















































































































































































































































































































































Survey of Mechanical Printers

J. C. HOSKEN

Y THE time computers become
really sophisticated, they will com-
municate their findings to other machines
in machine language and they will only
produce the most concise progress reports
in typescript. However, until this comes
about, it is unfortunately necessary that
computers shall have large outputs which
their masters must read. By the time
clerical machines are really well-developed
they will produce bills in machine lan-
guage which we shall put directly into our
private check writers which will then pre-
pare the checks and address the envelopes
for us in machine language suitable for the
automatic accounting machines and the
automatic mail-sorting machines. But
until that time we shall need high-speed
printers to deal with the enormous output
of clerical machines.

Many people have ideas about how
high-speed printers might work but there
are not many of these desirable devices
available in the hardware stores. Be-
cause we all have more things to read
than we can possibly cope with, I have
been instructed to prepare a short and
easily digestible summary of the high-
speed mechanical printers now available
or in embryo. The subject of this paper
is mechanical printers in which, generally
speaking, something solid hits a piece of
paper to transfer ink toit. Lt.R. ]J. Ross-
heim is to deal with flying ink spots, mag-
netic powders, electrical and chemical
discolorations, and photographic devices.

Requirements for High-Speed
Printers

Consider first the form of the input,
then the form and speed of the output re-
quired from a high-speed printer. Then
look at the various classes of printer which
have been developed. Table I illustrates
the approach.

The kinds of input which most concern
us are typescript, punched tape, punched
cards, magnetic tapes, and drums, and
pulse signals directly from computers.
The ouptut required may be tabular, ad-
dress labels, forms of various sizes used
for bills, orders, notices or reports; and
any number of copies may be required.

The speed requirement varies widely.
The output from a computer may be

J. C. HoskEN is with Arthur D. Little, Inc., Cam-
bridge, Mass.
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small and intermittent. This can ob-
viously be dealt with by storing the in-
formation on a magnetic tape and feeding
the tape slowly but continuously into a
relatively slow printer. On the other
hand, it may be necessary to tabulate for
reference a large amount of information,
as in census work, or in mathematical
tables. Clerical machines may have an
enormous output of bills, premium no-
tices, orders or reports and the speed-limit-
ing factor may be the movement of the
paper or the speed at which the input can
be sensed. A punched tape can be read
at 200 characters a second, a magnetic
tape at 10,000 or 12,000 characters a sec-
ond. Punched cards can beread at 10 or
15 a second which means about 1,000
characters a second. Continuous paper
feeds of 20 or 30 feet per second are used
in newspaper printing, so continuous pa-
per speed is not a serious limitation; but
intermittent paper feeds are limited to the
order of 15 or 20 lines or controlled move-
ments a second. There are probably few
cases where continuous output speed
greater than 15 or 20 lines a second is war-
ranted. For very large outputs it is al-
ways safer to have several relatively small
units rather than one very large ome
which, if it fails, holds up production com-
pletely.

Printers Developed to Fulfill These
Requirements

Five general kinds of mechanical out-
put printer have been developed so far:

1. The single-action typewriter variety
with solenoid or pneumatic control.

2. The line-at-a-time printer used for
printing calculators and punched card
tabulators.

3. The on-the-fly machines with continu-
ously revolving type wheels and accurately
timed hammers.

4. The matrix machines which form char-
acters by selective operation of a matrix of
dot-producing hammers.

5. The bar and helix machines which use

. the same principle as facsimile devices.

SINGLE ACTION

These printers usually consist of type-
writers controlled by solenoids or pneu-
matic bellows. Ten characters per sec-
ond is the usual speed limit, though Un-
derwood claims 20 characters per second

for the typewriters used as the output for
the Harvard Mark III computer, Several
firms have fitted solenoids to standard
typewriters and the Autotypist and Ro-
botyper use a conventional ‘Pianola’
mechanism with a motor-driven crank.

For many years Teletype machines
have been made using typewriter mech-
anisms operated from punched tape or
line signals through mechanical decoders.
The principal makers are Teletype Cor-
poration and Kleinschmidt Laboratories.
Teletype Corporation is now bringing out
a new kind operating on a rather different
principle but still single-acting and in the
same speed range of 10 characters a sec-
ond. In this, their model 28, a light,
rectangular type box containing separate
pallets for each character, is substituted
for the regular type basket. The type
box provides the shift function so that
the normal typewriter carriage carrying
the platen is not needed.

The Flexowriter is in the same speed
range but its design provides greater flexi-
bility for uses outside the normal com-
munications field. It consists of an extra
rugged International Business Machines
(IBM) electric (that is, electric motor-
driven mechanical) typewriter with va-
rious optional units attached. These in-
clude a tape punch, a tape reader, a me-
chanical encoder, a mechanical decoder,
and justifying equipment (with this at-
tached it is called the Justowriter). The
tape used can be 5-, 6-, 7-, or 8-hole, and
the encoder and decoder can be easily
changed to any code needed.

Line-at-a-time printers were developed
for desk computers and punched card
tabulators. Most use a type bar with a
complete set of pallets opposite each
character position in the line. In the
usual mechanism the type bars are me-
chanically returned to the home position
and then allowed to rise under spring
tension as far as a set of individual stops
actuated by the signal through a mechani-
cal decoder. A set of hammers strikes
the pallets against the paper which is
held on a platen roll. For greater speed,
type wheels are used instead of type bars.
Type bars are used in IBM and Reming-
ton Rand tabulators and Engineering
Research Association (ERA) printer.
Type wheels are used in the IBM type-
407 accounting machine and the Bull
tabulator. These tabulators are de-
signed around punched card input and
include a number of mechanical devices
necessary in punched card accounting
systems. The decoding systems are tied
in with the particular punched card codes
used. Electrical or mechanical patch-
boards are used to enable information

Hosken—Survey of Mechanical Printers



Table |

INPYUT occaone Ty PAPER SPEER
' wi accumy- 'E z o (PER SEC)
E£YBOARD INPUY, |SERIAL/ LA-TLJVG‘ 3 E 3
pianoLa noLL [ § | TER|4 | ayour §3§E
bTYPE [ § S w s
0;uucm § 8 & & 8
INCHED W “ TN
Huacw Sgd fpe ¢
i HEEHRE
- TYPEWRITERS s4li2[6 FR (7] [0
mym_{»omm MACHINES M
SOLEMOID __JUNDERWOOD X 12[12]6 FPi 20 |
SINGLE COMERSIONS {BENSON-LEHNER ] i 12]12]6 Tl 71 1o
— AUTOTYPIST xix 8a/iz[6 il 7] [0
ACTION  PANKA — g caoTvper A B4)12[6 i (7] [0
FLEXOWRITER || X M| 84i2[6 il (7] |0
%‘4— TELETYPE i [ I em 42 F 10
i KLEINSCHMIDT I | Ix 171 F 10
i [IBM X 1hnT| T[Fuj]r M 37les[s s8] [Pi] [7 3
BARS—{RR ™ ™ M| [37le3le Pi| 17 i
e e slo/s i '
ATIME |7ype 1BM EM M Pill5]7 23
w| |3ee36lsz] IPi| |5
LWIIEELS BULL (RR & FERRANTI) X - e 1 T ] 2] 3]
- POTTER X ] € E |PH a7fio]6 [so] [Pl |4 0
SNGLE _ riigaton X E P F
ON-THE- |WHEEL | aneLex Xd ] (€ P 5/4ja0] [F B 15
FLY —|MULTI- —| sneparD X4 [E] (€ [55/a353lr0] |Pif20[ @
(WHEEL | unIvac (RR) CINE] 12E0! 1o [ Pt
SIMULTA-__[18M EREEE ) 37[ie] Jso] [FIpci 1] fes
MATRIX— NEOUS ~ |cic7 BURROUGHS sleize] IPi] (4] | |18
BAR ¢ ING —EK- FEEEE € 3 o[s|v] fri|vi3] Bsolv
OPTICAL —— EK/AM X 1 |Pn uvis3zsv piptie] | |s
HELIX  |scan 3]
€-ELECTRONIC  EM = ELECTRO MECHANICAL F= FRICTION  IP=INDUCTION PULSE M= MECHANICAL V= VARIABLE
GENERATOR
PC-PUNCHED CARD  Ph- PHOTOCELL  Pi-PINFEED

from any part of the card to be printed in
any location or locations on the form or
forms. Mechanical accumulators fit in
very well with this kind of tabulator and
are built in. These tabulators are there-
fore highly specialized devices and not
necessarily adaptable to electronic com-
puter needs. One machine of this type
was built by ERA for a government job.
It had an electrical input. A tabulator is
made in France by Ste. des Machines
Bull. It is handled in the United States
by Remington Rand, and a modification
of this tabulator is used with the Fer-
ranti Computer.

The output of these tahulators is
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normally pin-fed forms and the speed
limit of the type bar machines is about
11/, lines per second. The type wheel
machines can operate up to nearly twice
this speed. The ERA machine operates

Figure 1
Teletype model-28
printer r

(right)
trans-

Figure 2
Flexowriter
lator

(below). €

at one line per second. Owing to the bulk
of the mechanism, there are limitations
on the closeness of the characters. EFor
instance, the Remington Rand tabulator
prints about 6 characters per inch. §§ i

SEEKER

PERMUTATION BARS
TRANSLATER SLIDE
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Figure 3.

‘ON-THE-FLY PRINTERS

A logical development from the inter-
‘mittent-motion print wheel machines is
the on-the-fly printer in which the print
-wheel rotates continuously and a light

SELECTOR CLUTCH GEAR
Figure 4. IBM type wheel
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CONTAGT
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IBM type bar

fast-acting hammer presses the paper
against the wheel at the moment the
required character is in position. Shortly
after World War II the Armed Forces
Security Agency let a contract for the

SELECTOR CLUTCH
REAMER

[¢]]
—i+

AR i

Figure 5. Remington Rand decoder

development of such a printer. The first
one was made by Wheaton Engineering
Company and printers of this kind are
now available from ANelex Corporation
and Shepard Laboratories. These have
one print wheel per character position.
The new Univac printer is to be of this
type.

A printer of this kind requires not only
a decoder to translate binary signals into
individual character signals but also a
character timing encoder and a temporary
memory for each character position. The
encoder is needed to delay the signals to
the hammers until the correct character
arrives. The memory is required if the
input is serial, as from a magnetic or

PULSE
GENERATOR .COILS

T

SELECTOR

CLUTCH DOG

R aihihi
v @ - < —

T

Figure 6. ANelex synchroprinter
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Figure 7. Print wheels and mechanism of
ANelex synchroprinter

punched tape, because the information
has to be put in parallel form before it
can be used. In the case of the mechani-
cal tabulator the memory is the mechani-
cal latch system, triggered from the in-
coming signals which may be serial or
parallel. In the case of the ANelex the
memory is a series of electronic registers.
Just as a mechanical tabulator can print
totals by the use of racks on the type
bars which rotate mechanical decade
counter units back to zero, so the ofi-the-
fly printer can print from electronic
counters driven on to zero by mechani-
cally timed pulses derived from the print
wheel drive system.

The ANelex printer is relatively small
and fits into a standard relay rack. It
provides 40 characters per line and oper-
ates at up to 15 lines per second. It is
described in detail in another paper.

The Shepard printer works on the same
principle but is generally larger, having
120 characters per line. It operates at up
to 10 lines per second and uses 1,100
tubes.

Another on-the-fly system is the Potter
‘flying typewriter’ which uses only one
print wheel, instead of one per character
in the line. In this case the hammer im-
pulse timing depends on both the re-
quired character and the position of the
character in the line, since the characters
on the one wheel have to be used by all
the hammers. The first Potter machine
with 80 characters per line had a speed of
5 lines per second and used 1,200 tubes.
A later model uses two sets of characters
round the print wheel and has twice the
speed (10 lines per second). It uses a
small magnetic drum memory in place of

Hosken—Survey of Mechanical Printers

HAMMER
SOLENOIPS
\

900 of the tubes. The general principles
of operation have been explained else-
where.! Briefly, the electronic system
consists of 80 6-binary-digit shift registers,
one for each character position. Binary

NS
S

Figure 8 (above).

Shepard printer

Figure 9 (below). Potter flying typewriter

T
PHOTOELECTRIC
COMMUTATOR

_~—CONTINUOUSLY
ROTATING SHAFT

character codes can be fed into these in a
serial or parallel form. When the
registers have been filled, photoelectric
cell signals from slits in a wheel coupled
to the drum are fed into the registers. As
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each register comes to the final carry, it
pulses the corresponding hammer. To
allow for the fact that each type slug
reaches each line position in turn, each
register gate is held off until the previous
one has received a pulse.

MATRIX PRINTERS

The main limitation to the speed of
most high-speed mechanical printers is the
time needed to get one tvpe slug out of

the way before the next can be positioned.
The matrix system avoids this difficulty.
Although a 5-by-3 matrix is enough for
intelligible figures, a 7-by-5 matrix is
usually used for alphanumeric systems.
There are two methods of using the ma-
trix principle. In one the paper remains
stationary during printing by a selection
of 35 pins. The IBM printing card punch
type 26 is one example of this. Another
is the Control Instrument Company

N
(NN NN

= N\

Figure 12 (below).

(Burroughs) printer which seems to have
defied the laws of nature and returned
to the egg stage. The other principle
makes use of one row of pins only, each
character being generated by a number of
impressions from selected pins. For high-
speed operation the paper moves con-
tinuously past the pins. An example of
this system is the Eastman Kodak printer
described in another paper.

The obvious difficulty with a matrix
system is the fact that, while 6 bits of in-
formation are enough to specify a charac-
ter, 35 bits of information are used in
operating a 7-by-5 matrix of needles. If
each needle is operated by a solenoid and
electronic amplifier, and if a line at a time
is to be printed, an 80-character-per-
line printer will use nearly 3,000 amplifiers
and solenoids, which is rather far from
efficient.

The IBM printing punch gets over the
difficulty very neatly by operating the
flexible needles with a printing-code
plate, the mechanical analogue of a
switching matrix. The punches operate
interposers which move the code plate in
two co-ordinates, in units of 20 mils. The

Figure 11 (left). Potter flying typewriter

IBM printing punch, model 26

K

WIRE GUIDE ASSEMBLY

SCHEMATIC OF PRINTING
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printing and punching speed is 25 charac-
ters a second. In this particular applica-
tion only one character is printed at a
time and therefore the space problem is
not very serious.

Unfortunately, I do not know how the
Control Instrument Company’s printer
gets over the difficulty of operating 36
matrices in parallel.

The Eastman Kodak printer uses the
scanning matrix technique, printing one
line of dots at a time on fast moving
paper. A gating tube is used for each of
the 35 dots in the matrix but only five
or seven output channels and electro-
mechanical hammers are needed for each
character. In this case the operating
speed is so high (about 350 characters per
second) that it is practicable to feed forms
through the machine sideways, using only
one head per line instead of one head per
character per line. For instance, a form
containing five lines of 36 characters
could be printed with 5 heads in about
1/10 second, which is equivalent to about
50 lines a second.

BaARr anND HeELIX

While the bar-and-helix principle is
commonly used in electrolytic facsimile
systems, there seems to be only one
printer of immediate interest using a
mechanical bar and helix, that designed
by Eastman Kodak and manufactured by
Addressograph-Multigraph. This printer
was designed originally for copying typed
names and addresses from punched cards
on to dick strips, but it can also be used

Figure 14. Eastman Ko-
dak matrix printer
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Figure 13 (left). In
embryo

Figure 15 (right).

Eastman Kodak ad-

dressograph - multi -
graph printer

on preprinted forms. Most models print
four lines at a time and scan up to two
normal addresses a second. Among the
newer high-speed printers this one is re-
markable in that nearly 100 have already
been made.

The Illustrations

Figure 2 shows the Flexowriter trans-
lator. One permutation bar is used for
each possible hole in the code. All bars
are initially to the left. When a code is
read, the bars corresponding to holes are
allowed by the armatures to be pulled to
the right by springs. Projections on the

bars are so arranged that only one of the
seekers is opposite a slot in each bar and
can be pulled back by its spring. An
operating bar parallel to the translator
bars engages and pulls down this seeker
thereby operating only the corresponding

typewriter key.
Figure 4 shows the IBM type wheel.
The two reamers turn throughout the

cycle. Their motion is transmitted only
after the clutch dogs are released. Timing
of the two clutch dogs represents the
positions of the two holes in the code.
The selector drives the print wheel coun-
terclockwise. When the print cam pushes
the type wheel hanger to the right, the
type wheel is given a clockwise com-
ponent of rotation. At the moment of im-
pact the two components cancel and the
letters are printed without smudging.
Figure 5 shows the Remington Rand
decoder. The double pressed steel unit
shown converts two parallel 6-bit codes
to latch selections to stop two rising type
bars. (Only the left-hand permutation
plates are drawn in detail.) Permutation
plates corresponding to the code are
pushed from below against the springs

OUTPUT TUBES

_ CONTROLLING HAMMERS
COUNTER CHAIN /

RRBPP®)

olleflellellole

J
©ljellofloll® 1o} | gaTING
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above.
they hold the projections of all but one
latch which is pushed to the left by a
spring when the common control bar
moves to the left.

Figure 6 shows the ANelex synchro-

The slots are so arranged that

printer. The pulse generator produces a
pulse in each character wire as that char-
acter on the print wheel approaches the
hammer. That character is printed which
corresponds to the switch which is made.

Figure 14 shows the Eastman Kodak
matrix printer. A single permanent mag-
net maintains a flux across a series of
actuators like polarized relays. A ham-
mer is operated by the gating-tube matrix
whenever both the character gate, con-

Figure 16. Eastman

Kodak addresso-

graph - multigraph

printer for narrow
forms

trolled by the character encoder, and the
counter gate, controlled by paper posi-
tion, of one of its associated line of gates
are open.

Figure 15 shows the Eastman Kodak
Addressograph-Multigraph printer. The
illuminated typed matter on a punched
card is viewed by a photoelectric cell
through a mechanical scanner coupled to
a mechanical bar and helix printer.

