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COVER FEATURE

OULD you like to compute
the position of the moon in-
volving the equations shown
below in seven minutes?

EQUATIONS USED. FOR COMPUTING TRE POSITION OF THE MOON
ON THE IBM SELECTIVE SEQUENCE ELECTRONIC CALCULATOR

1=NUMBER OF DAYS FROM DEGMIEI 31, 1899

L = +075121 27392 0+0.03660 1:020 20460 ¢
+0.00000 00000 00004 12965 1
+0.00000 00000 0G000 00000 01077 +*

40,0000 10108 sin {0.53734 104 —0.00001 01044 17 1
-+0.00000 00000 00025 60 ¢}
+0.00000 06481 sin {0.14222 222 +0.00000 1536238 1)
+[ 27 TERMS SIMILAR TO THOSE ABOVE )

[ X {33 TERMS SIMILAR TO THOSE ABOVE FOR L}

K] (40 TERMS SIMIAR TO THOSE ABOVE FOR L}

(- (.mussmmvomoumv:mu

Feo [ 38 TERMS SIMILAR TO THOSE ASOVE FOR 191

6= [ 3 TERMS SIMRAR TO THOSE ASOVE FOR L)

CONGITUDR ( = + 1296000 L
+{ 2369.902+0.00000 0294 +—9193 4y, +0.0013) sin (20}
+22639.5001.00000 2208} sin {11}
+769.016 (1.00000 2208) sin (21}
—668.111 (1-0.00000 00683 20 1} sin (1f) .
—411.608(1.00000 2708 + 139.978 b ! sin (2}
=0.0101(1.00000 2208)* {1 ~0.00000 00683 20 #* sin (2/+37+20)
- +{-215 TERMS. SIMILAR TO THOSE ABOVE
+0.019 sin (onuaaolsu+aooowoem 8851.1)
+0.022 sin {0.62973 18211 —0.06590 17070 2165 1)
+[ 502 TERMS SIMILAR TO THOSE ASOVE )
43 = +22609.07 (1.00000 2208] sin (/)
+{ 194 TERMS SIMILAR TO THE ONE ASOVE )
40,020 sin (0.13545 20294 —0.02335 54072 5763 1)
+[ 39 TERMS SIMHAR TO THE ONE ABOVE )
.tlumwmmmmu)
N- { 12 TERMS SIMILAR TO THOSE ABOVE FOR 88 )
€ - (|uvmmnmmmwmcs|

LATITUDS ( = 4+ SLAT +(18519.750+,C) [(1+139.978 #x } sin (F44S)
~0.000336992 (1+139.978 & P sin3lF +8
+0.000000216 (1+139.978 ¢ ru-sr&‘.%
+0.00005 3996 N)

4in (PARALLAX) = + 3422.7000 +186.5398 (1.000002208) ein (11}
+[ 163 TERMS SIMILAR TO THE ONE ASOVE )
+0.0012 sin (072642 64891+0.03485 98579 9131 1)
+[ 80 TERMS SIWILAR TO THE ONE ABOVE )

PARAUAX ¢ = +{1=-0,00004 6747) sin (PARALLAX) +1/5 [sin (PARALLAX))

HAT -

SUMMARY OF OPERATIONS REQUIRED FOR
COMPUTING AND CEECKING ONE POSITION OF TRE MOOY

DIGITS IN BASIC INPUTDATA AND INSTRUCTIONS . . . . . 165,000

ADDIHONS ANDSUBTRACTIONS . . . . . . . . . . . 10,710

MULTIPLICATIONS - = . . . . . . . o« & . o s o 8,680

TABLELOOK-UPOPERATIONS . . . . . . . . . 1,870
. 0 .00

LINES OF SEQUENCE INSTRUCTIONS REQUIRED . . . . . . . . . 1,170

LINES OF SEQUENCE PERFORMED BY cumm ........ 10,330

Yet it took only seven minutes, with
the help of 12,000 electronic tubes, 21,-
400 relays and 40,000 pluggable connec-
tions, all at the disposal of the scientist,
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12.000-TUBE ELECTRON BRAI

A skilled mathematician with a desk calculator
requires four years to do what the International
Business Machines Calculator does in eight hours.

By A. PASCALE

Computer  panels ke
these occupy more than
160 feet of wall space.-

G

to work this problem on the IBM Selec-
tive Sequence FElectronic Calculator.
Without this machine It would have
taken 3 weeks.

The entire machine is made up of
card reading tubes, sequence tubes,
sequence relays, table look-up (for con-
sulting reference tables), relay memory,
meters, control relays, power distribu-
tion, tape memory, arithmetical unit,
sequence interlocks, electronic memory,
printers, card punches, and card read-
ers, in addition to the control desk and
pulse generator shown on our front
cover. These are all housed in a spe-
cially-designed room, 40.6 feet wide x
86.6 feet long x 14 feet high, the walls
of which are completely lined with
panels of vacuum tubes and relays.
These walls—with a number of pieces of
floor apparatus, such as printers and
control consoles—actually are the ma-
chine,

The calculating element of the ma-
chine adds, subtracts, multiplies and
divides the numbers it receives. The ma-
chine can make 3,500 additions or sub-
tractions of 19-digit numbers in a sec-
ond; 50 multiplications of 14-digit num-
bers in a second, and 30 divisions of 14-
digit numbers in a second. It has a stor-
age capacity of 400,000 digits in tubes,
relays and punched tapes. When
punched cards are used for storage the
capacity of operation becomes virtually
unlimited.

