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cell traversed the gap. Chis pulse could be used either to t er the writing circuit or

to sample the output of the reading circuit

A photograph of the experimental storage system is shown in Figure 4, The rack
contains all of the components of the system except the drum and magnetic heads. The
oscilloscope shown is a Dumont type 248

o ——————— a——

FIGURE 4 EQUIPMENT USED IN EXPERIMENTAL INVESTIGATION

2.2 PHYSICAL COMPONENTS,

The magnetic tracks were recorded on two iron oxide coated paper tapes cemented
to the surface of a machined aluminum drum. 'he magnetic tape used was Scotch Sound
Recording tape (type A oxide. H. 330 oersteds) made by the Minnesota Mining and
Manufacturing Company, St. Paul I'his tape 1s 0.25 inch wide and approximately 0,002
inch thick The drum was 5 inches in diameter and 1 inch wide. It was driven through
a beit and pulley connection by a 1725 rpm induction motor Tape speeds of 140, 250,
400, and 1400 inches per second could be selected by changing pulleys. The

ace speed used in this investigation was 1400 inches per second. This
only by the motor speed and the largest pulley ratio on the avail

wdherence at this speed.







FIGURE 6 DETAIL OF STORAGE DRUM AND MAGNETIC HEADS

2.3 TIMING TRACK: GENERATION OF CLOCK PULSES.

It was desired for cell locating purposes that a train of 32 pulses be generated once
per revolution, in synchronism with the drum rotation. These pulses must be generated
at the cell scanning or repetition rate. A train of approximately 20 sine waves was per-
manently recorded on the timing track. The frequency of the sine wave voltage picked
up from this track is one-half the cell repetition rate. The voltage from the timing head
is amplified and the frequency doubled (see Figure 3). The resulting signal is used for
forming a train of pulses at cell frequency. The sine wave frequency was chosen to be
half the cell frequency rather than equal to the cell frequency so that the limitation on
the number of cells per inch would not be reached in the timing track.

Preparation of the timing track required the construction of a special circuit to
generate a train of sine waves The schematic diagram of this circuit is shown in Fig-
ure 7. A one-shot multivibrator provides a single rectangular gating signal which al-
lows an oscillator to generate a train of sine waves for the duration of the gate. The
train is amplified and fed to the timing track head winding through an isolation trans-
former. The frequency of the oscillator was adjustable from 5000 to 15,000 cycles per
second. The duration of the gate signal was adjustable from 1 millisecond to 5 milli-
seconds.

The procedure for recording a timing track was as follows :

(1) The timing track was erased to a neutral, or demagnetized state. This
was done by first passing a direct current of about 200 milliamperes
through the head winding with the tape in motion. The current was re-
turned to zero, and then raised in the opposite direction to a slightly
smaller value than before The process of successively diminishing
and reversing the magnetizing field was continued until the current be -
came small compared with the peak current to be used in writing the

timing track






(2) The speed was reduced to 140 inches per second, and a single train of
about 20 sine waves recorded. For densities of 100,150, and 2090 cells
per inch on the signal track the required sine wave frequencies were
7000, 10,000, and 14,000 cycles per second, respectively These cor-
responded to timing track patterns of 50, 75, and 100 sine waves per
inch.

(3) With the drum again operating at normal speed, the voltage generated
at the coil terminals of the head provides a timing signal for locating
cells on the signal track. An oscillogram of this signal is shown in
Figure 8a. This timing track was written at a density of 50 sine
waves per inch. The peak writing magnetomotive force was 40 am-
pere-turns. The played-back signal at the tape velocity of 1400 inches
per second was 100 millivolts peak-to-peak.

The sine wave train is converted into a train of sharp clock pulses of twice the sine
wave irequency by first amplifying the signal and then feeding it through a phase invert-
er into a full-wave rectifier. The double frequency wave form so obtained is then am-
olified, shaped, and clipped to provide the required shape of pulse. A schematic dia-
gram of the circuit used for this purpose is shown in Figure 9. An oscillogram of the
clock pulse signal train is shown in Figure 8b.

(a) TIMING TRACK HEAD
OUTPUT VOLTAGE

(b) CLOCK PULSES

s0sdsbaidsadisdicediieia

FIGURE 8 OSCIL.LOGRAM OF TIMING SIGNALS : COMPLETE TRAIN

























FIGURE 12 OSCILLOGRAM OF 2-MICROSECOND WRITING CURRENT PULSE

Initially, this was accomplished by the circuit shown in Figure 13. The signal from
the head is amplified, and used to drive an integrating flip-flop which shifts to one state
on a positive pulse and to the other state on a negative pulse. (It will be recalled that
a positive pulse denotes the beginning of a train of 1's and a negative pulse the beginnir
of a train of 0's). The voltage wave form at one plate of the reading flip-flop is shown
in Figure 2c.” When this voltage is fed to one grid and the clock pulses to the other grid
of a gating tube, the gate output wave form is similar to that shown in Figure 2e. This
type of reading circuit presents a serious difficulty, in that the instant at which the tran-
sition from one state to another occurs is dependent upon signal amplitude., This result-
ed in erratic operation of the circuit under certain conditions.

