentiometer at maximum resistance
(clockwise). You will probably find that
more than one of the neon lamps lights. Turn
the potentiometer counterclockwise until all
the lamps go off.

Push reset switch S1 and see if the zero
lamp lights. If it doesn’t, increase slowly
(turn clockwise) the potentiometer's resist-
ance until the zero lamp only goes on when 51
is pushed. If after pushing switch S1 it 1s
difficult to find a potentiometer setting where
only the zero lamp stays on, replace the lamp
or lamps that stay on with others from the
same voltage group from which the decade
counter's lamps were selected.

Choose lamps from the higher-voltage end
of the group. If the zero lamp fails to fire
as readily as the others on the board it is
the offender. By carefully observing its be-
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ELECTRONIC COMPUTER

havior for several settings of the potentiom-
eter this can be determined. It may be helpful
to choose the zero lamp from the lower-firing-
voltage end of the group.

After you find the right potentiometer set-
ting, turn the telephone dial and note if the
proper number of pulses are counted. If you
find that more than one lamp fires, or that
some lamps don't light and resetting the po-
tentiometer does not help, more lamps may
have to be replaced.

If a lamp ténds to not light consistently,
it means that its firing voltage is too high, or
its pulse-width requirement is too long for
the group. The lamp should be replaced.

Careful observation of the lamps’ behavior
will tell you which lamps to replace. Above
all don’t become discouraged. Our experi-
ence was that after the initial selection, as
many as 20 of the 60 lamps required replace-
ment—almost four per decade counter. On
the other hand, some boards worked properly
_ right off.

Do not discard removed lamps. They may
work perfectly on another board. Upon re-
moval they can be rechecked for firing volt-
age and put back among your spares.

When a good set of lamps and a workable
setting of potentiometer are obtained, meas-
ure the resistance of the potentiometer and
substitute a resistor of the same value (more
than one resistor may be required) in its
place. A range of =10 percent should make
little difference. Repeat this procedure for
each decade counter.

Final Assembly

Do not use the schematics to connect the
decade counters, power supply, buffer ampli-
fiers, telephone dial, decade selector switch
and reset switch. Instead, use the pictorials
in Figs. 6, 8 and 15.

The reason for using the pictorials is that
several connections often must be made for
grounds, B+, etc., which don’t appear in the
schematic. Eliminating what you feel are ap-
parently duplicate leads to save wire and
time could result in erratic operation.

We used an 8 x 10 x 8-in. sloping-panel
cabinet to house our computer. The photo-
graphs in Figs. 13 and 16 show the place-
ment of all the major parts. The decade
counter boards are held together with 34 -in.-
long spacers. The group of six boards is held
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Fig. 16—View of computer before installation ¢
front pamel., Carefully position each of the meca
lamps so they fit through holes in fronl p

to the cabinet with two 6-32 X 34 -in. sCrews
Drill 60 Y-in. dia. holes in the front pal
for the neon lamps. Also drill holes for (g
telephone dial, decade-selector switch 52 and
reset-switch S1. All leads from these pars
into the cabinet should be long to penmt
moval of the front panel and allow its place
ment at a convenient distance to permit {5
ing and repair should it later be necessity

Operation

After turning on power, let the comp
warm up for about 10 minutes before usic "|
@ Addition. Perform the following steps'd
add these numbers:

26
9
3081

1) Press reset-switch 51 and release it. Al
the zero lamps should come on and al
other lamps should go off. If they on'
press 51 again.

2) Set decade-selector switch S2 full clock
wise—to the units position.



) Dial 6, 9 and 1.

4) Turn S2 one position counterclockwise
—to the tens position.

5) Dial 2, then 8.

6) Turn S2 two positions counterclockwise
- —to the thousands position.

7) Dial 3.

The answer should be 3116, Note that you
must not dial the zero in 3081. Just skip over
the hundreds decade when you reach the hun-
dreds column. Matter of fact you never use
1he zero on the dial for any operation. Cover
it over.

# Subiraction. While addition is performed
by counting forward to higher numbers, sub-
Iraction is performed by counting backwards
10 lower numbers. Because the decade count-
&5 in the computer only count forward, we
use the method known as adding comple-
menis to subtract.