Operation of the niuchine

Instructions are given to the machine
by the scientist on punched cards or con-
tinuous card-stock tapes. The tapes are
prepared in one of two ways—either by
the machine itself or with an auxiliary
tape punch which transcribes data from
punched cards. When the instructions
are given on punched cards the numeri-
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cal data is converted electronically from
the original decimal form to the binary-
decimal form in which each digit is rep-.
resented by a combination of the binary
numbers, 8, 4, 2, 1, used by all the new
giant electronic calculating machines.

As soon as the numbers are converted
to the binary system, masses of neon
lights carry on a fire-fly flickering at
stupendous speed, while very intricate
calculations are being made within the
machine. The innocent onlooker is vir-
tually overwhelmed by this: display.

The machine follows the instructions
on the cards or tapes and stores each in-
termediate result in a memory unit for
later use in the course of the ealculation.
There are three means of storing num-
bers: electronie tubes (trigger circuits
using 12SN7 tubes), relays and tapes.
The relay and tape memory units are
provided for general storage when large
capacity is the dominant requirement.
Electronic memory units aré used in
connection with the arithmetical unit
where the need for speed predominates.
But though the eleectronic system is
more rapid, it cannot be used to the ex-
clusion of tape and relay systems. IF
the present storage-capacity of the ma-
chine, which is over 400,000 digits, were
to be stored in electronic circuits it
would be impracticable to house the ma-
chine in one building.

Not only does this machine add, sub-
tract, divide and multiply, but it will
also look up logarithm, trigonometric
and other tables. If a table has to be
referred to in the course ef the ealcula-
tion, the machine starts the tape of the
desired table spinning, When the refer-
ence is reached, an electronic impulse
stops it. The number then is stored in
the memory section for future use.

The data for all computations and
results obtained must flow to and from
the arithmetical unit through any one
of hundreds of channels throughout the
machine, such as the reading and record-
ing units and the great reservoir of
stored results. Eight separate channels,
each capable of transmitting simultane- -
ously 19 decimal digits and an algebraic

MAY, 1948



sign, lead to and from the arithmetical
unit. Traffic is directed along these
channels to and from the other units by
IBM electromagnetic relays. One of
these relays, which is slightly larger
than a conventional vacuum tube, can
change twelve independent circuits in a
few thousandths of a second. For some
special problems it may even be desir-
able to change the whole mode of opera-~
tion of the machine. This can be done in
a few minutes by means of automatic
control panels. About 40,000 pluggable
connections on these control panels can
be changed in units in a remarkably
short time.

Problem results may be recorded
either in punched card or in printed

Punched-hole memory units use long tape rolls.

record form, or if desired, in both forms,
Since the machine is being utilized pri-
marily for research purposes and be-
cause calculation proceeds at such a
high speed, it is necessary that the sci-
entists know at all times what results
are being obtained, so that modifying
instructions may be injected whenever
necessary. Provision was made, there-
fore, for the continuous printing of re-
sults throughout the calculation.

The console, or operation indicator
and control desk (shown on the front
cover) is used for keeping a check on the
operation of the machine. Have you
stopped to consider what an immense
servicing problem it must be to locate a
burned-out filament in this maze of
vacuum tubes? The control desk is use-
ful for trouble shooting. If a tube burns
out, or anything else goes wrong me-
chanically, neon lights in the panel on
the control desk assist the operator in
finding and diagnosing the trouble.
A check is then made in the faulty
section, the trouble repaired, and
the machine goes on with its work. Of
course, the trouble will be discovered
only when the machine has to make use
of that particular panel in the course
of the calculation.

The machine requires 180 kilowatts
of electrical energy. All the alternating
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current it uses is recitified by a large
battery of rectifier tubes housed in eabi-
nets in a room beneath the calculator.
A large air-conditioning system is pro-
vided. It has a cooling eapacity ap-
proximately equal to that required to
air-condition completely a building con-
taining 250,000 cubic feet of space. The
system is capable of dissipating 200 kilo-
watts of heat. )

The calculator is divided into three
fire zones, each equipped with automatic
temperature-detecting devices. Control
of fire after detection can be either
manual or automatic. Full release of the
fire-extinguishing apparatus would dis-
charge 32 tanks of CO, into the calcu-
lator units. The air conditioning and
power supply would shut off automati-
cally if gas were discharged. The in-
strument was built at a cost of $750,000.

Many branches of industry will be
greatly aided by this machine, In certain
commercial statistical fields calculations
have to be made where complicated se-
quences of operations' must be handled
one at a time. The operations ean be so
speeded up as to perform calculations
which now are considered impractical
due to the amount of time that would
be involved.

The scientist will be the one most aid-
ed by it. What once took seientists years
upon years to work out, now can be done
in a few hours, freeing him for further
research,

Greatest of all may be the effect of
this new computer on the progress of
atomic research. By performing the
complex and laborious calculations re-
quired in the study of the atom, it will
be a dominant factor both in keeping
this country well ahead of all competi-
tors in the military development of the
atom and in speeding the day when
atomic power will be available to peace-

ful arts and industry.

But, it cannot, and never will, replace
the human scientist as its purpose is
only to follow his commands. If the in-
correct instructions are given to it, it
will follow them. The scientist is su-
preme over the great electronic calcu-
lator, which is his child to assist him in
exploring the ever-profound depths of
science.

As President Thomas J. Watson of
IBM said: “This machine will assist the
scientist in institutions of learning, in
government, and in industry, to explore
the consequences of man’s thought to
the outermost reaches of time, space and
physical conditions.”

The card reader through which problems and instructions are introduced into the machine.
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