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" A Magnéfic Digital Storage Syétem

By ANDREW D. BOOTH, Ph.D.*

ESCRIPTIONS have appeared'’

of storage devices for use
in  serial ~operation ealculating
machines, but in this country at
least, little emphasis has been placed
on the other possible type of
computing system, namely, that
employing parailel operation. It is
not proposed to give any discussion
of computing machines in this paper
but for completeness it must ‘be
stated that in seral
machines the digits of a number be-
come available, and are used, onessd
a time starting usually from the
leagt significant, whereas in a
parallel operation machine all the
digits of any number becoine avail-
able at the same time.
_ Without wishing to become con-
troversial, it may be remarked that

von Neumann, who was the origina- -

tor of many of the current ideas on
calculating machines, has aban-
doned the serial operation machine
in favour of its parallel operation
counterpart. .

Requirements for a Storage Device

In either type of calculating
‘'machine the requirements of the
storage device are similar, and are
as follows:

(1) The storage should be perma-
nént if desired. ;

(2) The contents of any position
must be erasible at will and capable
of replacement by new data.

(8) The volumetric efficiency

_should be high.

. (4) The access and' replacement
time of stored data should be small.

The delay line storage device of
Wilkes' and the cathode-ray tube
memory of Williams® satisty all of
the above requirements except (1)
and to a less extent (8). Either of
these devices loses all its stored
data’ if a power supply failure
occyrs. In addition, in the forms
described by the authors, neither is
directly suitable for a parallel
operation machine,

The idea of using the well known
principles of magnetic sound record-
ing for the storage of digital data

- seems to have occurred to a number .
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about the same time,
the system to be described in this
aper, however, is thought to be the
rst in aetual operation. -
Principles of the Magnetic Mq"mory
Essentially, the storage device
consists of a cylindrical drum coated
with permanent magnetic material
and rotating under a series of read/
record heads arranged along a
generator of the cylinder. In Fig. 1
-Ha are a set of these heads.
All of the digits of any particular
number, which is in binary form
(e Wilkes'), are recorded and
read off simultaneously by the
heads. :
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Successive numbers are recorded

-in sequence as the drum rotates and

to distinguish between them an
extra track (H.) is added which con-
tains a set_ of equispaced positive
“ clock ’’ pulses. ,

1n order to determine the position
of the first number it is necessa
to indicate the start of this cloc
pulse track. This could be done in
various ways; for example, it might
start with a single negative pulse,

" or alternatively a separate tr

might contain a single pulse to in- -

dicate the zero position of the clock
pulse track. In fact, it turns out to
be much simpler to leave a small
gap, clear of any pulses, at the end
of the clock pulse track, and to use
this as a zero indication. The
general appearance of the magnetic
state of the clock pulse track is then
shown in Fig. 2. T

In order tp go to any position on
the drum and ‘to read or record
there, all that is' necessary is to
count from the zero position on the
clock ‘track and to arrange that the
counter emits a pulse when it
the given position. A
schematie diagram of the whole
memory is given in Fig. 8.

The positive pulse input from the
clock track head is amplified and
sent to the binary counter C, which
is arranged to zero on receipt of a
pulse from the shaping circuit con-
tained in A.. T

The contents of C are compared:- -

with the required memory location
as shown by a set of position num-
ber inputs; when the two numbers
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Fig. 16. Output from common gate circuits
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posmible to generate a gate signal

. whieh extends over one-half of the

output pulse only, and thus to select
a positive or negative pulse corres-
ponding to unity or zero. ost of
the published gate circuits have the
disadvantage of ?lacin the output
on a * pedestal ”’ as shown in Fig.
16, or else of transmitting pulses of
one sign only.

To remedy this defect the circuit
of Fig. 17 was devised.

In the absence of a gate pulse the
twin triode grids act as diodes and
short-circuit incoming signals of
either sign to earth. On applying
a large negative pulse to the two
anodes the electrons are repelled to
the cathodes and the resistance of
the grid circuits rises sharply. I,
in this condition, a voltage varia-
tion occurs on C: it is transmitted
via i to the flip-flop; in the absence
of the gate pulse, however, nothing

asses.

he Output Stage. .