Conclusion

To summarize, various machines for
typewriter speeds are available, the most
versatile of which is the Flexowriter. For
parallel inputs like punched cards, line-

at-a-time tabulators are available through
IBM, Remington Rand, and Bull, to
operate up to nearly three lines per
second. In addition to printing, these
machines have internal accumulators
and very flexible devices for rearranging
the input information into a suitable lay-
out. These machines can be modified to
accept digital computer information, as
has been done for the Ferranti computers.

For higher speed straight tabular out-
put on-the-fly printers are suitable up to
about 15 lines a second. Potter, ANelex,
and Shepard machines are being pro-
duced. The electronic equipment neces-
sary for use with these is quite compli-
cated. The only general-purpose simul-
taneous matrix printer known to the
author is that of the Control Instrument
Company (Burroughs) which is appar-
ently still in embryo. The fastest me-
chanical printer is the Eastman Kodak
scanning matrix printer. By the useof a
large number of heads, several hundred
lines a second could be printed at a large
cost in electronic complication. Very high
speeds still are possible using one head per
line on short forms or address labels.
The Eastman Kodak Addressograph-
Multigraph bar-and-helix printer is the
only one available for copying type in-
formation on to dick strips and short
forms at a high speed.

Reference
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Discussion

W. P. Byrnes (Teletype Corporation):
What speeds are available for the matrix,
for the bar, and for the helical type of
printer? ’

Mr. Hosken: The control instrument
device does five lines of 36 characters,
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and it will print forms at about 2 or 21/, a
second. I can tell you nothing further about
this device. As far as the Eastman Kodak
printer is concerned, in the next paper there
will be a great deal of detail about this sub-
ject. There is a bar-and-helix device on
show here in the building, that does about
two addresses per second.

F. H. Shepard, Jr. (Shepard Labora-

tories): In defense of the 1,100 tubes in
the Shepard Laboratories printer, I might
say that no crystal diodes are used; they
are all thermionic.

E. Masterson (Remington Rand): Inde-
fense of the Remington Rand printer, it
was mentioned in your paper in the wrong
category. It is of the ANelex and Shepard
type.

Hosken—Survey of Mechanical Printers



Nonmechanical High-Speed Printers

R. J. ROSSHEIM

O SURPASS the speed limitations of

more conventional approaches to
printing digital information, which com-
monly involve hard type faces coming
in contact with the recording paper,
some essentially nonmechanical methods
have been investigated. The fundamen-
tal characteristic common to these sys-
tems is that character selection, position-
ing, and formation are accomplished with-
out mechanical motion or contact. The
next limitation, and a problem which
appears to be of the same magnitude as
high-speed character formation, is the
permanent recording of the images once
they have been formed. This does in-
volve physical motion and related me-
chanical problems. In the following are
described several systems which were
brought to the attention of the Office of
Naval Research during a recent survey.

The Atomic Instrument Company has
produced a high-speed direct-recording
printer called the Dataprinter; see Figure
1. Developed in conjunction with an ana-
logue-voltage-to-digital-pulse  converter
and a digital-pulse counter, the printer
is capable of recording 3-digit decimal
numbers in a column at rates from 10 to
500 per second.

The decimal number representation
is of the dot-array type, the dots being
formed by sparking tungsten-filament
wires through Western Union type-L
Teledeltos paper. This is a multilayer
paper used in facsimile work and contains
beneath the light-gray reading surface
a pitch-black layer which is exposed in
the sparking process. The paper, 16
millimeters wide, is run from one reel to
another during the recording period,
passing beneath a row of 11 tungsten
wires. One wire is used to provide
timing marks, one is for sign indication,
and the remaining nine are divided into
three groups of three wires per digit.
Pulses may be delivered to some or all
of the digit wires up to five times for a
given digit; thus a 3-by-5 array is availa-
ble to represent all digits. The motion
of the recording paper from reel to reel
during the printing process is continuous
at speeds which may be varied to suit
the information input rate. When re-
cording 500 3-digit numbers per second,

R. J. RossHEIM, Lieutenant, United States Naval
Reserve, is with Office of Naval Research, Logistics
Branch, Washington, D.C.

the tape moves at about 100 inches per
second, and the 800-foot reel will last
1!/, minutes. The cost of this reel of
paper tape is $1.40. Ten-wire inputs
are provided for each digit position. It
is necessary to maintain the input signal
to the selected wire until printing of the
digit is completed. The printer requires
47 tubes, 4 diode matrices made from
Harvard selenium diode boards, and 8
power-control relays. The equipment
occupies 37 inches of standard rack panel,
and consumes approximately 500 watts.

The electrical marking process as
developed in the Dataprinter appears
to be quite fast, and quite acceptable for
some applications. In the samples seen,
the marks made by the wires are sharp
and evenly spaced. With some practice
the 3-by-5 dot decimal representations
are easily recognizable. The contrast
between marks and background is not as
great as in common printing. The form
of the printed output in the unit pro-
duced has been largely determined by
the particular application. The advan-
tages of reels of narrow tape moving at
constant speed have made possible a
comparatively simple and inexpensive
unit., The manufacturer is considering
a page printer utilizing the same princi-
ples, and will build models with 5-by-5
ot 5-by-7 dot arrays-to suit the applica-
tion.

A system of data recording based on the
properties of shaped magnetic fields has
been partly explored by the General
Engineering Laboratory of the General
Electric Company. The basic process,
named Ferromagnetography, (Fig. 2),
consists of three steps, as follows. First,
a latent magnetic image is produced on a
permanently magnetizable surface.
Second, the transfer medium consisting
of finely divided charged particles is
placed in contact with the surface con-
taining the latent image, adhering to the
magnetized areas and thus making the
image visible. Third, the surface now
containing the visible particles is brought
in contact with thefinalrecording medium,
perhaps a paper treated with an adhesive,
and the image in the form of the visible
particles is transferred to the final paper
surface. By repeating steps 2 and 3,
multiple copies can be made from the
latent image resulting from step 1.

A pilot model has been constructed

Rossheim—Nonmechanical High-Speed Printers

which indicates the details of a printer
utilizing Magnetography and suggests
quantitatively what might be expected
from such a system fully developed. The
equipment to produce the latent magne-
tized image consisted of a shaped core
piece (the shape chosen was a figure 7)
mounted on the surface of a rotable
drum. A second core piece was mounted
facing the drum in such a position that
the shaped piece passed directly opposite
each time the drum revolved. Around
the second core piece was wound a low-
inductance coil, forming an electromag-
net capable of being energized by a very
rapid pulse (about 30 microseconds).
Between the opposing cores ran a mag-
netic tape on which could be recorded a
latent image shaped by the character core
piece mounted on the drum. In order
to trigger the pulse which creates the
magnetic recording field, a pulse-generat-
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Figure 1. Atomic Instrument Company Data-

printer model 10ABC (left); top half of rack

contains voltage-to-decimal converter. Sam-

ple output (16-millimeter tape) from Data-
printer (right)
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Figure 2. Diagrammatic representation of General Electric Ferromagnetography

ing ring was mounted on the same shaft
as the drum. A trigger pulse was gener-
ated each time the cores were exactly op-
posite, so that one character was recorded
each time the drum revolved. The drum
speed was 2,400 rpm. The resultant
speed of this single-character single-
column image recorder was 40 lines per
second.

The proposed complete system in-
volved passing the permanently recorded
tape in the form of a closed loop through
three successive processes. The tape
with its recorded latent character images
would be passed close to an agitator belt
bearing loose electrostatically charged
iron-oxide particles. The dust would
adhere to the magnetized portions of the
tape, making visible the character pat-
terns. Next the dust patterns would be
pressed against adhesive paper which
would retain permanently the recorded
images. Finally, the magnetic-tape loop
would pass through a demagnetizer which
would erase the former images and allow
the tape to be recorded again with new
data, thus completing the cycle. If mul-
tiple copies were required, the erasing
process would be omitted. Diagrams of
the proposed system do not indicate that
the problem of moving the magnetic
recording tape in discrete steps rather
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than continuously has been attacked. It
appears that this start-stop tape advance
wotild be necessary when different charac-
ters are arranged around the drum cir-
cumference, since all characters must be
presented to the same tape position before
a recording cycle is completed. There
is no indication at present that a finished
product using Magnetography principles
for digital-computer output is being
developed by General Electric, although
other laboratories have indicated interest
in pursuing similar approaches.

Several groups have explored the possi-
bilities of cathode-ray tube display of
alphanumeric information with high-speed
printing in mind. Engineering Research
Associates, Inc., in 1950 delivered to the
National Bureau of Standards an equip-
ment called the Magnetic Numeroscope
Printer designed to avoid restrictions on
the use of digital computers by the limita-
tions of output printing devices; see
Figures 3 and 4.

The system is comprised of three basic
parts, a set of magnetic drums, a cathode-
ray tube, and a motion-picture camera
motunted to record permanently the out-
put data. Two narrow magnetic drums
have mounted around their peripheries
permanent recordings of the deflection
voltages needed to make the electron

beam in the cathode-ray tube trace the
desired characters. One drum contains
the horizontal deflection recordings, the
other contains the vertical. Of the 40
spaces for different character recordings
around the drum peripheries, only ten
representing the decimal digits are used
in the experimental equipment. The
deflection recordings are made on mag-
netic-surfaced ‘nserts which are screwed to
the drum surface. The third drum car-

. ries positioning pulses needed to select a

specific character, and clock pulses which
determine the displacement of successive
characters on the cathode-ray tube screen.
Only ten pickup heads are arranged
around the character-signal drums, al-
though once again there is room for 40
on a full-scale model. Provision has
been made to select the set of pickup
heads under which the desired recordings
will next pass after the coded signal from
the computer has been received. With
ten sets of pickup heads, the maximum
access time to any character is therefore
one-tenth of a drum revolution. With
a full complement of 40 heads, this would
be reduced to one-fortieth of a drum
revolution. Access time to the character
signals is the fundamental speed limita-
tion in this part of the system.

To display a character on the 5-inch
cathode-ray tube, it is necessary only to
unblank the electron beam, position it in
the line of printing, and apply to it the
horizontal and vertical deflection voltages
selected from the recordings on the drums.
Finally, to record permanently the in-
stantaneous displays on the cathode-ray
tube, a 16-millimeter Bell and Howell
microfilming unit somewhat modified
has been used. 1t is assumed that the
printing rate will be reasonably uniform
so that the film transport is continuous
at 0.2 inch per second. To compensate
for the displacement of characters in a
line of printing caused by this continuous
motion, the characters are skewed pro-
portionally in the opposite direction on
the screen of the cathode-ray tube.

Both a manual keyboard input unit
and an electronic keying unit have been
built, the latter to accept short-duration
voltage pulses such as would come from
the output of a computer. The selec-
tion and gating circuits of the unit utilize
the full capabilities of the printer. The
printing speed of the decimal printer
model with a drum speed of 3,000 rpm is
500 decimal digits per second, 100 charac-
ters per line. As has been indicated, a
full complement of 40 pickup heads would
increase this speed by a factor of 4 by
reducing the drum access time, and it is
claimed that an increase in drum speed

Rossheim—Nonmechanical High-Speed Printers



by a factor of 2 to 4 is within reach. Thus
using these techniques, 8,000 characters

per second seems to be possible. The
characters have the appearance of line
drawings rather than conventional type,
but they are quite legible and distinguish-
able. Additional processing of the ex-
posed film is necessary, of course, but the
total cost of hard copy is estimated at 5
cents per square foot.

The Charactron developed by the Con-
solidated Vultee Aircraft Corporation
(see Figure 5) is an entirely different
approach to cathode-ray tube display of
information. The heart of this system is
a specially designed tube. The electron
beam in this tube must pass through a set
of character selection plates, through a
beam-shaping metal stencil, and finally
between a set of deflection plates, before
it travels to the fluorescent screen. The
function of the selection plates is to choose
the desired character from the array of
character shapes cut out of the metal
stencil mounted in the tube between the
electron gun and the screen. FEmerging
from the stencil, the character-shaped
electron beam is then positioned with re-
spect to the tube screen so that the char-
acter selected will fall in the proper posi-
tion in the line of information. The
Charactron principle depends on focus-
ing the electron beam in such a way as to
form a relatively large beam, large enough
to cover an entire character opening in
the stencil. Character stencils may be
prepared with characters and symbols to
fit the application. Arrays as large as 10

Figure 3 (left).

Engineering
Research Associates magnetic
numeroscope printer

Figure 4 (above). Reproduc-

tion of 35-millimeter film rec-

ord from magnetic numero-
scope printer

by 10 are considered practical. When the
beam emerges in the shape of the desired
character, it is gradually enlarged until
it impinges on the screen.

For computer printing applications the
designers of the Charactron propose to
use dry photographic methods to copy
successive displays from the face of the
tube, permanently tecording them on
paper. Such a process, called Xer-
ography, will be described in the following.

Of interest in computer applications is
the fact that a binary code may be easily
decoded into the horizontal and vertical
voltages needed to select characters from

(CODE CONVERTER l
|
1

(HARACTRON TUBE

POWER SUPPLIES

an 8-by-8 character array. It appears
that by using the methods described in
the foregoing, characters may be selected
and displayed at speeds up to 10,000
characters per second. Work is under
way to perfect and build a complete
Charactron-Xerographic printer.

In still another cathode-ray-tube dis-
play method, magnetic cores are used to
provide the character-signals. The high-
speed magnetic core output printet,
Figure 6, has been developed by the
Laboratory for Electronics, Inc., for
data-processing and computer applica-
tions which might require rapid data con-
version and either visual display or
permanent recording capable of being
directly read.

The purpose of the magnetic-core
device is to produce a dot-modulated
signal which is used to intensity-modulate
the grid of the cathode-ray display tube.
The technique employed to produce dot-
modulated character signals is as follows.
Magnetic cores are arranged in a 2-di-
mensional array, seven cores wide by
eight high. Fach core may be considered
as representing a dot in a rectangular
array of dots from which is selected a set
to indicate the desired character. To
determine the form of a particular char-
acter, a read-out wire is passed through
those cores in the rectangular array cor-

PAPER SUPPLY

(o

Figure 5. Consolidated Vultee Aircraft Charactron-Xerographic high-speed printer
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responding to dots in the display image.
By interrogating or pulsing the cores in
the array one by one in systematic se-
quence, it is possible to make each core in
the array change from its zero state to its
one state. A pulse is generated on the
read-out wire each time a core through
which it passes changes state, and the re-
sult is a signal unique to each read-out
wire which may be used to intensity-
modulate the grid of the cathode-ray dis-
play tube. If the electron beam in the
tube is synchronized in its scanning with
the order of interrogating the core array,
the line described by the read-out wire
will be reproduced by a series of dots on
the tube screen. In practice all the read-
out wires, one for each different charac-
ter, are run through a single set of cores.
By interrogating the cores in the array
continually, character signals are pro-
duced on all of the read-out wires and it is
necessary to choose only the one corre-
sponding to the input code in order to
display the proper character. The dis-
play tube must, of course, have additional
control over horizontal and vertical place-
ment of the dot image in order that it be
in the correct position relative to the
other characters.

A unit is being built which will be capa-
ble of displaying approximately 8,000
characters per second. It is intended to
use either wet or dry photographic tech-
niques to record the displayed informa-
tion, depending on the application. The
designers note that, using 1/8-inch charac-
ters, up to 6,000 characters could be dis-
played on a single 15-inch tube.
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A somewhat different display system
has been breadboarded by the Naval Re-
search Laboratory, involving the use of a
monoscope for generating the signal used
to modulate the intensity of the writing
beam in a cathode-ray display tube. The
monoscope is a special cathode-ray tube
which produces an output current propor-
tional to the electrons reaching the screen
of the tube. By placing in the tube a
mask containing the characters which are
to be used in the output display, and by
scanning the small rectangle in the mask
containing the desired pattern, a unique
character signal is generated. If this
signal is then used to control the intensity
of the electron beam in the display tube,
the mask pattern will be reproduced.
Character selection takes place in the
monoscope, while characters are posi-
tioned and appear in the display tube. A
mask of 4-by-4 patterns would be used in
a monoscope for the Naval Research
Laboratory computer which works with
codes representing decimal digits 0
through 9 and letters 4 through F.

Speeds comparable to the other elec-
tronic methods could be attained by using
the monoscope. No work has been done
on a copying process, since rapid display

b
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is the primary requirement, but the fore-
going methods would apply here as well.

There are two other schemes which
have been diagrammed and which may be
further developed in the future. The
Austin Company would make use of a
high-speed electrical marking process in-
volving Alfax paper. This paper is
chemically treated and when thoroughly
moist may be permanently marked by
the passage of a current pulse through a
brush in contact with it. The brush must
be of ferrous material since there is a
chemical action between the brush and
Alfax paper when current is applied.
The brush material is consumed gradu-
ally in the process and would have to be
periodically replaced. The marks on the
paper are distinct and of sufficient con-
trast, which improves as the paper dries
out. The paper is not light-sensitive nor
can it be marked accidentally in routine
handling, but its sensitivity is dependent
on its moisture content. Unless there
were rigid moisture and humidity control,
the intensity of the markings might vary
considerably.

The technique which the Austin Com-
pany envisages would depend on the bar-
helix system to form the characters.

Laboratories dec-

ur —
I
- ’_\ imal digits and

/ the basis of their

formation

Figure 7. Hogan
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They estimate that the present specifica-
tions of the recording paper would permit
speeds of 20 lines per second.

Hogan Laboratories, Inc., have pro-
posed a high-speed electronic digital
recorder using a product called Fax-
paper. This paper was developed for the
Hogan Faximile System and is marked by
passing current through it between two
electrodes in contact with it. It is
planned that the decimal digits would be
formed by specially shaped electrodes in
an array of segments roughly forming a
rectangle with center lines and diagonals.
There would be a set of these marking
electrodes for each column of printing.
If a data source, such as a computer, sup-
plied digits serially, switching from
column to tolumn would be electronic
and would involve applying the output of
a 44-rectifier encoding matrix to the
appropriate set of marking segments. It
is estimated that 500 to 1,000 characters
per second could be permanently re-
corded using this scheme, although ap-
parently no work has been done on a suit-
able paper advance to keep up with the
recording speed.