Let's say you want to subtract 3 from B.
After pressing 51, set S2 to the units position
nd dial 8. Then dial a 6. Why 67 Because
6 is the nines complement of 3. The nines
complement of a number is simply 9 minus
the number!

Dialing a 6 will cause the units-decade
‘counter to advance in six steps through 9,
0, 1, 2, 3, and stop at 4 and generate a
‘carry pulse as it goes through zero. All we
“have to do is feed this carry pulse back into
the units-decade counter and the number 5,
the answer, will light. This process of adding
back the carry pulse is called end-around
CarTy.

The nines-complement numbers should be
“added to the telephone dial in red right next
10 the black numbers. Thus, the black num-
‘ber 1 will have a red 8§ next to it, and the
‘black 5 will have a red 4 next to it, and the
“black 9 will have a red 0 next to it, etc. (See
O cover. )

- When subtracting, dial the minuend
'rﬂnrgf:r numbers) using the black numbers
on the dial. Dial the subtrahend (smaller
- numbers) using the red numbers. When dial-
ing a subtrahend like 000345, you musr dial
all the zeroes (using red numbers).

. Reason for doing this is that when you sub-
tract, you are really dialing-in complements.
‘Therefore, since the complement of 0 is 9,
all zeros must be dialed. However, a 9 is not
‘dialed since its complement is 0. In other
‘words, 0 is dialed in red and 9 is not.
Dialing in zeros gets that carry pulse from

one decade to the next higher decade, and so
on, back to the units decade counter.

® Moultiplication. To use the computer to
multiply, you'll have to brush up on your
multiplication tables and plan to do some
mental arithmetic. (Paper and pencil are
permitted.) Here’s how you'd multiply:

3487
123
10461
6974
3487
428901

Set S2 to the units position and multiply
3 x 7 mentally. Dial a 1, the 1 of the answer
.

Set 82 to the tens position and dial 2,
the 2 of 21. Mentally multiply 3 x 8 and
dial a 4, the 4 of the answer 24.

Set S2 to the hundreds position and dial
the 2 of the former answer 24. Mentally mul-
tiply 3 % 4 and dial a 2, the 2 of the answer
12.

Turn 82 to the thousands position and
dial a 1 of the former answer 12, Mentally
multiply 3 % 3 and dial the answer, 9.

Now that we've finished with the 3 mul-
tiplier, repeat the entire procedure with the
2 multiplier. But be sure to start off with 52
in the rens position.

After finishing with the 2 multiplier, go
on to the 1 multiplier and start with 52 in
the hundreds position.
® Division. Like multiplication, division js
going to rely on mental arithmetic. But the
process is more complicated. We'll divide
428901 by 3487.

123 wriie down answer
3487 [ 428901—dial in black
—348700—dial in red

080201—red on glow lamps
— 069740 —dial in red

010461—read on glow lamps
—010461—dial in red

999999—read on glow lamps
(equivalent to zero remainder)

First, dial the dividend, 428901, using the
black numbers and, of course, setting 52 to
the appropriate position for each digit.

By observation, you can see that 3487 will
go into 428910 at least 100 times. Mentally
multiply 3487 by 100—you get 348700.
MNext, subtract 348700 (red numbers, and
dial all zeros) from 428901. The remainder
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Space counter has six rows of 10 neon lamps. From
here they're pushed through holes in front panel.

of this subtraction should be 080201 on the
lamps.

Again, by observation we see that 3487
will go into 080201 at least 20 times. On
paper multiply 3487 by 20—you get 69740.
But since 69740 will be subtracted from
080210, a zero must be added to it at the
left to make it a six digit number.
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Here's our compuler alter decade selector swilch
52 and dial have been mounted to the front panel.

MNow dial 010461 (dial all zeros). The re-
sult of this subtraction will be 999999 on the
lamps. This means division is completed. In
the complements of nine method of subtract-
ing, this result is equivalent to 000000, If
but smaller than the divisor, the division
the remainder is other than zero (999999,

should be carried further. _g_
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