This consists of the standard
cathode-coupled toggle, shown in
Fig. 18.

For reliable operation it was neces-
sary to compensate the inductance
of the relay coil, and the network

shown behaves like a pure resistance.

Conclusion

It will be seen from the above cir-
cuit descriptions and from the
photograph of Fig. 8 that the
storage system described in. this
paper is considerably more com-
pact than any hitherto disclosed.
Although in its present form it is
somewhat slow in operation it is
quite easy to speed up the rotation
of the cylinder and to record and read
data at several stations around the
drum. In this way availabilify times
of better than 1 millisecond could
be realised. Work is at present pro-
ceeding along these lines and it
appears that the necessary modifica-
tions are trivial in mature.

The author wishes to express his
sincere thanks to Dr. Geoffrey Gee,
Director of Research, and to the
Board of the British Rubber Pro-
ducers’ Research Association for
supportin this work, and also to
Miss X. Sweeting and Dr. R. W.
Williams for assistance in com+
struction.
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Fig. 8. Model of drum with heads mounted in position

Mechanical Construction

A photograph of the cylinder and
head assembly is given in Fig. 8.

For mathematlical reasons it was
decided to have 21 binary digit
numbers and to store 256 such
uantities. With the packing of 50
digits /in, and surface speed of 25
ft./sec., this resulted in a cylinder
2 in. in diameter and 12 in. long
rotating at 8,000 r.p.m. The maxi-
mum waiting Lime for reading or
recording is 20 m.sec. and the mean
time 10 m.sec.

The heads, shown in detail in
Fig. 9, are mounted on a brass bar
and are individually adjustable by

Fig. 9. One of tha final read/record %
heads means of a simple screw assembly.

V2,3 — EF 54
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Fig. 10. Cleck puisa amplifier, shaper and cownter Xare genarator
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Coarse adjustment is provided for
aligning the main bar and the drum
surface.
Circuits

At the outset it can be stated that
all relays are of the Sicmens high
speed variety with 1000 4 10004
coils. The measured time of closure
or operation of these is less than
2 m.sec. Relays are drawn in the
T'Il)l'l!'llll pl}mliun.

The Clock Track Amplifier.

On this track it 1s necessary to re
produce with accuracy the sharp
transition between the two turning
points in output voltage shown in
Fig. 6, and it was decded that a
bandwidth of at least 200 Ke /s, was
needed. The amplifier circuit of
Fig. 10 proved adequate.

It will be noticed that the grid
coupling and screen resistor hy-pass
time constants are so chosen that
there is a steep reduction in gain
below 10 Ke/s. This makes the
amplifier very much more stable and
makes inter-stage decoupling un-
necessary. In particular, 50 c/s. pick-
up and microphonic noise from Vi
are imperceptible, Vi is biased
below cut-off to enable the noise
background from the medium to be
clipped off. This is necessary, since
the gap at the end of the clock pulse
traci (Fig. 2) may contain a noise
pulse of sufficient amplitude to
trigger the counter after it has been
set to zero.

The output of Vi is fed directly
to the input of the binary counter
and a portion is rectified by the
IN84 germanium diode and applied
as a negative potential to the grid
leak of the blocking oscillator tube
V.. This keeps Lhe Fattrr from firing
until the clock pulse track gap is
reached, when the charge on C leaks
away via R. The firing of V. sends
a pulse via the output winding of T
to the grid load resistor of the
counter, thus * zero-ing” the
latter.

The Counter and Coincidence Senser.

The counter used is an ordinary
scale-of-two circuit with buffer
amplifier to remove unwanted
pulses.' The circuit constants are
chosen so that the counter is reli-
able up to 100 Ke/s.

Counter Unit t

It will be seen from Fig. 11 that
when any one of the counter stages
Cn is in the same state (‘0" or
1'’) as its associated relay H., the
potential of the grid of the corres-
E:nding coincidence valve falls

low cut off. When counter comn-
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