This circuit was abandoned, therefore, in favor of the more stable circuit shown
in Figure 14, The distinguishing feature of this circuit is that the flip-flop transition
takes place essentially at the instant of the signal voltage peak, rather than when the
signal voltage rises past a certain threshold level. The operation of this circuit can be
explained with t e aid of the oscillograms of Figure 15. These show the wave forms at
various points in Figure 14, correspondingly marked, for a typical signal.

It should be pointed -t first that the wave form of the reading voltage signal shown
in Figure 2b is not quite achieved in practice. Ideally, a series of like digits should
produce no change in flux in the core, and therefore no induced voltage. Actually, how-
ever, the reproduced signal corresponding to a series of 0's or a series of 1I's is gen-
erally found to contain a residual ripple voltage, This is due to the nature of the writ-
ing process, in which the digits are written individually into each cell. The ripple can
be seen in the oscillogram of Figure 15e, which corresponds to the digital sequence :

0111111000010101010

The reading circuit must be able to distinguish between ripple, which it must not
follow, and transition pulses, which it is 'xpected to follow. The problem of discrim-
inating between these two types of signal is complicated by the fact that the ripple is
generally superimposed on the rising or falling portions of the transition pulses.

The signal (e) from the magnetic head is amplified and fed into a cathode follower
phase inverter, resulting in the delivery of two signals, (h) and (1), of opposite phase,
to channels I and II, respectively,

In each channel a biased diode permits transmission of only that portion of the sig-
nal which is more negative than a certain threshold level, resulting in signals (i) and













CHANNEL I CHANNEL II

FIGURE 15 VOLTAGE WAVE FORMS IN IMPROVED READING CIRCUIT
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microsecond.

The 7-mil head was used in this test,
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* SIGNAL. HEAD OUTPUT

OF SINGLE PULSE SIGNAI

The tape speed for writing and

reading was 1000 inches per second.

The dark timing spots in the oscillogram are 100 microseconds apart.

to-peak amplitude of this signal i

about 30 microseconds, during which time the tape moves

onstrated, however,
limited to this value,

a
S

The
The duration of the single signal 1s
It will be dem-

peak-
60 millivolts,
0.630 inch.

that the minimum spacing between successive cells is by no means

3.2 EFFECT OF SINGLE ALTERATION
Figure 17 is an oscillogran illustrating the order of magnitude ol residual signal
remaining when a sin »le pulse, representing a | . is first recorded and then selectively
erased by imprinting at the same | ition a pulse of opposite magnetic polarity ; i.e.,
the 1 is changed to a
i
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(8) 1:111111111111111 WRITTEN
AND ALTERED TO
1111111110000 0000

(b) 1 and 0 WRITTEN
25 TIMES EACH

{(c¢) SIGNAL ALTERED
TO 00000000011111111

FIGURE 18 EFFECT OF REPEATED AL TERATIONS
ON THE MAGNETIC HEAD READING SIGNAI












(b) Single 1 signal * (¢) 11111111111 Signal *

(d)

* The recorded patterns are preceded and followed by "wiped

2l

i g

(a) Writing current pulse

101010101010 Signal * (e) Ripple resulting from
alteration of (d) to 0's *

tape, equivalent to trains of idealized 0's

REPRESENTATIVE SIGNALS USED IN MPARING















(a)

(b)

{c)

100 CEL LS PER INCH.

SIGNAL WRITTEN WITH
6 p SEC., 250 M1 LIAMPERE
WRITING CURRENT PULSE

150 CELLS PER INCH.
SIGNAL WRITTEN WITH

1 4SEC., 250 MILLIAMPERE
WRITING CURRENT PULSE

200 CELLS PER INCH
SIGNAL WRITTEN WITH
14 SEC., 350 MILLIAMPERE
WRITING CURRENT PULSE

FIGURE 22 0000000010101010000111111

(TAPE VELOCITY 1400 INCHE

e e




READ AT
1400 INCHES PER SECOND

READ AT
680 INCHES PER SECOND

READ AT
1000 INCHES PER SECOND

READ AT
400 INCHES PER SECOND

FIGURE 23 EFFECT OF TAPE

OF MAGNETIC HEAD

(1010101010101010

WRITTEN AT 1400

. VELOCITY ON RESOL.UTION
READING VOI

PATTERN, 200 Ci

L1.S PER INCH,
INCHES PER SECONI
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The pattern of Figure 24 corresponds to a train of 17 successive |l s Figure 25
may be considered by halves The first half is a train of 1's with a
the second half is a train of 0's with a 1 in the middle “Figure 261s a sequence of

ylternate 1's and 0's, preceded and folTowed by short trains of 1's

(a) MAGNETIC HEAD
READING VOLTAGE
(b) OUTPUT VOLTAGE
OF READING FLIP-FLOP
|
(¢) GATED CLOCK PULSES
L — : |

FIGURE 2° TEST PATTERN 1111011110000100¢
150 CELLS PER INCH



(a) MAGNETIC HEAD
READING VOLTAGE

(b) OUTPUT VOLTAGE
OF READING FLIP-FLOP

(¢) GATED CLOCK PULSES

FIGURE 26 TEST PATTERN 11101010

150 CELLS PER
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