From the foregoing it is clear that the
cathode-ray-tube type of display is both
practical and flexible when used for high-
speed character formation. Use of the
cathode-ray tube implies a further process
if the information is to be permanently
recorded. Photographic methods can be
utilized for this purpose, and dry proc-
esses are particularly attractive in those
applications requiring immediate and
legible results.

Such a process is Xerography developed
by the Haloid Company. The central
element of the system is the xerographic
cylinder which in a revolution passes the
information to be recorded permanently
through a succession of processes. The
initial recording of the cathode-ray-tube
display depends on the photoconductivity
of a thin film which is the surface of the
cylinder. Just prior to recording, the
surface is charged, and a latent electro-
static image is formed when the light pat-
tern from the cathode-ray tube is pro-
jected on the surface. The charge is
transmitted through the film in the il-
luminated areas only. In the next step
the electrostatic image on the cylinder is
brought into contact with developing
powder of opposite charge. The powder
particles adhere selectively to the cylinder
surface. The powder image is then trans-
ferred to the final paper base by pressing
the paper against the cylinder and at the
same time placing an electrostatic charge
on the paper of such polarity as to attract
the powder image away from the cylinder.

The image is fixed on the paper by heat
treatment which fuses the powder and
makes it adhere to the paper base. The
final copy is ready at this point and it is
necessary only to brush any residual pow-
der from the cylinder surface to prepare
it for the initial process again.

The upper speed limit of this process is
determined by the use of the cathode-ray
tube as a light source. Present materials
indicate a drum peripheral speed of 2
inches per second, which, using type-
writer-width paper and typewriter char-
acters, corresponds to 1,000 characters
per second. If the intermediate process of
microfilming is used, the light intensity
during xerographic recording may be in-
creased and a writing speed of 2,000
characters per second is attainable.

References

1. SurvVEY OF HIGH-SPEED PRINTERS FOR DIGITAL-
CompuTER OuTPUT, N. M. Blachman, R. J. Ross-
heim. Office of Naval Research, Washington,
D. C., August 1952.

2. MAGNETOGRAPHY. General Engineering Lab-
oratory, General Electric Company, May 1951.

3. Magnetic Numeroscope Printer, Final De-
velopment Report, H. I. Daniels, J. W. Hogan.
Engineering Research Associates, Inc., April 1950.

4. THE CHARACTRON, J. T. McNaney. Con-
solidated Vultee Aircraft Corporation, March 1952.

5. A HiGH-SPEED MacGNETIC-CORE  OUTPUT
PRINTER, B. M. Gordon, R. N. Nicola. Laboratory
for Electronics, Inc., September 1952,

6. HicH-SPEED ELECTRONIC DICITAL RECORDER
(brochure), Alfred F. Deuth. Hogan Laboratories,
Inc., New York, N. Y., December 1950.

Other Data Sources
Atomic Instrument Company, Cambridge, Mass.

Naval Research Laboratory, Washington, D. C.
(D. H. Gridley)

The Austin Company, New York, N. Y.
The Haloid Company, Rochester N. Y.

Discussion

H. F. May (Teleregister Corporation):
In the matrix printer of the Laboratory for

Electronics, Inc., when 8,000 characters -

per second are used, will the matrices have
as many dots as you showed here, or will
there be fewer dots? Apparently there were
approximately 56 dots in that matrix.

Lieutenant Rossheim: That is correct.

H. F. Lanier (Goodyear Aircraft Corpo-
ration): Has continuously printing Xero-
graph apparatus been put into operation.

Lieutenant Rossheim: I believe it has.
I do know there is someone here from the
Haloid Company and, presumably, he would
be glad to talk about this with you.

D. W. Davies (National Physical Labo-
ratory, England): Does the proposed
Charactron Xerographic printer produce a
negative picture of the printed characters?
I understand that the image produced on
the paper is negative since the light acts
by discharging the paper. Does that mean

Rossheitm—Nonmechanical High-Speed Printers

that the numeroscope can produce a neg-
ative picture on its screen, or that the paper
is to be a dull paper and white powder is
applied?

Lieutenant Rossheim: I did not have
time to go into the details of the process, but
the powder which is used to develop the la-
tent image can be charged in either direction
electrostatically, depending on the form of
the powder, and therefore either a negative
or a positive image may be developed.

B. S. Benson (Benson-Lehner Corpora-
tion): In the first work described, I think
you spoke of converting to 3 decimal digits
at a rate up to 500 per second. Does this
mean that the direct-current-to-decimal
converter also keeps pace with this, or was
it just the actual printing mechanism?

Lieutenant Rossheim: I do not know
the details of the development, but I would
guess that the printing speed attempted
to keep up with the data conversion.

T. M. Berry and J. P. Hanna (General
Engineering Laboratory): In the oral pres-
entation of this paper two statements were
made concerning Ferromagnetography which
require correction or clarification. First,
it was stated that the latent maguetic
images were developed or ‘inked,” using
electrostatically charged particles. This
is incorrect. The latent images are de-
veloped or made visible with a finely divided
ferromagnetic powder such as magnetite
which is held by magnetic attraction.

Second, it was stated that the permanent
magnet tape in which the latent magnetic
images are formed or the type-set must be
stepped or notched line by line to obtain all
different characters on the same straight
line across the paper. This is not the only
way of obtaining all the characters in a
straight line. It is also possible to have
the recording tape driven continuously
and synchronously with the character drum
at the proper speed ratio. A pulsing shoe
is used, the height of which is equal to two
line spaces, and the time occurence of the
recording pulses is shifted by the amount
necessary to compensate for the motion of
the tape from character to character. In
this manner all zeros in a given line would
print at the top of the pulsing shoe. All
ones would print lower on the pulsing shoe
by the amount the tape had moved in the
time required for the character drum to
move from the zero’s row to the one’s
row. This process would continue until
finally the nine or the Z or whatever the last
character row might be would print at the
bottom of the pulsing shoe and still on the
same line across the recording tape as the
zero’s.

Thus, for high-speed printing applica-
tions where a continuous flow of information
to be printed exists, the recording tape and
paper could be continuously and rapidly
driven to utilize fully the very high mag-
netic ‘typesetting’ speeds available. Paper-
notching mechanisms need not limit the
printing speed of these applications.

Finally, it might be added that equivalent
tabulating speeds for decimal information
of 200 lines per second have been demon-
strated with the simple magnetic ‘typeset-
ting’ device. A current pulse of about
10-microsecond duration was used. Also,
the recording tape used is of a durable
metal with mechanical properties similar
to those of spring steel.
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The Eastman Kodak Multiple-Stylus

Electronic Printer

R. G. THOMPSON

HE Eastman Kodak multiple-stylus

electronic printer prints, at high
speed, outputs from electronic computers,
insurance premium notices, utility bills,
addresses on magazine labels, addresses
on cards and envelopes, and so forth.
High-speed printed communication is
also a field for this printer, as it can be
operated by remote control, without
synchronization.

This nonphotographic electromechani-
cal printer operates from a coded signal,
supplied from any suitable source, such
as from the holes in automatically fed
punched cards, film, perforated tape, mag-
netic tape or magnetic wire, radio, coaxial
cable, electronic computer, -electronic
storage, and so forth. The coded signal
releases a predetermined sequence of
operations to print the entire built-up
rectangular-dot character, automatically,
from a 5- by 7-dot rectangle, made up of
35 rectangular dots, five rows of seven
dots each for serial print, or seven rows of
five dots each for parallel or columnar
print, as shown in Figure 1.

Every character is connected perma-
nently into a 35-switch electronic matrix
printing storage which operates the print-
ing styli. The number, variety, and form
of characters desired are provided for in
the electronic decoder and electronic ma-
trix connections. Current models have
single-case billing-type letters and nu-
merals and special characters.

The printing is done by a single row of
five or seven styli, each stylus being opet-
ated by an independent polarized relay to
print or not print (yes or no) rectangular
dots, in accordance with the predeter-
mined pattern of the amplified signals re-
leased from the electronic matrix. These
styli strike impact blows on carbon paper
to print rectangular-shaped carbon dots,
row by row, on the paper under the car-
bon paper, for the character signaled, as
the paper and the carbon paper at one-
fourth the paper speed, pass between the
anvil and the styli. Heat fixes the carbon
impressions.

Current models print on ordinary
paper, 0.003 inch thick in 4,200-foot-long
rolls of the desired width, which is run

R. G. TeompsoN and C. E. Hunt, JR., are with
the Eastman Kodak Company, Rochester, N, Y.
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continuously at speeds up to 50 inches
per second under the printing styli as-
semblies. One-time carbon paper from a
separate roll is run between the styli and
the paper. Thick cards and thick paper,
or sheets, can also be printed.

The printing speed is 300 to 400 charac-
ters per second for each printing assembly,
as much as 20 times the maximum speed
of automatic typewriters. Six hundred
4-line address labels, of 96 characters
each, can be printed per minute.

Adding printing heads increases the
output proportionately as follows:

Number of characters per minute = Number of
printing heads X 400 X 60

Printing Heads Characters Per Minute

Lo 24,000
4o e 96,000
G 144,000
100, oo 2,400,000

Patents have been allowed, without any
references, covering the multiple-stylus
printing and the electronic matrix con-
trol.

The multiple-stylus electronic printer
can be made in various forms and com-
binations for the particular performance
and service required; for setial or parallel
printing, different numbers of lines or

" columns, different signal sources, and so

forth. The electronic printer described
in this paper is now in process for the
Eastman Kodak advertising department,
where it will be used to print dick strip

. for publications and direct mail.

General

The multiple-stylus electronic printer
prints dick strip from the signals received
from the holes in punched cards at the
rate of 36,000 to 42,000 addresses per
hour. There are two separate principal
units, the printer, and the electronic unit,
connected by cables. These two separate
units are built into two metal cabinets,
shown in Figure 2.

The printer consists of two sections,
driven by the same motor, through a vari-
able-speed transmission. One section, the
end-card feed and card reader, is a spe-

cial, positively operated card feed with
the addition of a photoelectric reading
station, to read all the holes in all the
columns of the tabulating card. The
signals from the holes in the card are
transmitted to the electronic unit by
cables. The other section of the printer
prints the tape in accordance with the
grouped signals received from the elec-
tronic unit, and consists of the styli-
printing assemblies, the dick strip paper
rolls, carbon paper rolls, feeds, controls,
and so forth.

The electronic unit stores the signals
received from the cards, rearranges them
in the proper sequence for printing, then
decodes the signals, and translates them
in predetermined combinations and se-
quences of signals for the printing styli to
print the corresponding characters, as
shown in Figure 3.

The pluggable connection panel pro-
vides considerable flexibility in the loca-
tion of the printing from any one of the
columns. An additional feature is a
receptacle for a fixed card which may be
plugged in to print the name of a city or
state, or any other information common
to a large number of cards.

The entire 4-line address is punched in
one card, or this may be divided so that
the first three lines of the address are
carried on the address card, and all or
part of the fourth line on the fized card,
and so forth. )

Checking circuits are incorporated so
that if a signal is lost in the machine,
through the malfunctioning of a tube or
other component, an error signal will be
generated which will light a lamp and
shut down the machine. Further, instead
of printing an incorrect letter or number
at this point, an unmistakable mark will
be made on the tape to indicate the loca-
tion of the error.

Printer

The printer unit, shown in Figure 4,
consists basically of the multiple-vibrator
and printing-styli assemblies, shown in
Figure 5, the paper and carbon paper
feeds, with associated supply and take-up
reels, mechanically coupled to the special
card feed and card reader.

The whole unit is driven by a master
variable-speed drive. The card feed is
directly coupled to the drive, but the
printer section is driven through a
Warner magnetic clutch brake, which is
engaged after the first card is in position
and disengaged when the last card runs
out, or when the cards are lifted to stop
feeding the cards, in order to print dick
strip with no blanks.

Thompson, Hunt, Jr—Eastman Kodak Muliiple-Stylus Electronic Printer
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Additional features are the individual
take-up torque motors for paper and car-
bon paper, flying punch for piercing holes
in the paper between address labels,
drying lamps for setting the carbon print,
and suction for disposing of paper punch-
ings made by the flying punch. The
speed can be varied within reasonable
limits by adjusting the master speed
ranger. Relays and controls for the
printer are mounted underneath, inside
the cabinet.

The printing is done by a single row of
seven styli, which are actuated by the
polarized multiple-vibrators, as shown in
Figures 5 and 6. There is one vibrator
for each stylus, seven styli for each line,
and the multiple-vibrator is assembled
as a single unit, with one permanent mag-
net which furnishes the magnetic field
which passes through the air gaps of all
the vibrators in series. Thus, the perma-
nent field direction is the same on both
sides of the movable armature. Current
passing through the coil of a unit induces
a field which travels through the station-
ary core to the movable armature, then
through the air gaps, and back through
the laminations to the stationary core.

Figure 1 (above).
Designs for printed
characters

Figure 2 (right).
Printer unit and
clectronic unit

Thus, the field from the coil is in opposite
directions on each side of the movable
armature. On one side it will assist the
permanent magnet field, and on the other
side it will oppose it. This creates an
unbalance which will pull the armature to
one side. Reversal of current in the coil
will reverse its field, assisting the perma-
nent field on the opposite side, pulling the
armature in the opposite direction. The
individual vibrators for each stylus have
two adjustments. FEach individual blade
has adjusting screws, and the frame for
each unit of seven can be raised or
lowered as a group.

The punched cards are stacked in a
hopper, or feeder magazine, about 700
at a time. The card is fed positively,

PRINTERS

EASTMAN KODAK CO

CAMERA WORKS

333 STATE ST

ROCHESTER 4 NY

sideways, by two mechanical pushers,
from the bottom of the stack in the feeder
magazine, into the cross feed, where the
card is fed endwise by a mechanical
pusher to engage rollers which pass the
card through the 24-photoelectric-tube
reading section, consisting of four reading
stations of six photoelectric tubes each.
A 50-candlepower auto lamp provides
light to pass through the holes in the
card to energize the photoelectric tubes, to
produce electric-code signals for the holes
punched in the cards. The columns are
sensed sequentially.

A toothed wheel is driven in front of an
additional photoelectric tube to supply
timing pulses for each card column.
Another toothed wheel is mounted on the
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Figure 4. Printer close-up

printer and is driven by it, to supply
pulses for printing.

A feature of this system is the fixed-
card reader, a stationary umit entirely
separate from the card feed itself, in
which the fixed card for the city and state
for a given group of cards is placed,
manually. This fixed card for the city
and state remains in the fixed-card reader
for printing the fourth line of the address
during the time that all the cards in that
area are read.

Pins, actuated by springs, pass through
the holes in the city and state section of
the card, for the fourth line, and these
signals from the fixed card are correlated
with the signals from the automatically
fed 3-line address cards for the first three
lines of the address, to print the entire 4-
line address.

Electronic Unit

The electronic unit, shown in Figure 7,
is contained in a separate cabinet, and
initiates and controls all printing opera-
tions. All signal switching in the unit is
done electronically, relays being used only
for power supply switching, interlocking,
and motor starting. A great deal of
flexibility is incorporated by means of a
plug panel, which allows the printing
position of any card column to be shifted
at will.

Each of the four reading stations
located on the card feeder sends out a
group of from none to three signals from
its six photoelectric tubes as each column
of card passes. A toothed wheel, rotating
in synchronism with the card feed, sends
out pulses by means of a photoelectric
tube and light source,each pulse coinciding
with the reading of a card column. The
card signals are amplified and gated with
the toothed-wheel pulse signal, assuring
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Figure 5. Vibrator assemblies

exact synchronism. The card signal
pulses go to four rows of sockets, one for
each reading station, located on the plug
panel. An electronic ring circuit is
stepped along by the toothed-wheel pulse,
in synchronism with the card reading, and
suggestive pulses are sent to the four rows
of sockets. A series of plugs on the panel
are wired to a group of memory units, one
unit for each possible letter in an address
label, or 96 in all. Each memory unit
consists of seven magnetic memories,
each capable of storing a single signal.
Each memory unit plug can be inserted
into a socket corresponding to the card
column desired printed in that position,
so that when a group of pulses is received
from a card column, the memory unit
whose plug is connected to the socket
pulsed by the ring circuit at that moment
is activated. Six of the memory unit’s
magnetic memories are used for this.
The seventh is activated by an auxiliary
device which gives out a pulse only if the
card signal has an even number of pulses.
The result of this is that the signal con-
tent of each memory always consists of
an odd number of pulses. This fact is
used later to determine whether any
signals have been lost.

Another toothed wheel run by the
printer unit generates a series of pulses at
the rate of seven for each character to be
printed. An electronic ring of seven tubes
is driven by these pulses and each seventh
pulse advances another electronic chain,
whose pulses are applied to read out the
memory units in groups of four, one for
each line. As each memory unitis read
out, its signals go to one of the four print-
ing-line units where they are applied to a
group of six trigger tubes or flip-flops, set-
ting a corresponding trigger for each
signal present. These are connected into
a germanium crystal diode decoding ma-

trix in such manner that for each com-
bination of signals, one and only one of the
output lines corresponding to an alpha-
betic or numerical character is energized.
Each output line is buffered by a cathode
follower and is connected by crystal di-
odes into a 5-by-7 matrix of 35 gates or
switches in the pattern of its character,
as shown in Figure 8. When an output is
energized, switches are open in this pat-
tern. Five of the seven pulses which oc-
cur between reading of memory units are
used to send a pulse into each column of
seven switches in turn. A vibrator ampli-
fier is connected to each row of five
switches. Thus, as each column is pulsed,
a signal is sent to an amplifier only if its
switch in that column has been energized
by the character signal. Each amplifier is
connected to a vibrator, pulling it down
when there is a signal, pulling it up when
there is no signal. The paper tape is

Figure 6. _ Vibrator diagram
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Figure 7. Electronic unit

moved one dot space as each column is
pulsed, and the character is built up in 5
pulses. The fifth pulse resets the trigger
tubes in preparation for the next charac-
ter. All four line units operate simultane-
ously and each prints one line of the ad-
dress.

