















































using a separate adder for each pair of digits. The
parallel mode is the faster but needs more equipment.
The processes described above for addition can also
be combined in different ways for subtraction, multi-
plication and division. Typical computing times for
dealing with the binary equivalents of two 12-digit
decimal numbers are: 1/10,000 sec for addition or sub-
traction, 1/3000 sec for multiplication and 1/1000 sec
for division. These times can be very misleading, for
much of the total computing time may be absorbed in
merely transferring numbers from point to point inside
the machine. Time is also required to obtain the instruc-
tions from the place where they are held in the machine.

Internal Storage

The internal storage of numerical information in the
computer must be distinguished from the external
storage of file data. External stores are unrestricted in
capacity but relatively slow in yielding their contents.
Internal storage provides very rapid reference to the
information in immediate use during the computation,
and the effectiveness of the whole computer largely
depends on the capacity of its internal storage and the
speed of access to any stored item.

Magnetic recording is probably the most popular
means of internal storage; the magnetic material is
deposited on the surface of a metal drum which rotates
rapidly past several small electromagnets, known as
recording and reading heads. By passing a current pulse
through a recording head a small spot of the magnetic
material about 1/100 in. across is magnetized, and when
this spot passes a reading head it will induce a pulse in it.
A typical magnetic drum is 10 in. in diameter and 5 in.
long, and is driven at 3,000 rev/min by an a.c. motor.
Such a drum may store 4,000 computer “words” of
32 bits each, say 128,000 bits in all; larger drums have
capacities as high as 500,000 bits. The delay before a
given word can be extracted from a drum store may be
as long as the time of one revolution, but on average is
one-half of this, say 1/100 sec for a 3,000 rev/min drum.

Another kind of internal storage uses ultrasonic delay
lines, in which a short burst of sound waves with a pitch
greatly above audibility represents each bit. In one
arrangement the ultrasonic waves pass through a tube
filled with mercury at a speed of about 5,000 ft/sec,
and as each burst arrives at the far end it is amplified and
returned to the start so that it circulates continually
through the tube. Each burst lasts about one-millionth
of a second, so that one tube 5 ft long can hold about
30 words, and 50 to 100 tubes would be provided in all.
The maximum delay in extracting a word from the store
may equal the time for one circulation through the tube,
say 1/1000sec. In a more compact arrangement the
tube of mercury is replaced by a thin wire of nickel alloy.

Binary digits can be stored in any device which is able
to assume either of two distinct states, and arrangements
of thermionic valves and telephone relays have both
been used as temporary stores. More-recent develop-
ments include the use of tiny ring-shaped cores of
certain ceramic magnetic materials called ferrites, and
of sheets of certain insulating materials known as
ferro-electrics. Ferrite-core stores have been described
with capacities up to 10,000 words and access times as
low as 5pus; such a store might contain 300,000 separate
cores (one per bit) each threaded with four separate wires
for carrying the reading and writing currents.

Drum and delay-line stores have the disadvantage

that the stored words are available only in an ordered
sequence. The potential delays of ordered access can
sometimes be avoided by a skilful arrangement of the
program of instructions, which ensures that words are
only called from storage when they are becoming
available; but there are limitations to this technique of
“optimum programming.” In ferrite and ferro-electric
stores all stored words are equally available, and a
random selection can be made without delay. These
are often called “random-access” stores, and no com-
puter has as much random-access storage capacity as
could be usefully employed in clerical work.

An inadequate amount of internal storage, by
restricting the length of program that can be stored, and
the number of intermediate results that can be held, may
reduce the value of a particular computer in some
applications, e.g. by making it necessary to put out
intermediate results, which then have to make one or
more additional passages through the machine for further
processing.

Input

The primary sources of information, or data as it is
commonly called, for an office computer are written or
printed documents, and ideally these would be auto-
matically converted into electrical pulses at such a speed
that they could be directly used by the computer. Typed
or printed characters in certain founts can be read
photo-electrically at speeds up to about 200 characters/sec.
A simpler process uses special inks containing magnetic
oxide of iron, and prints the characters in a code using
dots or bars that can be read electromagnetically at
1,000 characters/sec.

Most data are, however, still transcribed by hand
from the primary documents on to punched cards or
punched paper tape. These may be read directly into
the computer but, increasingly, are automatically
transcribed on to magnetic tape, to be read later into the
computer at the highest possible speed. Table 2 com-
pares the speeds of punched cards, paper tape and
magnetic tape. The method of recording on magnetic
tape resembles that for magnetic drums, the tape being
made of a thin, tough plastic material.

TABLE 2
Speeds of Punched Cards, Paper Tape and Magnetic Tape

Speed Range Data Input Rate

Medium of Medium
Characters/sec Bits/sec

Punched cards 120 to 600 160 to 800 800 to 4,000

(80 columns, one cards/min

alphabetical or num-

erical character per

column)
Punched paper tape 20 to 100 in./sec 200 to 1,000 1,000 to 5,000

(5 holes per char-
acter across the tape)

Magnetic tape 100 to 200 in./sec | 10,000 to 60,000 | 70,000 to 400,000
( in. wide, 7 tracks,
100 to 300 characters

per inch)

There are clear advantages in speed and accuracy in
eliminating transcription, by preparing the primary data
so that the computer can read it directly, and by keeping
file data as magnetic recordings. Punched paper tapes
can be prepared automatically as a by-product of other
work; by the operation of a cash register, for example.
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