At the decoding matrix, comparison is
made to see if the total number of signals
for a character is odd or even. If it is
even, a signal must have been lost and an
incorrect character could have been
printed. The comparison circuit detects
this and causes a black mark to be printed
in place of the wrong character, at the
same time lighting a warning light and
shutting down the machine.

An additional feature is provided, con-
sisting of three memory units into which
can be read any three columns of the card.
These are plugged into three letters of a
city name or three numbers of a city
code. Aslong as all cards have the same
city name or code, nothing happens, but
when the end of a city group is reached
and the name or code changes, a signal is
sent to the printer which prints a black
mark at the end of the label. This
enables labels from omne city to be easily
located.

It is frequently desirable to use a fixed
card which has information common to a
large group of cards, such as city and
state names, dates, and so forth. A fixed-
card station is provided which can be
plugged in to print at any place in the
address in the same manner as signals
from the cord feed. The card can carry
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up to 24 characters, extending the ca-
pacity of address cards, while eliminat-
ing repetitious punching.

The main power supply for the printing
is housed in the machine cabinet and
furnishes 365 volts d-c at 6 amperes.
Others mounted in the electronic cabinet
furnish regulated supplies of 265 volts
at 2 amperes, 150 volts at 1.8 amperes,
50 volts at 500 milliamperes, and —150
volts at 500 milliamperes. A separate
floating supply for trigger circuits de-
livers +150 volts, —100, —175, —250
volts. Also, 6.3 volts a-c at 360 amperes
is furnished to filaments, and 110 volts
a-c to control relays. Power input is 30
amperes at 230 volts, 60 cycles, single
phase. If a defective coil or other unit
causes the main d-c supply to draw more
than 6 amperes, the main circuit breaker
will open, shutting down the machine.
An overload of more than 30 amperes on
the a-c line will also open the circuit
breaker. Fuses are provided for other
power supplies.

Operation

The main circuit breaker switch, the
start button for the electronic unit, and
the two indicator lights for the electronic
unit are mounted on one end of the elec-
tronic unit cabinet. The main circuit
breaker switch controls all the power for
both the electronic unit and the printer.
When this switch is on, power is con-
nected to all control circuits but nothing
is energized until the control buttons are
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Figure 8. Electronic matrix

pushed.

The electronic unit is activated by
pushing its start button. This turns on
the filament power and lights one indica-
tor light. After a few seconds’ delay, the
main power is turned on, lighting the
other indicator light. The electronic unit
and the printer are now ready to operate.

Operation of the printer is controlled
by a start button which is duplicated on
both sides of the printer. With cards in
the hopper, pressing this button first
starts the motor. As the motor comes up
to speed, the card lifter drops, allowing
the cards to feed. When a card is part
way through the reading station, a signal
is received from the electronic unit that
engages the magnetic clutch, which starts
the printer. The starting of the printer
starts the read-out of the memory and
printing begins.

A stop button is located on each side
of the printer. When either stop button
is pressed, the card lifter lifts the cards,
preventing any more cards from feeding.
‘When the last-card in process has been
printed, the clutch is de-energized, and
the brake is applied, stopping the printer
at the end of the label. After a few
seconds, the motor will stop.

The printer will stop automatically, as
if one of the stop buttons had been
pressed, under any of the following con-
ditions:

Hopper runs out of cards.
Receiving hopper is full of cards.
Paper, or carbon paper, breaks.

Cards jam.

vk W

Signal missing in memory.
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6. Second card reads into memory when
first has not been read out.

The FEastman Kodak Company has
built a similar printer with the card feed
and reading station reading four groups
of holes in the card simultaneously, and
printing the corresponding characters

continuously as read. The signals from
the card go directly to the flip-flops, then
are decoded and energize the matrix in
the same manner as in the foregoing
description, but without the use of any
memory. The entire 4-line address can
be carried in a single card with the card

punched for this purpose. The 4-line
dick strip printer at this conference is so
built, except that instead of reading holes
in cards, we read holes in program disks
by means of photoelectric tubes to obtain
our signals. This is a demonstration set-
up to be replaced later by a card feed.

Discussion

A. Hyman (Anderson Nichols Company):
What advantages are there to the electronic
printer as compared to the strip printer
which is being used by Life and Time maga-
zines?

Mr. Thompson: I hope nothing we have
said has left the impression that our matrix,
or multiple-stylus printer, supersedes the
photoelectric printer that we developed and
made for printing address labels. The ma-

chine, which scans addresses photoelec-
trically and prints them, has been very suc-
cessful. We built 26 of them for T'ime, and
the machines have printed the labels for all
the mailed copies of T%me and Life for the
past 4 years. They operate a minimum of
5,000,000 labels a week, and run 16 hours a
day, which gives them an equivalent life of
8 years. They are good machines and they
have a definite field.

The multiple-stylus printer described
covers a somewhat different field. Instead
of printing from the photoelectric impulses,

it prints from a signal that is received from
the hole in the card. It is not necessary to
print the address on the card; you simply
punch the address in the card and print
from that.

The multiple-stylus printer is a more ex-
pensive and much faster machine. The
ratio of speed is about 6 to 1. The photo-
electric machine, installed for T¥me and Life
magazines and licensed to Addressograph,
will print 120 labels per minute; our multi-
ple-stylus printer will print six times that
number.

Garment Tag Equipment

ORVILLE G. HESSLER

N ANY operation where there is suf-
ficlent volume, and where transac-
tions are recorded manually for purposes
of controlling inventory and for providing
management with reports, there is likely
to be a clerical problem. This clerical
problem manifests itself in several ways.
First, the time taken to compile the in-
formation needed for controlling inven-
tory becomes excessive, with the result
that actual control is less effective as the
volume of transactions increases. Sec-
ondly, management reports are delayed,
so that situations in need of management
action can become critical. Third, er-
rors tend to occur more frequently with
the increased volume of work, the in-
creased pressure, and the greater number
of new people.

As a way out of such bottlenecks,
business, industry, and government agen-
cies have turned to the punched card
systems of International Business Ma-
chines Corporation and Remington Rand.
Proper application of the punched card
solves the problem by economies in time
and personnel, and by being more accu-
rate.
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Large retailers run into this oper-
ating problem over and over again.
The volume of units is extreme, and the
need for proper control of inventory is
vital. Reports to management are nu-
merous. There are many fields within
an organization in which a remedy may
be needed and, of course, many factors
must be considered before choosing an
operation that is particularly troublesome
from a clerical standpoint.

In looking for a solution to these prob-
lems, it was decided to apply mechanized
inventory control to a line of merchandise
that is bought at and distributed from a
central location. One reason for this is
to avoid having the required equipment
duplicated in each retail store. Another
reason is a fundamental of the punched
card system: to start as far back in the
operation as possible.

Inventory control by punched cards
has not been readily adaptable to many
lines of merchandise, and their use is es-
pecially difficult in the retail end of the
business. Here, merchandise is on the
display floor or on counters or racks.
Since the punched card system starts to

function at the time of a sale, it becomes
obvious that the regular-sized card (about
3 by 7 inches) cannotbe attached to many
items, especially small ones, because of
the relative importance thus assumed by
the card. For some merchandise it would
be a matter of attaching the item to the
card, rather than the card to the item.
For a merchandising reason, then, it is
not desirable to attach astandard punched
card to an item. One alternative is to
use one card for each group of identical
items on display. But there is the ob-
vious objection of not being able to serve
several customers ‘in parallel’ if the cus-
tomers each decide to pick up identical
items and carry them to the salesperson.
The punched card remains with the mer-
chandise on display, and would have to be
obtained by the clerk, who would also
have to replace it. This procedure is not
realistic, besides requiring that the card
be ‘read’ at the time of the transaction.
Many kinds of merchandise are in need
of better inventory control, so the prob-
lem is a broad one. On the other hand,
it is wiser to make changes on a limited
basis, prove them out, and then extend

OrviLLE G. HessLErR is with Sears, Roebuck &
Company, Research Division, Chicago, Ill.

The garment tag marker was a joint development
of the A. Kimball Company, New York, N. Y.,
and the Karl J. Braun Engineering Company,
Inc., Stamford, Conn. The photoelectric tag
reader was developed by the Potter Instrument
Company, Inc., Great Neck, N. Y.
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Figure 1.

the revised system. Garments were in
need of inventory control, and represented
an operation more or less isolated from
other lines of merchandise.

Because of the isolation of the garment
merchandising activity, it was relatively
simple to find a way to put the operation
on a punched card system. The main
objection was the size of the cards when
serving as price tags. It seemed essen-
tial to develop a smaller tag if mechaniza-
tion were to be realized. The require-
ments for a garment tag to fit into the
desired system were many:

1. Small size.

2. Two-piece design, to be separated at the
time of sale.

3. String for attachment to garment.

4. Provision for a maximum of 29 charac-
ters, printed and in code.

5. Provision for at least three price changes,
printed and in code.

6. Material to withstand normal handling.

There being nothing like this avail-
able, it was decided to sponsor the de-
velopment of appropriate equipment for
marking and punching the tags, and for
reading them and converting the infor-
mation back onto standard-sized punched
cards. The latter would undergo the
necessary sorting and other operations to
produce statistics for reports to manage-
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Two-piece garment tag, actual size 2!/, by 27/; inches

ment. The work rate of the output
equipment was to be similar to that of
comparable standard punched card equip-
ment. ,

There were the usual trials and tribula-
tions in developing the two machines,
which we now call the tag marker and the
tag reader. The tag underwent changes
in size, coding, and layout, but eventually
emerged as shown in Figure 1. Here
can be seen the two fields for descriptive
information and, at the bottom of the
tag, the price. The coding used is 1-2-4-
7. There are two fields of 12 characters
each. Any given numeral or letter is in-
dicated by the arrangement of holes in
each vertical column. The top line of
printing corresponds to the upper field,
the lower line to the lower field.

The three large holes are located with
the top and side edges of the tag as a ref-
erence with a tolerance of 0.015 inch.
The fields of holes for information and
price are located with reference to the
three large holes, the tolerance being
0.002 inch.

Note the string used to attach the tag
to the garment. This was bothersome
during the development period, but the
marker is now able to handle stringed tags
without trouble.

The tag as shown measures 2!/, by
27/3 inches,  Each section contains the

Figure 2.

The garment tag marking machine

same information as would a standard
punched card, yet it is less than one-sixth
the size.

The machine that makes these tags is
shown in Figure 2. The feed is from
right to left. The dials at the upper right
of the panel are set to the number of tags
wanted. Descriptive information and
price are selected by the slide levers.
Figure 3, the interior view, shows the
rack-and-pinion arrangement actuated
by the levers on the panel. As the type
wheels are set, the motion is transferred
laterally to the bars opposite, which are
set up according to the coding to select
the proper hole punches.

There are several stages of operation
before the tag emerges both punched and
printed:

1. Punching both fields of description plus
three reference holes.

2. Advancing and punching price field.
3. Printing price.
4. Printing description.

In certain cases it is desirable to use
letters rather than numbers, so certain of
the print wheels have letters in place of
numbers. This can be handled simply by
assigning letters to the code instead of
numerals for whichever print wheels or
columns are involved.

The holes that make up the fields of
coding are 0.040 inch in diameter. If all
the possible holes were punched in the
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Figure 5.

Figure 3. The garment tag marking machinz, interior view

two description fields, there would be 96
of them, in an area of less then 1/2 square
inch.

The tag marker is designed to make 2-,
3-, or 4-piece tags, and will stop when the
preset quantity is reached. It will also
stop automatically if blank tags are no
longer being fed into it. Pilot models
will mark over 250,000 2-piece tags before
the punches and die plates have to be
serviced. Improvements are expected
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to double or triple this figure.

After the tags are punched and printed,
they are attached to dresses, housecoats,
or other garments. When a shipment is
made to a retail store, the garments can
go directly to the floor for sale. To sim-
plify this activity, more short cuts are
possible. The color of the tag is useful in
identifying the department, the price
range, or the style.

Because it is not uncommon to reduce

Figure 4.
ment tag reader with

card equipment

The gar-

associated punched

The garment teg reader, interior view

prices for special promotional events, there
must be provision for making changes in
the tag while it is on the garment.
A hand operated marker has been devel-
oped which will punch and print the new
price, and cut off the old price informa-
tion. The tolerance of two mils with ref-
erence to the three large holes is main-
tained.

When the sale is made, the left-hand
portion of the tag is detached. Up to
this time the garment tag has no signifi-
cant advantage over the usual tag. How-
ever, its potential advantage is great, be-
cause it contains all the information
needed to produce statistics. Assuming
that human error has not entered the pic-
ture, it is possible to take inventory while
sitting at a desk, just sorting and counting
cards, instead of taking a physical count
on the sales floor. But even that can be
improved upon, by using the tag reader.
This can be done within a large depart-
ment store, although the operation most
familiar to the writer takes place at a
central depot which purchases the gar-
ments in volume and serves as a source of
supply to a chain of retail stores.

Figure 4 shows the tag reader, which is
pictured again in Figure 5 but with the
cover panels removed. In the left-hand
section are the power supplies, on the two
lower shelves. Included are 70-volt,
125-volt, and 500-volt supplies, a half-
wave 2,000-volt supply, and two low-
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voltage bias supplies. The 70-volt sup-
ply is used for the phototubes and is both
regulated and adjustable. All power sup-
plies are fused, and time delays are used
in the primary circuits to delay applica-
tion of high voltage until the filaments of
all tubes are up to operating temperature.
On the far side, visible below the control
panel, are mounted relays and strips of
electronic circuits. Above the control
panel is a blower, and to the right, a
slanted mosaic of phototubes, which re-
ceive light from the mirror at the lower
right. The feed system for the garment
tags is at the upper right. A multicon-
ductor cable connects the reader to a re-
producing punch which punches stand-
ard-sized cards for subsequent processing
in business machines.

The tags are loaded into a vertical hop-
per, and are picked off the bottom of the
stack one at a time. The feed mechanism
slides the tag horizontally into position
for reading, which is done photoelectri-
cally.

Above the reading position is a lens
system and a gas-type photoflash tube.
The function here is to enlarge the image
of the holes. Since the ‘throw’ is ap-
preciable, the light path is folded by using

the mirror, which reflects the images of
the holes onto the mosaic of phototubes.
Timing of the flash tube is controlled by
photoelectric sensing of the proper posi-
tion of the tag.

When the flash occurs, light passes
through the lens system and through the
holes in the garment tag. Wherever
there is a small hole, the corresponding
phototube fires a thyratron which has a
relay in its plate circuit. This is a paral-
lel operation, all holes being read at the
same time, rather than by scanning. The
relay, which has multiple double-throw
contacts, is de-energized when the thyra-
tron extinguishes, and is ready for the
next tag. The rate is 100 tags per min-
ute.

When the last tag has been read, the
reproducing punch is automatically
stopped. This is handled by an extra set
of contacts on each of the four relays in
the circuits which sense holes for a single
digit. These contacts are in parallel with
each other. Not more than two relays
are energized at the same time while
reading, but when no tag is in the reading
position, all phototubes are activated, re-
sulting in all four relays opening the cir-
cuit to the punch. Consequently, there

is an automatic stopping of the reader
feed mechanism and of the reproducing
punch.

In describing the tag marker it was
mentioned that a 1-2-4-7 code was used.
The reason for this choice should be ex-
plained. The usual binary coding of 1-2-
4-8 requires a combination of as many as
three of those digits to equal all decimal
digits zero to 9. With the coding 1-2-4-7
any digit from zero to 9 can be represented
by combination of not more than two of
the code numbers. The adding of two
numbers by use of relays is somewhat
more readily accomplished and less ex-
pensive than the adding of three num-
bers, and the marker has to punch no
more than two holes per digit.

Including the provision of circuits for
reading three possible price changes, the
price circuits include 96 sets of photo-
tubes, thyratrons, and relays, and the de-
scription fields 96 more, a total of 192 sets.
Additional tubes and relays are used in
control and indicating circuits. Neon
indicators are located appropriately to
show visually that the sensing circuits are
operating properly, and to show which of
the various sections of the reader are
ready to start operations.

Discussion

A. Shostak (Office of Naval Research):
It is perfectly clear that this kind of an in-
ventory system could be applied to the dis-
tribution of Government Issue equipment
on ships and in other Navy applications.
In particular, I should like to know about
the difficulty with the strings. Also, I am
curious to learn how to keep the vertical
hopper feed from jamming when a bunch of
tickets are in it at one time.

Mr. Hessler: The strings at one time
caused trouble by dragging along the mech-
anism, but it is possible to use strips of
folded tags without having the strings catch
in any part of the mechanism. There are
slide guides which permit it to pass through
without hooking over anything.

We have had troubles with the feed mech-
anism. The return of the tags from the
stores involves education on the part of
the stores to keep the tags in fairly good
shape. The edges of the tags are not
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involved in the reading, since the picking
off is from the bottom of the stack directly
from the edge of a well-protected hole.
There is also a vacuum system involved.

L. W. Brehm (International Business
Machines Corporation): Since the holes for
code sensing are quite small in diameter, do
you experience any difficulty as to garment
fuzz, dirt, or grease getting in the holes and
mutilating the sensing feature?

Mr. Hessler: The difficulty was not in
fuzz from garments, dirt, grease, or any-
thing like that, but in fuzz from die and
punch wear. The tags now being used give
us, about 0.05 per cent error, the last figure
on a 10,000 random run.

S. L. Pollack (National Bureau of Stand-
ards): How does bending of the tag affect
the subsequent reading of the tags?

Mr. Hessler: The tag could be bent and
folded in such a way that it would not pass
through the feed mechanism, but most of the
cards are small enough so that when they
are transmitted through the mails or by

other means to the reader location, there is
little, if any, bending, and it is usual for
the operator of the reader to flex the cards in
this fashion and set them so that they will
not be bent in any particularly troublesome
way. If they are bent, the load on the
feed mechanism, and the vacuum attach-
ment for pulling the card through, straight-
ens them out. The picker will operate suc-
cessfully even on tags which have been de-
formed.

R. E. Briesemeister (Consolidated Edi-
son Company of New York, Inc.): Would
you describe the portable punch in more
detail?

Mr. Hessler: I can to a limited extent,
yes. Itismuch like the punch that is used
by a notary public, except that it has about
twice as much print on it. It has a wheel
which has pins set for marking the price on
it. There is also a print wheel. As the
print punch is closed, perforations are
made, the printing is done, and the old
section of the tag is cut off.

125



The |nput-Output System of the Ferranti
Universal Digital Computer

D. J. P. BYRD

HEN Ferranti Limited started to

build an engineered computer, it
was decided to use tape for input-output
but to develop improved methods of
processing. Efforts were first’ concen-
trated on the input system as it was felt
that this was the more amenable of the
two and more likely to show considerable
improvement. The new reader, together
with a modified punch and teleprinter,
was installed with the present computer
at Manchester University, and has
operated successfully for 18 months.

Attention was now turned to a faster
tape punch, and at the same time work
was commenced on an alternative system
of input-output involving a high-speed
parallel printer and punched card ma-
chinery.

The computer now under construction
will incorporate the advantages of tape
for a fast input system with those of a
high-speed printer for output.

The Tape Reader

The Ferranti high-speed tape reader
has been designed for use in the input
systems of digital computers and other
similar electronic equipment. Thereader
will accommodate either 5- or 7-unit
teleprinter tape and the tape is read by
means of a photoelectric system. A tape
feed mechanism has been developed that
is capable of driving the tape at a speed
of 200 characters per second and that can
stop the tape within 0.03 inch of the point
at which braking commences.

Because the reader is designed for use
in an electronic system, the associated
control circuits are extremely simple, and
this enables a high degree of reliability to
be obtained. See Figure 1.

THE OPTICAL PROJECTION SYSTEM

A single prefocused lamp having a
straight coiled filament, rated at 12 volts
36 watts, provides the source of light for
reading the tape. The lamp is mounted
so that the length of the filament, 0.2
inch long, is parallel to the length of the
tape and is approximately 1 inch above
it. Immediately below the tape is a
masking plate. This plate contains eight
holes each 0.07 inch in diameter; seven
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of these holes are arranged to coincide
with the possible holes of a character and
the eighth hole coincides with the small
sprocket hole in the tape.

The light from the lamp passes through
the holes in the tape and masking plate
on to eight phototubes mounted 0.9 inch
apart on an arc 9 inches below the lamp.
This system is based on the ‘pinhole pro-
jection’ principle; each hole in the tape
produces a magnified image of the cylin-
drical filament. Because the diameter of
the filament is less than the space between
the holes in the tape, the individual images
are projected without any overlap of light
on to adjacent photo tubes.

The phototubes, Mullard-type 9047V,
have a photosensitive cathode of ap-
proximately 4 square centimeters coated

on to the inside of the glass envelope; -

this tube is a hard vacuum type which
has a sensitivity of 45 microamperes per
lumen.

THE PHOTOELECTRIC CELL AMPLIFIERS

Mounted on the same chassis as the
phototubes are the voltage amplifiers.
Each phototube has a load resistance of
10 megohms, and the voltage developed
across this load is applied directly to the
grid of one-half of a type 12477 double
triode, the cathode of which is connected
toa —150-volt supply. The anode of the
triode is connected to a 4-150-volt supply
through a 220,000-ohm anode load, and
the particular digit output voltage is
taken directly from the anode.

The initial bias applied to the control
grid is chosen so that for blank tape the
output potential is more than 25 volts
negative with respect to ground, and when
a hole is present in the tape the output
potential is positive.

Tae TarPE FEED MECHANISM

Instead of the movement of the tape
being controlled by the rotation of a
sprocket wheel a new tape feed mechanism
has been developed that is more suited
to the higher tape speed required by elec-
tronic computing machines. A friction
drive between the tape and the feed
mechanism is used; this is desirable so as
to reduce to a minimum the deterioration
of the tape. The friction drive is also

advantageous, in that if the tape is twist-
ed or otherwise prevented from passing
through the reader in the correct manner
it will slip in the mechanism without
being torn. Tests have shown thata tape
can be passed 10,000 times through the
reader without appreciable wear. Splic-
ing of the tape is not critical, and the two
sets of perforations need not coincide as
would be necessary if a sprocket drive
were used. If the joint is made so that
the sprocket holes overlap each other and
therefore light is unable to pass through
that portion of the tape, then, due to the
method of control used, this portion of
tape will pass nonstop through the reader
without being read.

The tape feed mechanism consists of a
differential gear together with two elec-
tromagnetically operated brakes. The
differential input shaft is continuously
rotated by an induction motor; one of the
differential output shafts carries a brake
drum, while the other output shaft carries
both a brake drum and the tape-driving
drum. If either one of the output shafts
is held stationary, the other output shaft
will rotate with a velocity of twice the
input shaft velocity. The two independ-
ent electromagnetic brakes are controlled
by the opposite phases of a 2-state trig-
gered circuit, or staticisor, the condition
of which will decide whether the tape-
driving drum will be made to rotate or be
held stationary.

All those parts of the feed mechanism
that are subjected to the intermittent
motion are constructed so that they have
the minimum rotational inertia consistent
with ease of manufacture. Figure 2
shows the construction adopted. The
driving and braking drums take the form
of hollow cylinders supported on outer
races of the bearings, and the inside races
are fitted on to a stationary shaft, this
shaft providing a common support for
both drum assemblies and the differential
input gear wheel.

THE ELECTROMAGNETIC BRAKES

The brakes are constructed as shown
in Figure 3. Each brake assembly
consists of two individual units mounted
on opposite sides of the brake drum.
This twin arrangement allows the two
braking forces to counterbalance each
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other and therefore produce no bending

loads in the main shaft. Slight varia-
tions in concentricity of the brake drum
surface will produce a variable magnetic
air gap which in turn affects the braking
force. With the twin electromagnet an
increase of the air gap at one magnet is
compensated by a reduction of the air gap
at the other magnet. The total braking
force therefore does not depend on the
rotational position of the drum.

The brake shoes are made from a resin-
bonded fabric. This material was chosen
because of its hard-wearing properties
and the ease with which a suitable light
shoe can be manufactured. A light
spring retains the armature in close prox-
imity to the laminated core of tlie electro-
magnet and the brake shoe is therefore
always in contact with the brake drum.
The braking torque due to the spring is
negligible. When the electromagnet is
energized, the greater part of the force
produced is utilized in compressing the
brake shoe against the drum instead of
having to expend energy in moving the
armature; in addition, owing to the
negligible movement required of the
armature, the air gap between the arma-
ture and the electromagnet core can be
adjusted to a minimum, thereby ensuring
a high gap of flux.

Each coil has an inductance of 2 henrys
and a resistance of 80 ohms. A current
of 60 microamperes is required through
the winding to provide the correct braking
force; it is essential that the build-up
of this current shall be as rapid as possible.
To attain this condition, a large voltage
must be applied across the coil initially
and this voltage should then be allowed
to decay until the correct value of working
current is reached. By operating the
electromagnet from a 300-volt supply in
conjunction with the circuit of Figure 4,
a current rise time of 0.5 milliseconds is
obtained.

Figure 1 (left).
The high-speed
tape reader

Mark Il

Figure 2 (right).
The tape feed
mechanism

LocarioN oF THE TAPE

Because a friction tape drive is used,
it is necessary to provide a means of
monitoring the position of the tape rela-
tive to the holes in the masking plate,
so that an indication is given when the
required character is in the correct posi-
tion for reading, and also to determine the
instant at which the brakes should be
applied if it is required to stop the tape.
Accurate location of the tape is obtained
by allowing the tape sprocket holes to
control the amount of illumination re-
ceived by an additional phototube.
This tube is referred to as the location
phototube.

The amplitude of the phototube out-
put voltage, together with the direction
of voltage change, defines the position
of the character relative to the holes in
tbe masking plate. By applying this
voltage to a squaring circuit, a negative
transition is produced the instant the
tape enters the reading position, and this
output wave form is used to initiate the
change over of the electromagnetic brakes
to stop the tape. This negative voltage
persists as long as the tape remains within
the limits of the reading position, but as
soon as the tape passes beyond this limit
a quick return to the zero voltage level is
produced. A negative output voltage

RETAINING SPRING

ARMAT\URE \?

X

BRAKE SHOE

ARMATURE PIVOT

%]

BRAKE DRUM ELECTROMAGNET

Figure 3. Amangement of the electromag-
netic brakes
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therefore indicates that the character can

be read.

During the zero voltage period, that is,
while the tape is moving from one charac-
ter to the next, an internal gate causes
all of the 7-digit output voltages to fall
to their negative level, thus preventing
any information, other than seven zeros,
from being read when a character is not
correctly located.

The squaring circuit is designed with a
predetermined difference in input switch-
ing levels. This is desirable so that any
random voltage variation superimposed
on the phototube output voltage cannot
cause multitransition of the squared
output voltage. Both the location squar-
ing circuit and the digit gates are mounted
on the same chassis as the phototubes.

Tue Inpur CONTROL SYSTEM

Figure 3 shows a block diagram of a
control system that can be used with this
tape reader.

In the input system of the Ferranti
universal digital computer, Mark I,
the five digits of a 5-unit teleprinter
character are serialized by means of 5-
time marking pulses and the digits are
then gated with an input wave form.
This input wave form is generated by the
presence of a special input code specified
by the program in use, and by a wave
form defining the appropriate time period
for the transfer of information into the
store. The input code is set up just
before the end of a computer cycle, the
commencement of the next cycle depend-
ing on the presence of a release signal.
Normally this signal is always present
but if the tape is not in the correct posi-
tion for reading when the input code is set,
then it is inhibited and the computer
remains quiescent.

When the tape is correctly located, the
inhibit is removed and the store input
wave form is generated. After passing
through the input gate the five bits of
information are stored in the selected line
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Figure 4. Circuit used for operating the
brakes

of the cathode-ray tube store. A 20-
digit number is assembled by taking four
characters and shifting the significance
of each character by an appropriate
amount. °

The input wave form, mentioned pre-
viously, is inverted and differentiated
before being applied to the right-hand in-
put of the staticisor, wire 4, Figure 5.
Therefore, on completion of reading, this
wire is activated and causes the triggered
circuit to be set so that the ‘tape drive’
electromagnet is energized. At the same
time wire E returns to the nonactivecondi-
tion so as to prevent the computer from
reading any further input information.

When the tape has moved forward so
that the next character enters the reading
position, the location output wave form
is actuated resetting the triggered circuit,
which energizes the ‘tape stop’ electro-
magnet and generates the reading signal.
If the computer is ready to accept the

CONTROL STATICISOR

TAPE B
LOCATION -'—ﬁ

NVERTER
SIGNAL o |t
TAPE DRIVE
ELECTROMAGNET
. 1 INPUT
TAPE STOP L
ELECTROMAGNET NAVEFORM
e
INI T
&) Fsional
PHOTO- TUBE - (%) @SWRE
outputs ——] INPUT
TIME_MARKING
PULSE

Figure 5. Logical diagram of the input
organization
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new character, the input wave form will
be produced and the tape will immediately
continue to move forward. If, on the
other hand, the computer does not require
a new input, the tape stop electromagnet
will remain energized and the movement
of the tape will be arrested while the
character is still located over the reading
station. The tape can remain in this
position indefinitely; as soon as the in-
formation is required, it can be read and
the tape will then move forward.

In the event of the tape overshooting
the limits of the reading station before the
character is read, as a result of faulty
adjustment of the tape reader, then the
loss of signal on wire B will inhibit the
reading signal and prevent erroneous read-
ing.

DEPENDABILITY

The mechanical construction of the tape
reader is relatively simple. Only two
adjustments are necessary; first, adjust-
ment of the air gap between the electro-
magnet cores and their armatures, and
second, adjustment of the position of the
projection lamp. Because tbe wear of
the moving parts is almost negligible,
very little mechanical maintenance is
required other than occasional lubrica-
tion. ‘

To prolong the life of the lamp, the
applied voltage is reduced to 10 volts in
place of the 12 volts for which the lamp
is rated, and the heat developed is dissi-
pated by a stream of air blown through
the lamp housing. The use of a prefo-
cused lamp reduces the necessity of realign-
ing the lamp position every time a lamp
is replaced, although an occasional lamp
may need a readjustment.

The phototubes are operated well
within the manufacturers’ ratings.

Output

A block diagram of the tape output
organization is shown in Figure 6. A
20-digit number is divided into four
characters each of five digits; the individ-
ual characters are fed to the output
staticisor where the five digits are stored
until they are either perforated on tele-
printer tape or printed on a roll of paper
by means of a teleprinter. Either one
or both of these output mechanisms can
be in use; the form of output required is
selected by a switch under the control of
the operator.

When the program specifies an output
instruction, a code is set up, the presence
of which will inhibit the progress of the
computer if the output mechanisms are
not ready to accept the newoutputcharac-
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Figure 6. Logical diagram of the tape out-
put organization

ter. As soon as the mechanisms have
completed their previous operation, a
signal is generated which will remove the
inhibit and allow the computer to pro-
ceed, a store transfer wave form is then
generated and this resets the 5-digit
output staticisor and allows the new
character to be set. The store transfer
wave form also sets the output control
staticisor and thereby initiates the opera-
tion of the selected output mechanism.
Completion of the output operation resets
the control circuit in readiness for the
next character.

THE TELEPRINTER

The teleprinter requires a serial input
current, and this current is provided by
the output from a multiple gate controlled
from a 3-stage binary counter. During
periods when the printer is not operating,
the counter chain remains in the zero
state. When an output instruction is
given, the output control staticisor opens
a gate to allow a train of pulses to trigger
the counter chain. The first count pro-
duces a current to release the clutch on the
printer, the next five counts sample the
outputs from the 5-digit store, and the
last two counts are inactive so as to allow
the mechanism time to set up the type in
readiness for printing. When the counter
reaches the initial state of zero, the output
control staticisor is reset and this closes
the trigger gate,

THE TAPE PuNcH

Various tape punches have been devei-
oped. The earliest mechanisms were
standard punches modified to the extent
of fitting individual electromagnets to
operate the digit selection mechanism.
The present tape punch has been specially
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Figure 7. The check circuit

designed for use on computers and other
similar  electronic equipments. Four
main factors have influenced the design:
the need for utmost reliability, a high
speed of output, simplicity of associated
electronic circuits, and the need for a
minimum amount of routine maintenance.

The tape used in this punch can be
either five or seven units wide. Two
tapes can be perforated simultaneously
at a rate of 50 characters per second.
To simplify the mechanical design, the
mechanism has been divided into two
parts: omne part comsists of the main
shaft together with the punch anvil and
eccentric, while the second part is associ-
ated with the storage and transfer of the
character and the tape feed. This sub-
division has been made so that the heavy
parts associated with the anvil can be
allowed to function continuously while
the intermittent motion is confined to
the relatively light transfer unit. Punch-
ing of the tape takes place only when the
transfer unit operates.

Each digit output controls the energiza-
tion of a separate electromagnet, and the
position of the armatures determines the
holes to be perforated. Because of the im-
portance of the correct functioning of
these magnets, a set of contacts is in-
corporated to determine that the arma-
tures are set correctly in relation to the
output of the store. Only when each
armature is displaying the correct me-
chanical setting is the clutch allowed to
operate.

When the clutch is released, it engages
with a single tooth mounted on the main
shaft. A single tooth is provided so that
angular synchronization is obtained be-
tween the main shaft, which carries the
anvil, and the code transfer mechanism,
which is driven through the clutch. The
clutch will complete one revolution before
it can be disengaged. Rotation of the

clutch causes the code transfer arm to
move towards the digit electromagnets
and thereby transfer the displayed infor-
mation ‘to a set of mechanical storage
arms. Continued movement of the trans-
fer arm brings the selected storage arms
into engagement with corresponding
interposer bars.

The selected interposers are then
pushed between the reciprocating anvil
and the punch rods, theforward movement
of the anvil is transmitted through the
selected interposers, and the tape is
punched. As soon as the punch anvil
has completed its maximum forward
movement, the interposers are withdrawn
to their nonpunching position. The last
60 degrees of rotation drives a Maltese
cross connected to the tape feed sprocket
wheel.

A tape punch of the type described
allows the optimum allocation of operat-
ing time for each individual part of the
mechanism consistent with a high over-
all speed. Because the code setting is
transferred from the electromagnets to
the mechanical storage arms at an early
stage of the punch cycle, the electro-
magnets are available for resetting to a
new code in time to release the clutch
before disengagement shall occur at the
end of the punch cycle. Therefore the
tape can be perforated continuously with-
out halting the mechanism.

TuHE CHECK CIRCUIT

A circuit has been developed to indi-
cate any discrepancies between the me-
chanical setting of an electromagnet or
other controlled mechanism and the elec-
trical potentials defining the condition
required. An example of the application
of this check is the positional monitoring
of the digit selection armatures on the
tape punch relative to the controlling
voltages on the output of the staticisor
store.

The circuit used for this check is shown
in Figure 7. Four resistors are connected
in series across theantiphase outputsof the
staticisor; the output from a staticisor
is either —50 volts or ground depending
onits condition. Therefore, for any given
digit, one end of the resistor chain will be
negative and the other end at ground
potential. Two contacts mounted on

AND

Figure 9. Tim-
ing diagram for
one point period
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Figure 8. The coding chart of the Bull
printer

either side of the armature are joined
to the intermediate tappings on the resis-
tor chain, and the armature carries a
contact connected to ground. When the
armature is correctly positioned, the
associated contact together with the
appropriate resistor junction are then
grounded. This makes the potential at
the center tap of the network zero. If
the armature fails to move to the correct
position, a negative voltage is produced
at the center tap.

The derived output voltage is fed to the
control grid of a pentode used for energiz-
ing the clutch electromagnet. The sup-
pressor grid is switched by a controlling
wave form. Only when the electro-
magnets are correctly set and the control
wave form is at ground potential can the
clutch be energized.

The High-Speed Printer

As tape equipment was developed, it
became obvious that there was a need for
a faster type of printer, for although the
tape had been used successfully on a
variety of programs including representa-
tive commercial problems, the limitation
in output printing speed of the teleprinter
was a serious drawback if this type of
computer was ever to be used outside a
university. The punched-card system
was chosen rather than an input-output
medium peculiar to computers, such as
film or magnetic tape, as it was thought
that many large firms already had con-
siderable capital and experience invested
in punched cards, and would therefore
favor a system using their existing equip-
ment. Also, when a printer is used, the

information is immediately visible with
no further processing.

When a high-speed output system was
considered for the Ferranti computers,

OPERATION OF SCANNING

MAGNETS
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it was decided not to shoulder the addi-
tional burden of making a new mechanical
print unit, but to use one of the existing
printers designed for use with a punched
card system. The decision was also made
to use a wheel or bar-type printer rather
than one using a field of wires, both be-
cause the type quality of the former was
better and because the wire-type printer
was available only in the United States.

At the time the system was being con-
sidered, one of the fastest machines being
produced was the printer made by the
Compagnie des Machines Bull, of Paris.
This machine was capable of a very high
standard of print, at a speed of 150 lines
per minute, each line containing up to
92 characters. This speed was felt to be
approaching the highest reliable speed
attainable by the conventional type of
printer and, because of this and other
attractive features, this machine was
chosen as the basis of our unit.

THE PRINTER MECHANISM

Each printing cycle of the machine is
divided into 15 ‘points.” The mnormal
speed of the machine is 150 cycles per
minute giving about 27 milliseconds per
point. The points are numbered 9, 8, 7,
6,5 4,3 21,0, 11, 12, 13, 14, and 15,
in that order, and the machine cycle
starts just before the 9 point. The last
printing operation occurs just before
point 15.

The print wheels are divided into nine
sectors, each sector having four zones.
Each zone contains a character, one of
the four characters in a segment being
numerical and the other three alphabetic.
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ARE UNDERLINED

The coding is shown in Figure 8. Thus,
on a print wheel, there are 36 character
positions which contain the numbers from
0 to 9, the alphabet, except O and I
which are common with 0 and 1, a deci-
mal point, and a mechanical zero. Spe-
cial wheels with different character config-
urations can be produced if required.

Each print wheel has an electromagnet
associated with it, and selection of both
sector and zone is controlled by the same
magnet. It is energized during points
9, 8, or 7, to select the zone, and during a
subsequent point to determine the sector.
Thus, to print a 3 the magnet would be
energized once only, during the 3 point;
but to print L it would be energized first
during the 8 point and again during the
1 point.

The fact that the same magnet is used
for both selections, thereby simplifying
the electronic switching, was one of the
factors determining the choice of this
printer for the output system.

The zone and sector selection is done
by two arms which engage in teeth on
two ratchet wheels. During points 9, 8,
and 7, only the zone arm can move, so
the differentiation between zone and
sector information is automatic. When
the ratchet wheels are stopped, this trans-
fers the drive to the print wheels, which
rise and at the same time move outward,
pressing the ribbon against the paper.
Thus the characters are printed with a
sharp rolling action.

The only two consecutive points which
would produce a character if both were
energized are 7 and 6, which produce H.
To prevent this being printed accidentally

due to overlong energization of the magnet
on point 7, a return bar is provided.
This bar starts to move about 10 milli-
seconds before the 6 point begins and
forcibly returns the magnets to the un-
energized position. The bar returns to its
original position at the beginning of
point 6.

THE BASIC SYSTEM

As with the other output devices
described, the main point in the specifica-
tion is that the computer should have to
pause for the shortest possible time in
order to output its information. Since
the printer uses its information at dif-
ferent times throughout its cycle, this
criterion involves some form of secondary
storage, either output staticisors or a
separate fast-access store. On the
grounds of economy, staticisors were
ruled out and a design was formulated
around a Williams tube store of the same
type as those used in the computer itself.
It was decided that this should be a
normal store when no output was taking
place, but should be divorced entirely
from the computer during anoutputcycle.

The information in the store is ar-
ranged to suit the Bull coding: that is, it
consists of a pair of 4- or 5-digit groups,
each group representing one point posi-
tion. During an output, the information
in the store is converted into fairly long
pulses with the right timing in the output
cycle, and these pulses are routed to the
correct magnet, the position of a charac-
ter in the line of print being determined
by the number of its line in the cathode-
ray tube store.

A separate control unit controls the
switching of the output, or 0 store, effects
the mechanical-electrical timing conver-
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sion, and provides the check or fail-warn-
ing facilities.

The output system may thus be split
into three parts: the store, the decoder
and distributor, and the control unit.

TiMING

Before discussing the printer in detail,
the timing sequence must be understood.
The points occur serially and during each
one the store must be scanned. Where
groups corresponding to the particular
point occur the correct interposer magnets
must be energized.

The magnet coils are such that they
require the voltage applied to them to
be maintained for at least 14 milliseconds
to ensure correct latching, so, as the points
are 27 milliseconds long, 13 milliseconds
remain for the scanning operation. How-
ever, as previously stated, there is a bar
which forcibly resets the magnets between
points 7 and 6 starting 10 milliseconds
before the 6 point, and thus all magnets
must have operated 10 milliseconds
before the end of a point. This leaves
only 3 milliseconds free at the beginning
of a point.

The normal time needed to scan a
cathode-ray tube store of 64 20-digit
lines is about 16 milliseconds (240 micro-
seconds per line), but as only ten digits
per line are used for output, the 0 store
can be scanned at twice the normal speed
during an output operation, all 64 lines
being read in just under 8 milliseconds.
This enables the whole store to be read
within the time available, Taking these
considerations into account, the timing
for the system is as follows:

The start of a scan period for a point
occurs 6 milliseconds before the end of
the previous point, and continues for 9
milliseconds, during which period all
necessary magnets will have been ener-
gized. A period of 14 milliseconds is
allowed to ensure that the mechanical
latches have operated, leaving 4 micro-
seconds before the next scan period
to allow for resetting of counters, and
so forth. The timing is shown diagram-
matically in Figure 9. If a magnet is
energized during the first 6 milliseconds
which are in the previous point, it will
still select the right character because of
the mechanical timing and the inertia
of the control linkage.

Reading occurs at every point from 9 to
11, and a flip-flop is set for this period,
which is the period of nonavailability of
the 0 store to the main machine, that is,
approximately 300 milliseconds.

The timing pulses from the printer are
obtained from a magnetic cam, which
emits three pulses per point at 3, 17,

and 21 milliseconds after the start. This
cam consists of a permanent magnet
fixed in the periphery of a tufnol wheel and
rotating past three pickup heads consist-
ing of small mumetal U laminations with
a coil wound on one arm. The wheel
accomplishes one revolution per point.

MACHINE ORGANIZATION
The Store Unit

The secondary storage for the output
unit is provided by a Williams-type fast-
access cathode-ray tube store, and it is
the capabilities of this type of storage
that make the extreme flexibility of the
output system possible.

When no ouput is taking place, the
store can be considered as a part of the
ordinary fast-access storage of the com-
puter. It is entirely under the control
of the computer, and access may be had
to any individual line by means of the
line address staticisors.

If it is desired to output any informa-
tion, it is placed in the correct position
in the O store, and this can be done in
several ways. In general the 0 store
will .be filled by the transfer of a half-
track from the large capacity magnetic
storage using the normal magnetic trans-
fer instruction, but the store may also be
filled line by line as the information is
computed, and this may be done direct
from other units in the machine, such as
the accumulator.

When the contents of one print line
have been assembled in the store the in-

Figure 11. View of the
print  wheels  showing
some raised after printing
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struction ‘print’ is given to the output
control circuits, and gates controlling the
input to the O store are closed.

After this instruction, until the store
has been printed out correctly it is isolated
from the computer, and the information
in it cannot be altered. Each line is
read and regenerated simultaneously,
the lines being scanned sequentially at
twice the normal speed under the control
of counters in the output control unit,
there being no necessity for separate
regeneration and reading periods, as
there is no need to specify individual lines.
If the computer attempts to use the 0
store during this period, it is prevented
from continuing its routine, and keeps
attempting to obey the same instruction
until the O store is free. This caters
for any mistake in the output system,
for if one occurs the store is kept isolated
as though a print were taking place, thus
preserving the information until it can
be printed correctly.

Control Unit

Under this heading are grouped the
start, fail, and check circuits, and the two
counters associated with the system.

The instruction to print operates a flip-
flop, PFI, which energizes the clutch
magnet on the printer, and is reset after
the last useful reading point, as shown in
Figure 10.

This flip-flop also sets OAWZF which
provides the wave form to isolate the O
store. OAWF is equivalent to PFI but
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is synchronized with the computer.

‘The double-speed scan is controlled by
PF2 which provides the bright-up pulse
for the line time base and, also, during
output, triggers the line address counter
which controls the Y time base. This
counter is LCI to LC6 and is normally

triggered by the same signal that controls .

the computer regeneration counter to
ensure that all lines are regenerated within
the correct period.

The other counter in the control unit
is the point counter PCI to PC4. This
is triggered by the pulse from the mag-
netic cam which occurs 10 milliseconds
before a point but, since it must only
count 15 to fit in with the point cycle, an
additional trigger is inserted during point
14. This counter is checked for synchro-
nism at three points in the cycle by con-
tacts on the printer which give signals at
points 4, 11, and 15. If the counter is out
of synchronism at these points, the flip-
flop SFI is set, which sounds an alarm and
keeps the O store isolated. The operator
can then come over to the machine, erase
the faulty line, and cause the same storeful
to be reprinted after having reset the
counter. Alternatively he can bring some
other output device into operation.

One of the other main flip-flops in
control is PF6. This causes the com-
puter to idle if either the O store or another
print cycle is called for while a print is
already in progress.

Decoder and Distributor Unit

This unit compares the machine point
position with the output from the 0 store
and routes the information to its correct
position in the print line.

The machine point position signal is
decoded from the point counter by means
of a set of gates and decoder trees. The
coding for this depends on the coding of
the computer with which the printer is
associated. The printer in use with the
Manchester University computer uses
the 2-out-of-5 code, to give some measure
of check on the cathode-ray tube store,
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since the accidental gain or loss of a digit
will produce nonsense.

The output from the Store consists of
two 5-digit groups in the 2-out-of-5
code, each group representing a point
position. For numerical printing, one
of the groups will contain nonsense, but
for alphabet both will be used. The
correct Bull coding is ‘contained in a
directory store in the computer, and the
information to be placed in the 0 store
may be obtained by reference to this direc-
tory.

The two signals are now examined for
equivalence over five digits. This is
done by examining each pair of digits
separately for nonequivalence. If non-
equivalence occurs, a flip-flop is set, and
the state of this is examined after each
group of five digits. If it has not been
set, then the two groups must have been
identical, and a further flip-flop is oper-
ated. This last may be set half way
through, or at the end of a 10-digit line,
so the information is shuffled on to the
beginning of the next store line and sets
a flip-flop for the duration of this line.
This shuffle entails setting the distributer
one line back.

The equivalence signal is now passed
through the distributor network, which is
controlled by decoder trees from the
line address counter, and is used to trig-
ger a flip-flop, which operates the power
valve energizing the correct interposer
coil. All these flip-flops are reset after
each point.

MECHANICAL CONSTRUCTION

The first model has been made in three
units; the print console, a circuitry pillar,
and the power supply. The print console,
besides housing the printer itself, contains
the power supply controls, the reset and
reprint buttons and the chassis for the
distributor and power valves. The
printer, its motor, and the gear train, are
mounted on a separate cradle in the con-
sole, which is rubber-mounted on the
main frame. The chassis in the console

are also antivibration mounted.

The pillar contains all the other cir-
cuitry associated with the printer, includ-
ing the store. In subsequent models this
will be included within the computer, and
the power supplies will be common.

The circuitry, except for the power
valves and the store, has been constructed
on flat chassis 2 feet by 1 foot, with pro-
vision for 24 valve bases of the miniature
7-pin or 9-pin types down the center.
The components are mounted flat on
tag strips down the sides of the chassis.
The power valves are on the same size
of chassis, but are mounted in four rows
of nine down the sides with their few
associated components in the center.
These chassis provide maximum accessi-
bility to both components and valve
bases, and are exceptionally easy to
service. At the moment, interconnec-
tions between chassis are provided by
Breeze terminal blocks for signal leads
and Breeze plugs for power.

There has been an attempt to standard-
ize the valve type in this equipment, and
the majority of valves used are 12477.
The power valves are Mullard EF 55,
and a few other types have been used in
the circuitry connected with the store.

SUMMARY OF MAIN CHARACTERISTICS

Maximum speed. . .150 lines per minute
Characters per line.64 spaced anywhere in 92

Type spacing. ... ..4 millimeters

Type height.......2.5 millimeters

Line spacing...... 2 millimeters

Carbon copies. . . .. original plus two copies

Provision for single, double, or treble spac-
ing, or the use of preprinted forms.
Computer time for output, 33 milliseconds

FUTURE PROJECTS

Work is being carried on in conjunction
with Powers-Samas Accounting Machines
Limited of England, on a system of input-
output, using punched cards. It is ex-
pected that reading and punching of cards
will be possible at speeds of the same order
as those of the present printer, or at
greater speeds.

Byrd, Welby—Input-Output System of the Ferranti Universal Digital Computer



A Numerically Controlled Milling
Machine

J. C. McDONOUGH

MILLING machine which is con-

trolled by numerical instructions is
now in operation at the Servomechanisms
Laboratory of the Massachusetts In-
stitute of Technology. Figure 1 shows
the entire system. The machine tool is
located at the right of the picture and the
control equipment is housed in the L-
shaped structure at the left. The con-
trols, which employ approximately 270
vacuum tubes, 170 telephone-type relays,
and 300 germanium diodes, have been
arranged on vertical panels for maximum
accessibility of all parts.

Operation

In the operation of any milling ma-
chine, the complete path of the tool over
the work must be controlled. In the
machine shown, the path of the tool is
controlled by instructions from punched
paper tape. New instructions are pro-
vided whenever the direction of the path
changes. Fach instruction will cause the
tool to move from one specified point on
the work to the next along a straight line,
and also will prescribe the time interval
which is to be consumed in executing that
straight line. The straight lines are
generated by a suitable combination of
the three orthogonal motions of the ma-
chine tool (the table, the head, and the
cross-slide), which form a Cartesian co-
ordinate system. Omne may then state
the input-output relationship of the sys-
tem as follows:

Input. Numerical specification of the %, ¥,
and z components of the motion which the
tool is to execute and the time interval re-
quired for that motion.

Output. Straight-line motion of the tool
from where previous instructions have
placed it to the newly specified point.

The flow of information through the
system is shown in Figure 2. The ma-
chine instructions are read from punched
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(038)-24007.

A. W. SUSSKIND

paper tape under supervision of the con-
trol circuits and routed via stepping
switches to the appropriate storage relays.
Storage is shown as divided into three as-
semblies, one collecting the instructions
for the table of the milling machine, one
the instructions for the head, and one the
instructions for the cross-slide. Each as-
sembly can store two commands, called
the 4 and B numbers. As the 4 number
controls the machine, the B number is
being read in from the tape so that when
the 4 number has been executed, the B
number is fully assembled in storage and
ready for use. Upon switching control
to the B number, the next instruction is
read in from the tape and stored in the
relays which had been cleared upon com-
pletion of the original 4 command. By
thus alternating between the two regis-
ters, continuous control of the machine is
achieved.

The next step in the flow of information
consists of generating a set of three pulse
trains, one for the control of the milling-
machine table motion, one for the control
of the head motion, and one for the con-
trol of the cross-slide motion. Each
pulse train consists of as many pulses as

Figure 1.
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are specified in the instructions and each
is distributed over the same interval of
time, also specified by the instructions.
These three pulse trains are generated by
the pulse generator and distributor shown
in the center of Figure 2.

Finally, the three pulse trains are trans-
lated into three machine motions. This
operation involves two steps. Step 1 is
carried out by the decoding servomech-
anisms which translate the pulse trains
into shaft rotations. Step 2 is carried out
by the power servomechanisms located
remotely at the machine tool proper, and
consists of transmitting the shaft rota-
tions and translating them into linear mo-
tions of the machine ways.

The units of greatest interest are the
pulse distributor and the decoding servo-
mechanisms. The remainder of the sys-
tem is sufficiently conventional to require
no further discussion.

Pulse Distributor

Consider first the single flip-flop shown
in Figure 3. The flip-flop is so connected
that it changes its state with every input
pulse. If the flip-flop is initially assumed
to be in the O state, then all the odd input
pulses cause the flip-flop to switch from 0
to 1, and all the even pulses cause it to
switch back from 1 to 0. By connecting
a differentiating circuit to each of the
tube plates, one output will give a posi-
tive pulse for the 0 to 1 transition, and
the other output will give a positive pulse
for the 1 to O transition. The pulse gen-
erated by a 0 to 1 change is called a non-

Numerically controlled milling machine
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carry pulse. Hence, a noncarry pulse is
generated for every odd input pulse, and
a carry pulse is generated for every even
input pulse.

Consider now a set of three flip-flops in
terconnected as shown in Figure 3, that
is, the carry pulses from each flip-flop are
connected to the input of the next flip-flop
and the noncarry pulses appear on the
vertical lines still not designated. If the
remarks made in connection with the top
flip-flop are now kept in mind, it is readily
verified that when eight pulses appear at
the input to the 3-stage counter, four
(1,3,5,7) appear at the noncarry output
of the first stage, two (2,6) appear at the
noncarry output of the second stage, and
one (4) appears at the noncarry output of
the third stage. The addition indicated
in Figure 3 shows that of the eight input
pulses to the counter, seven are recovered
on the noncarry lines. It can also be ob-
served from Figure 3 that the noncarry
pulses from the various stages never coin-
cide in time. It will be shown later that
this is a most valuable feature.

If the end-carry pulse is used to stop
the input to a counter having .S stages
and the counter is originally preset to 0
it receives exactly 25 pulses at the input.
Of these, 25— pulses are recovered at
any one stage on its noncarry line, where
M indicates the serial number of the
stage. Since the noncarry pulses from
the various stages never coincide in time,
it is possible to mix, that is, add, the out-
puts in any combination to obtain the de-
sired number of output pulses. The largest
number of pulses that may be so obtained
from 2% input pulses is 25— 1. For exam-
ple, the 3-stage counter of Figure 3 sup-
plies five pulses if the outputs of flip-flops
1 and 3 are mixed.

The pulse distributor used in the direc-
tor of the numerically controlled milling
maching utilizes the type of interconnec-
tion just discussed. Consider first only
the main part of the distributor, shown in
Figure 4. Here, a 10-stage counter simi-
lar to the previous 3-stage example is
drawn. The 10-stage counter has a capac-
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Figure 4. Basic pulse distributor

ity of 2% or 1,024 input pulses. The in-
put of the counter is shown connected to a
512-pulse-per-second source, so that the
counter will give an end carry every 2 sec-
onds. During every 2-second interval,
the noncarry outputs can supply a maxi-
mum of 1,023 pulses, of which 512 appear
at the output of the 10th flip-flop, 256 ap-
pear at the output of the 9th flip-flop
and so forth. These pulses are generated
regardless of the particular instructions to
the machine. We will call them poten-
tial command pulses.

Actual command pulses for a decoding
servomechanism are derived from the po-
tential command pulses by gating the out-
puts of the flip-flops. For example, if the
desired pulse train is to contain 515 pulses,
gate G10, G2, and Gl pass pulses from
their respective flip-flops, while G3 to G9
are cut off. The gating signals for the
gate tubes are the commands which are
held in storage. The resulting deviation
from a uniform pulse repetition rate is
subsequently smoothed in the decoding
servomechanismi.

For the sake of simplicity, Figure 4

shows only the X-axis gate tubes. The
Y- and Z-axis gate tubes have one input
connected where the horizontal bars are
shown and the other input controlled by
the ¥V and Z storage registers in a manner
identical to that discussed for the X axis.

The pulse distributor used in the sys-
tem differs from the one shown in Figure
4 by the addition of seven flip-flops (num-
bers 11 through 17) which are connected
ahead of flip-flop 10. Clock pulses are
gated to any one of the eight flip-flops
numbered 10 to 17. If the clock pulses
are applied to flip-flop 11, for example,
an 11-stage counter results which gives an
end carry every four seconds and de-
creases the pulse repetition rate at each of
the flip-flops 1 to 10 by a factor of 2. By
thus selecting the number of counter
stages used, the following two results are
achieved:

1. The average pulse repetition rate of a
given desired command pulse train can be
varied by factors of 2, hence the time re-
quired to execute a given command can be
made to be 2, 4, 8, 16, 32, 64, 128, or 256
seconds.
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OUTPUT TO POSITION CODE CONVERTER

Figure 6. Coder drum

2. Depending upon the number of counter
stages used, the command numbers may
have a length of from 10 to 17 digits.

Decoding Servomechanism

The operation of the decoding servo-
mechanism, shown in block diagram form
in Figure 5, can be seen by considering an
example. Let us assume that there is a
train of input pulses on the clockwise-
command line. As each pulse arrives, it
is added to the contents of the summing
register, a reversible binary counter. The
new contents of the summing register
cause a change in the output voltage of
the decoder. The output of the decoder
is amplified and drives the motor.. A
coder drum, to be described, turns with
the motor shaft and sends out a pulse for
every degree of rotation. These pulses
are interpreted by the position-code con-
verter which, since the motor is turning
clockwise, sends out the pulses on
the clockwise feedback line. Pulses on the
clockwise feedback line reduce the count
in the summing register. When there
are as many feedback pulses as there are
command pulses, the count in the sum-
ming register is zero, the decoder voltage
is zero, and the motor stops.

The dynamic elements of this servo-
mechanism were designed to provide
minimum bandwidth consistent with
reasonable transient-response specifica-
tions. The purpose of this approach was
to provide maximum smoothing of the
slightly irregular output from the pulse
distributor.
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A simplified drawing of the coder drum
is given in Figure 6. Since the summing
register handles both command pulses
and feedback pulses but cannot add and
subtract simultaneously, it is readily rec-
ognized that command pulses and feed-
back pulses must never coincide in time.
For that reason, all pulses originating
from the coder drum must be derived
from a train of pulses generated exter-
nally and known never to coincide with
possible command pulses. A source of
such pulses, called synchronizing pulses,
is connected to the input of the coder
drum and applied to a commutatorlike
ring by the roller shown on the inside of
the drum. Hence, the synchronizing
pulses are available at any of the teeth,
which are separated by an insulating
plastic. For the configuration shown in
Figure 6, the synchronizing pulses appear
continuously at output roller C. If the
drum now turns clockwise, the next roller
to make contact is 4, and further motion
results in roller B making contact with
the ‘commutator. For counterclockwise
rotation starting with the configuration
shown in Figure 6, the next roller to make
contact with the commutator is B fol-
lowed later by A. Hence, for this
rotation the sequence is CBA. Thus C
followed by A implies clockwise rotation,
C followed by B implies counterclockwise
rotation, and C followed by C implies no
rotation. Similar statements can be
made about any other sequence of events.

Having now examined the operation of
the coder, the rule for interpreting its out-
put can be stated as follows: Identify the
sequence in which the output pulses from
the three rollers occur and decide if it rep-
resents clockwise, counterclockwise, or
zero motion. The interpretation of the
outputs of the coder is carried out by the
box called position-code converter in
Figure 5. While the interconnections are
complex, only three flip-flops and six gate
tubes are used in the unit.

Programming

The steps in the preparation of the in-
structions for the Massachusetts Insti-
tute of Technology machine include de-
termination of the desired tool path over
the work, reduction of that path to in-
cremental straight-line segments, numer-
ical specification of the end points of the
segments, translation of the specification
into a form which can be punched on

paper tape, and, finally, perforation of the
tape.

In more detail, the programming pro-
cedure is as follows. On the basis of the
drawings and specifications of the part to
be machined, the desired cutting paths
and feed speeds to be used in machining
the work are determined. Since this de-
termination involves the conventional de-
cisions as to cutter type, sequence of ma-
chining operations, setup of work on the
machine, and so forth, it requires a sound
knowledge of machining practices.

The locus of the tool center which will
produce the desired cutting paths is next
determined by making proper allowance
for the geometry of the tool. This locus
is then divided into a series of straight-
line segments. The segments should be
as long as possible without differing from
the desired tool center locus by more than
the machining tolerance. Each straight-
line segment requires a separate instruc-
tion. Hence, the longer the segments,
the smaller the number of instruc-
tions. As the segments need not be par-
allel to the machine ways, their dimen-
sions must be resolved into components
parallel to each of the three orthogonal
motions of the machine. The time to be
consumed in executing each straight-line
segment at the desired feed rate is then
specified. The foregoing steps vary in
difficulty of computation with the partic-
ular part to be made. They can be re-
duced to routine computations for many
useful types of work.

Finally, the three components and the
time interval for each segment are coded
and punched on paper tape.

The computational and coding steps
can frequently be performed by machines.
The use of digital computers in program-
ming becomes particularly advantageous
in those cases where the work surface can
be conveniently described in terms of
equations. Several parts have been ma-
chined on the numerically controlled
milling machine which were programmed
by Whirlwind I, the digital computer
developed at Massachusetts Institute of
Technology. Whirlwind I is capable of
supplying at its output tapes which can
be used directly to machine parts. In-
ternational Business Machines (IBM)
equipment also has been employed in
programming. Equipment modifications
are planned which will permit the use of
IBM-prepared instructions without fur-
ther processing.

McDonough, Susskind—Numerically Controlled Milling Machine



Discussion

A. Liebersohn (Government Division,
Philco Corporation): What is the possi-
bility of receiving better tolerances than
0.001 inch?

Mr. Susskind: In a process of this
nature, the only thing that limits the ac-
curacy of the machine parts is the basic
tolerances in the machine tool proper. Any
slop in the gibs of the machine, any mis-
alignment of the ways, any tool wear will
show up in the finished work. We are not
considering this system as being applicable
only to a milling machine, but we feel it

has a great many applications entirely un-
related even to machine tools. If you give
me a Swiss jig borer and we agree to put it
in an air-conditioned room, the chances are
we might get work better than 0.001 inch.
We have always been able to make the
control information more accurate than the
machine tool.

Mr. Liebersohn: What is the possibility
of controlling power servos directly from
digital data?

Mr. Susskind: Briefly, we feel that it
is not economical to tie up a large-scale
computer, like our Whirlwind, with a little
machine tool in another building. This
would be inefficient. We have tried to

strike a reasonable compromise between the
computing ability within the machine tool
and that which is external to it. The pres-
ent machine is equipped only to carry out
linear interpolation. We left the machine
control very stupid, giving it new instruc-
tions whenever it changes direction. The
division into a decoding servo and a power
servo was dictated by development con-
siderations. It is entirely possible to have a
single closed loop rather than two closed
loops in cascade.

Mr. Liebersohn: What is the time re-
sponse of the power servo in terms of the
resonant frequency?

Mr. Susskind: It is, roughly, 3 cycles.

Summary and Forecast

S. N. ALEXANDER

WOULD like to call attention to the

significance of the theme chosen for
this year: the characteristics of the
input-output systems and the equipment
that has been incorporated into several
typical electronic digital computing sys-
tems. Pertinent auxiliary equipments
needed to supplement the input and out-
put functions in approaching a fully auto-
matic data-processing system have been
covered in the conference. The choice of
this theme and the enthusiastic response
given this choice are indicative of the
tempo at which digital data-processing
equipment is being extended from a
specialized tool solely for the scientist into
equipment that is going to be extremely
useful to the managers of commercial,
industrial, and governmental activities.
A few remarks regarding the forces that
have been at work accelerating this trend
may be of interest.

A similar conference held in Phila-
delphia in December 1951 created the
assurance that arithmetic, control, and
fast storage functions had been achieved
by more than one approach. Further-
more, it appeared that these basic units
had exhibited initial reliability that was
fully as unexpected as it was gratifying.
Because there had been many discourag-
ing delays in the progress of the first
computer projects, it was natural that the
completion of machines which performed
reliably should engender great elation.
In fact, in this elation, a certain develop-
ment tended to be overlooked—the at-
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tainment, much sooner than expected, of
a level of effectiveness for the internal
machine functions that was outstripping
the ability to get the information into
and out of the machines. There was a
backlog of significant computations that
need little communication with the out-
side world and this tended to obscure the
situation. This initial elation was short-
lived in the face of the mental audacity of
the men who began posing problems for
the machines that required input-output
performance not yet available. Beyond
these scientific needs there was an ac-
cumulating pressure from potential users
of these devices who planned to use them
more as generalized information proces-
sors than as digital calculating machines.

Perhaps this might be considered to be
a distinction without a real difference. I
believe not, because the generalized infor-

‘mation processor application naturally

places emphasis on the input-output
characteristics so that the system can
function effectively on tasks for which
numerical manipulations have a second-
ary role. A pioneering example in this
area has been set by the Bureau of the
Census in their recent tabulation of a
portion of the 17th Decennial Census
with electronic equipment. Incidentally,
this role of pioneer in data-processing
techniques is not a new role since Census
was the first organization to make major
use of the punched card techniques de-
veloped by Hollerith and Powers at the
turn of the century. Census’ experience

with their initial electronic installation has
served to emphasize the weight that needs
to be allotted to the characteristics of the
input-output features in estimating the
effectiveness of digital equipment for data
processing.

With this background, it seemed en-
tirely appropriate for this conference to
be devoted to the characteristics of the
input and output equipment that is now
available for use with both computing
and data-processing systems. The pro-
gram for the first part of the conference
was selected mainly to provide an orien-
tation for comparing the features of the
input-output facilities now available on
complete machines. Following this, the
specific installations selected for presen-
tation represented several ways to ap-
proach the organization of the input-out-
put equipment. In addition, these
presentations contained information on
equipment that has been completed and,
in most instances, equipment for which
operational experience is available.
There is a host of ingenious ideas which
relate to improved petformance of such
equipment and which deserve attention.
However, the limitations of time at this
conference required that they either be
included in the survey papers or left un-
mentioned. The fact that certain sys-
tems and equipments were given space
on the program does not necessarily im-
ply superiority of their approach over
that of others known to be in develop-
ment, but rather a commendation for the
energy and zeal of their creators in mak-
ing them available at this early date.
The evident importance of this class of
equipment is certainly a provocative

S. N. ALEXANDER is Chief of the Electronic Com-
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challenge to rapid further improvement
which should justify another conference
on the same subject in the near future.

A part of the program for the final ses-
sions was devoted to items that look
toward additional areas of applications
for information-processing machinery;
in particular, the survey papers on ana-
logue-to-digital converters and the nu-
merically controlled milling machine.
These both relate to the early beginnings
of the use of digital-data processors as a
key element in a control system by which
the information processor exerts a direct
influence over the actual handling or
processing of material things. Let us
defer detail consideration of this new area
for the moment and speculate briefly on
some trends in the application of informa-
tion-processing machines to the auto-
matic handling of the ever-increasing
burden of paper work that has accom-
panied the expanding activities of com-
merce, industry, and government.

At the present time, there is keen
interest in the possibilities of transferring
much automatic handling of the routine
paper work that is becoming such a
burden to all organized endeavor of
modern man. There are good reasons to
expect that other successful applications
will soon follow in the wake of the pioneer-
ing example of the Bureau of the Census.
As a measure of the importance that some
people attach to this field, these anti-
cipated improvements have been fre-
quently referred to as a second industrial
revolution that is to occur in the office.
This is an obvious direct parallel to the
first industrial revolution which occurred
in the factory. Here mechanization and
standardization of ways of handling and
processing material things were developed
that led to vastly increased output with
great reductions in unit costs. 1f there is
to be an industrial revolution in the office,
it apparently is going to take the form of
the application of mass-production and

assembly-line techniques to the handling -

and processing of data and information
through the use of electromic processors
with appropriate auxiliaries. Such out-
right predictions of a revolution in tech-
niques do not give adequate credit to the
less dramatic improvements that are
already being achieved through the use
of conventional office machinery and
punched-card equipment. However,
these improved mechanical techniques do
not have the potential for keeping pace
with the growth of the problem. It has
been reported that the ratio of new cleri-
cal workers needed to new factory workers
needed has increased threefold in the last
25 years, until today clerical workers
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actually outnumber agricultural workers
in this country. On the other hand, the
new electronic techniques do appear to
have the potential for achieving a fully
automatic approach to the handling of the
paper work such as that associated with
record keeping, billing, accounting, in-
ventory control, and production schedul-
ing.

Many developments have been dis-
cussed during the conference that appear
applicable to these tasks, but they are but
steps along the way toward an adequate
scheme for coping with the steadily in-
creasing magnitude of the problem. Cer-
tainly, there exists today the need for ex-
tremely larger reservoirs for data storage
that can be interrogated both by people
and by the electronic processors. De-
velopment teams are actively looking into
possible ways of achieving such functions,
as well as others closely related. It does
not seem unreasonable to anticipate sup-
planting a large number of file cabinets,
together with their paper documents,
which now must be removed during use
and subsequently replaced, by completely
automatic files. Such files could employ
some form of automatic playback device
that uses magnetic recording techniques.
It would then no longer be necessary to
remove and replace the ‘source’ record in
order to process the information, since
telegraphic communication techniques
could be employed between the files and
the users, whether they are people or elec-
tronic processors. Either could ‘dial the
file’ for the desired information in much
the same way in which we now dial into
the telephone system to get information
about the time or the weather. These
files can not only be interrogated at a
distance, they can also be ‘written into’
from a distance. Some of the advantages
that might accrue from this approach to
the automatic file problem are:

1. Less space will be required for filing
documents.

2. Reference to the file can be made auto-

matic, since no one need go to a filing:

cabinet and physically pull papers.

3. Reference to the file does not remove the
original data from its storage place,
even while the information is being used
or the file is being brought up to date.

4. Because the files can be remote from the
users (and contact made via telegraphic
commumnication), records can be housed
in underground vaults that are safe
against bombing or fire raids.

5. If a metallic magnetic medium is used,
the resulting records are probably more
durable than paper or microfilm, and
will be more resistant to damage by
both water and fire.

6. For security reasoms, to protect con-
fidential military or corporate informa-

tion, the files can be arranged so that
they will not yield information to any-
one until a key code word has been sup-
plied. The code word (equivalent to a
key to a lock on a filing cabinet) could
readily be changed every day, if neces-
sary. Finally, if extreme security is
required, such information can be stored
in a scrambled form, and the informa-
tion processor would unscramble or
decode the information only for people
authorized to interrogate the files.

Doubtless other devices will be re-
quired to round out this proposal to fit it
for various areas of applications. A few
of these that quickly come to mind are
inexpensive print-out devices akin to a
stock ticker, fast printers for the billing
functions, simple cash register—magnetic
recorder units to enter data into the sys-
tem at the point of the original transac-
tion. The trend is definitely in this
general direction, but the eventual form
it will take is difficult to predict. The
scheme just proposed by which these addi-
tional electronic data-handling functions
can be attained is based on technology
that is essentially established. However,
there is still the question: Is this likely
to be an economic means to these ends?
It is hard to see how this kind of question
can be properly answered without a trial
installation.

Let us now turn from possible exten-
sions of these techniques in the paper-
handling field and examine the subject
matter of this conference from a some-
what different point of view. The proc-
essing of paper work is essentially a mat-
ter of organizing the results of past
activity. The source records, such as
sales slips, vouchers, and production
data, are the symbolic representation of
this past activity. There is no funda-
mental reason why the digital-data
processor should deal only with records of
past activity, provided that the data
processor is fast enough and that means
are available to provide direct contact
with the real world about it. The con-
verters from analogue to digital represent
means whereby such contact can be estab-
lished.

A simple example of a situation in
which this is meaningful arises in connec-
tion with measurements taken in wind
tunnels. The quantities measured in the
wind tunnel are not necessarily the ones
by which the design engineer can most
easily estimate performance. If data
converters can insert the measured quanti-
ties directly into a data processor, the de-
sired interpretation can be made available
to the scientist conducting the test
rapidly enough for him to adjust the
parameters for the next test in the
sequence. Indeed, if he is not engaged in
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an original class of experiments, the
scientist could have feedback converters
arrange actually to alter the controlled
parameters so that the installation could
move on to the next test quite auto-
matically. "While this might appear a
bit visionary at present, it seems a tech-
nically feasible proposal. Here again,
the fundamental question is whether this
is an effective and economic means to
these ends.

The concept of having the data proces-
sor in continual direct contact with the
outside world suggests other more ambi-
tious applications. We can speculate on
providing far more powerful aids to the
controller in the tower of an airport
traffic center. These aids are needed be-
cause the data regarding the activity
around the airport, as well as for the
approaching air routes, do not arrive in
the traffic center in a form and a sequence
that are suited for immediate interpreta-
tion and use. Flexible data processing
and presentation can do much toward
making more effective use of the control-
ler’s experience and judgment. Note that
the processing system is intended pri-
marily as a means for giving the control-
ler more opportunity to concentrate on
those functions involving judgment and
decision. However, it might eventually
be feasible to adapt extremely routine
situations to standard operating practice
in a way that would permit machine
analysis of the situation. The recom-
mended course of action would be pre-
sented to the controller for him either to
release or override. In this way the
controller could quickly cope not only
with the situation in which the machine
is malfunctioning, but also with the
situations for which he deemed that
standard operating practice is inapplica-
ble. With this point of view, it seems
reasonable to look forward to seeing this
class of application of digital processors
in experimental trials in the near future.

Another interesting area of application
is the one in which the machines are to
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provide prediction calculations. Indeed,
the possible use of these machines for
estimating the weather from such predic-
tion calculations has already received
considerable publicity in the popular
press. Granting that it may be possible
in principle, it is extremely easy to under-
estimate the magnitude of this task. For
example, the estimation of long-term
trends in the weather is an ambitious
undertaking for even the most competent
of existing machines. Far more powerful
equipment will be needed before we can
hope to predict the general character of
tomorrow’s weather from calculations
made on today’s observations. However,
the significance of even partial success
with this task is so great that all the
efforts are more than justified.

Prediction calculations of another type
have been explored during the past
several years by a group in the Office of
the Air Comptroller, United States Air
Force, and are well worth comment. In
this program the plans of the Air Staff
are to be interpreted into the manpower,
money, training, housing, material
scheduling, transportation, and all the
other requirements necessary to execute
the plan. The detailed accounting and
estimating for this task are being formu-
lated as mathematical procedures in
order to systematize the massive calcula-
tions that are involved. The use of the
new electronic data processor has done
much to make this orderly approach to
the problem one that has an acceptable
time scale. As soon as better analytical
and processing techniques are available,
this type of prediction calculation should
become of interest to many other activi-
ties, both in and out of government.

An embryonic example is a co-opera-
tive study among the economics depart-
ments of several universities, the Bureau
of the Budget, the Bureau of Mines, the
Bureau of Labor Statistics, and the
Bureau of the Census. The purpose here
is to assemble the pertinent data about
the United States economy and attempt

to use the interindustry calculation tech-
nique for estimation of the impact of the
defense effort on the over-all economy.
While it is natural to suspect that these
first efforts are subject to oversimplifica-
tions, there seem to be reasonable possi-
bilities for eventually obtaining tech-
niques that will provide useful estimates
of these economic interactions. No doubt
more powerful machines will be required,
but it seems safe to predict that the
eventual limitation will reside in the need
for better data and techniques.

So much for the forecast of things that
might come into being. If a significant
portion of the advances that are being
contemplated is attained, something akin
to a second industrial revolution may
really be achieved. These expanded elec-
tronic information processors may then
come to be regarded as one of the signifi-
cant inventions of our time. They may
enable science, industry, and government
to tackle large-scale complex problems
which heretofore could not be handled
very effectively in the time allowed.
(Notice the last, ““in the time allowed.”)
They may eventually reduce the neces-
sity for centralization and attendant
overcrowding by permitting the dispersal
of people and equipment without sacrific-
ing some of the advantages of centralized
control. Thus they may ease the burdens
of large enterprises, both industrial and
governmental, by permitting the integra-
tion of many diverse activities into a
smoothly functioning unit while retaining
the flexibility of smaller organizations.

In closing, I wish to express my appre-
ciation of this opportunity to interpret
for you some trends that appear to be
reasonable expectations for the future.
However, I have the usual hesitation
about the risk that goes with making
estimates about the future. Indeed, if
words possessed any nourishment what-
soever, would not many of us in this field
grow sleek and fat from eating the words
that we have spoken in forecasting the
future!
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General Discussion

Raymond H. Lazinski: My thesis is
thatengineers and logicians of the comput-
ing machinery and information-handling
equipment fields have not availed them-
selves of the abundance of pertinent in-
formation gathered by members of the
field of biological sciences. Biophysicists,
biochemists, and neurophysiologists have
investigated the components and circui-
try of the most highly developed infor-
mation-handling equipment as we know
it, the mammalian nervous system.
These components have been described in
great detail in numerous publications in
the field of neurophysiological histology.

The comparisons drawn between the
brain and automatic computing machin-
ery by A. M. Uttley,! W. Grey Walter,?
and E. C. Berkeley,? are an endeavor to
show the similarity of two types of me-
chanisms which have in common the fact
that their outputs result from the manipu-
lation of information either stored or ob-
tained directly from input equipment.

A more quantitative approach is neces-
sary if the members of the computing ma-
chinery field are to take full advantage of
the knowledge gained by biological re-
searchers. In order to understand and
extrapolate on the workings of a nervous
system, a working knowledge of its basic
unit, the neuron, is essential. Only after
the reader has acquired a knowledge of
the characteristics of the individual neu-
ron can he appreciate the integrative na-
ture of a neural network.* As this is not
intended to be a text on neurophysiology
for the engineer or a repetition of informa-
tion so ably presented in many texts, a
minimum of physiological terminology
will be used. Instead, this brief paper
will be a description, in simple terms, of
the neuron and its interactions with other
neurons.

The neuron, which is a single cell, is
composed of three major parts: the soma,
the dendrites, and the axone. The soma
is the cell body of the neuron. The den-
drites, which serve to transmit impulses to
the soma, are small hair-like processes
which emerge from the cell body and
branch out in all directions. The axone
serves to carry the impulse from the soma
to a junction of dendrites and axones of
other neurons. The axone may range in
size from /3,0 to Yy inch in diame-
ter and it may be several feet in length.
The hair-like branches of the axonal end-
ing are arranged in intermeshing proxim-
ity with the dendrites of other neurons
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(as illustrated by Kuntz5). This junction
between the axonal endings and dendrites
is called a synapse. The impulse which
travels along the neuron is described by
Adrian® as an all-or-none type of impulse.
The polarization potentials maintained
between the inside and the outside of the
axone (owing to the interchange of potas-
sium and sodium ions through the axonal
membrane by means of a biological ‘sodi-
um pump,’ as shown by Hodgkin and
Huxley)? deteriorate when sufficient stim-
ulus is applied to the dendrites of the
neuron. This depolarization will travel
from the soma along the axone towards a
synapse. The velocity of thiselectrochem-
ical impulse ranges from one meter per
second in thin axones to 160 meters per
second in thick axones. Gasser and
Erlanger® show that the velocity is pro-
portional to the square root of the axonal
diameter. Immediately after a neuron
has been stimulated and caused to ‘fire,’
it enters an absolutely refractory phase,
that is, a second impulse can not be initi-
ated, regardless of the intensity of the
stimulus. A relatively refractory phase
immediately follows the absolute refrac-
tory one, that is, a period during which a
large stimulus is needed to initiate an im-
pulse. This phase exists until the neuron
is repolarized. It is now apparent that
stimuli from more than one neuron at a
synapse may be necessary to cause an-
other neuron to initiate an impulse. To
be effective the incoming impulses need
not arrive at a synapse simultaneously,
but they must arrive within the period of
latent addition.® Not all impulses from
adjacent neurons are facilitating; they
may in fact be inhibitory.’® It is now
clear that the firing of a neuron depends
upon its polarization (a function of meta-
bolism); its refractoriness; the relation
of its dendrites to the axones of other
neurons!!; the relative time of arrival of
stimulating impulses; axonal transmis-
sion delays; synaptic delays, and so forth.
For more detailed information on the
operation of the components of neural
networks, the interested reader may con-
sult an article entitled ‘“The Nerve Im-
pulse” by B. Katz.!? If not satiated, he
can then consult a chapter on neurophys-
iological histology in almost any modern
anatomy or physiology text.

It was shown by Lorente de N§% that a
chain of neurons forming a closed loop can
be made to trigger each other indefinitely
around a closed circuit. Due to the pres-

ence of the inhibitory and facilitory4 neu-
trons at many of the synapses within the
closed loop, the path and velocity of the
impulses can be altered. Because of the
temporal and spatial summation at a
synapse, solitary as well as cyclical im-
pulses can be readily routed. Saunder
and Young® imply that this is the basis
for learning. MacKay and McCulloch!®
suggested that the nervous system uses a
pulse interval modulation system to trans-
mit its information. The characteristics
of neurons and synapses have been used
by McCulloch and Pitts to develop a ‘logi-
cal calculus’¥ of neural nets. Shimbel
and Rapoport!® consider a probabilistic
approach to neural networks in differen-
tiation to what they call McCulloch’s and
Pitts’ deterministic approach. Landahl
and Runge!® have applied a matrix alge-
bra to neural networks. The extension of
the McCulloch and Pitts logical calculus
manifests itself in an explanation of the
operation of some sensory organs. They
have used these concepts to explain the
operation of auditory and visual sensa-
tion, and recognition of form.? Culbert-
son?! has described the opticnerve conduc-
tion and form recognition in these terms.
This type of information input mechanism
is certainly of greater value than a photo-
electric word reader, such as the 5-by-7
matrix reader, which reads only print of a
certain type with a specific orientation
and size.

Channelized education has been respon-
sible for the seeming diversity of the neu-
rophysiological and information-handling
fields. It is for this reason that the
aforementioned principles have not been
used to advantage in the field of informa-
tion handling. Unfortunately the lack of
personnel trained in both fields has served
as an obstacle to the interchange of per-
tinent information. It is the belief of
the writer that implementing of the study
of neural networks, with a view toward
their information-handling abilities, will
restlt in an advantageous change of em-
phasis in the automatic computing ma-
chinery field. Obviously the system un-
der discussion is ripe for investigation for,
after all, it does work.
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G. N. Patterson (Burroughs Adding Ma-
chine Company): There was one thing that
I noticed in connection with the matrix
printers which I thought might be worth a
comment. Although the numerical value
has not been emphasized here, there is a
great amount of redundancy from the infor-
mation point of view in the matrix printing
process.

Most of the printers which are designed
to do alphameric work seem to use about
7 by 5. In other words, about 35 bits of
information can be handled in the matrix,
whereas in an alphameric character there
are less than six bits, but let us just say six,
to use a convenient number. This would
mean approximately 85-per-cent redun-
dancy in the output.

It might be interesting to note that the
Braille system uses a 2 by 3 matrix, which is
exactly the six bits. Perhaps we should em-
ploy more blind people and design our out-
put system to print Braille. We would have
a much more efficient over-all system.

The same amount of redundancy was also
present in the matrix printer designed to
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print only decimal digits. As I remember,
that was a 3 by 5 matrix—in other words, 15
bits, whereas there are less than four bits in
the decimal digit, again giving a redundancy
figure of about 75 or 80 per cent.

The only device I saw which tended in
this direction—although I do not think it
was very successful—was passed over in
silence. This was the Holden attempt to
use certain shaped areas other than just
plain dots. I do not think this is necessarily
a solution to the problem of eliminating
some of the redundancy. Perhaps co-
operative research of the psychologists on
determining the optimum size of the matrix
might be of some interest. It is probable
that deterioration in the quality of printing
can be tolerated. I thought that the Post
Office would complain when 7%me and Life
magazines went over to Fax dick strips,
but apparently there has been no complaint.
Consequently, there is some room for
degradation in the type face without its
becoming unacceptable for this semisoft
copy.

S. N. Alexander (National Bureau of
Standards): I would like to take issue a
little bit with the idea that efficiency in the
code is necessary to get efficiency in the
over-all system. I think we live in a world
so full of redundancy that it is hard to
imagine our ever training it out of ourselves.
The fact that a 5 by 7 matrix is acceptable,
as you pointed out, I think is quite encourag-
ing. There have been several comments
made to the effect that if this is acceptable
as text for business documents, it would be a
very convenient method for reading the
material back into the system, because
scanning this dot array will give unique
identification of the characters, and you
can go from printed characters directly into
the machine.

This is certainly not a new idea. It crops
up everywhere, and it is about time some-
body actually carried it out. I am sure
that, with that characteristic added, the
acceptance of this sort of print face would
make better headway with business firms
and would point up the importance of the
efficiency of the notation rather than its
appearance.

R. L. Snyder (Snyder Laboratories): Dr.
Brainerd has said that he would like some-
one to state what the ideal input-output
system might be for a computer.

If you start with the input system, 1
think the ideal input would be something
that would read a page of printed matter
with sufficient Gestalt to keep track of slight
errors in the printing. It should be able to
read at speeds comparable with the speeds
at which tapes, both perforated and mag-
netic, can be read. It should be something
that is cheap enough that the average person
can hope to use in his business. Short of
this, it seems to me that you must have
something which is legible on the input, if
nothing more than perforated tape.

For the output, I think one should have a
printer fast enough to print out the contents
of the memory and find the trouble in a few
minutes. Even so, when computers have
been developed to the point where errors
are not too likely to occur, high-speed print-
ing is still desirable, so that more work can
be pushed through a computer. Undoubt-
edly the real value of the computer will
be in direct proportion to the amount of use
that can be gotten from it, and no more com-

puters will be built than will be used.

For intermediate storage, it seems to me
that something like the present rotating
drums are quite good. If the capacity can
be made large enough, it seems unnecessary
to have tremendously fast access times re-
quired in the internal memory. I believe
methods will be found to program computers
with memory capacities of the order of 1,000
words, so that they can efficiently use a
much lower speed large-capacity memory.
I do not believe it will be economical to
build 10® word memories with access times
in the order of a microsecond or so. I think
it will be much cheaper to use a 1,000-word
high-speed memory with very, very large
external memories, and probably a number
of machines using the same external mem-
ory.

J. C. McPherson (International Busi-
ness Machines): Speaking as an engineer,
I should like to ask: Is this the time
when we should consider standardization
of the input medium, at least the input
medium which looks most attractive, for
which we have no standardization at pres-
ent, namely, magnetic tapes? In the past
it would have been quite helpful. Many
people have taken advantage of early stand-
ardization, first of the Teletype tapes which
have a standard positioning of hole and dis-
tance between holes and sprocket feed, and
also the punched card; and of both Inter-
national Business Machines (IBM) and
Remington Rand which have established a
degree of standardization which make inter-
changeability of reference between all sorts
of organizations practical.

In this new medium of magnetic record-
ing, it is quite clear that we would benefit by
having a common pattern such asappears on
the Teletype tape which, by and large,
machine designers would follow. This
would permit some degree of interchange-
ability of tapes between various units, and
their ultimate transportation from one
organization to another. Would anybody
care to comment on whether this is the time
for making an advance in this direction and
on what would be the best method?

F. J. Maginniss (General Electric Com-
pany): It seemed to me that Mr. Snyder,
in talking about the ideal input-output sys-
tem, laid down some specifications, for
example, for a printer. I would go a step
further; I wonder whether it is time the
computer industry, which is in its infancy,
started thinkiag about standardization of
more than just mediums that can be passed
around from one outfit to another, but -
rather standardization of component parts
in computers themselves. In at least one
industry this has turned out to be very
economical, both from the point of view of
the manufacturer and from the point of
view of his customer.

Dr. Alexander: Since I happen to be on
the staff of the National Bureau of Stand-
ards, I ought to be an outstanding exponent
of standardization, but I should like to take
strong issue on this. In a field that exists by
virtue of a memorandum of 1942, less than
a decade has passed from the original con-
ception of these devices in memorandum
form to today. I think we are rushing the
art a bit. Imagine what would have hap-
pened to the automobile industry if they
had standardized 10 years after their in-
ception.

I feel very strongly that this would pro-
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duce a mental strait jacket hardly worth the
efficiency that might resuit. I feel particu-
larly strongly about it because technically
there is no great burden associated with
these translations. This is one thing I
think these machines do with their little
left finger. If you want the machine to do
it, with a reasonable amount of ingenuity, I
think translators to and from the various
mediums can be had. I know in our own
operation in Washington, D. C., we go
from IBM cards to punched paper tape,
from punched paper tape to magnetic wire,
from magnetic wire we get it onto magnetic
tape, and it is not very painful.

There are many problems that plague us
much more than that, so I would recom-
mend on this particular one holding up a
bit. In fact, I would like to expand this
point and say that I am afraid there is a
Russian-like secrecy growing up in this
business because everyone thinks he has the
sole key to salvation.

I feel it is much too early to close the
laboratory door. Mr. Kettering is very
right in this, that you shut out much more
than you close in if you close the laboratory
door in these stages. I appreciate the
difficulties of patent positions, and all that,
but the customer does not buy your patent
position; he buys good, working equip-
ment, and in this case I put on my hat as a
purchaser of equipment for the Govern-
ment. We at least do not care who owns
the patents, and I doubt if very many of the
comtmercial users really care. If you paya
license fee, so what? Add it to the price.
If the equipment is good, we will love it.

Member: I just wondered whether it
would interest the meeting to know of a dis-
cussion held in London a little while ago on
this very subject of standardization in com-
puting work. The general feeling of the
meeting I attended was that it would be very
unwise to standardize, because, as Mr.
Brainerd has said, it undoubtedly would
result in much more being lost than would
be gained, but one thing that did come out—
and I intend to support it—was the need
for standardizing terms. I feel the tend-
ency has grown up in this field for rather
slangy nomenclature, and perhaps some of
the organizations could do a little bit in this
direction. I believe that internationally it
would help.

R. H. Lazinski (Moore School, University
of Pennsylvania): I should like to know
the policy of the Association for Computing
Machinery (ACM) on the discussion of the
true computer and the optimum analogue-
to-digital converters. I personally am very
interested in the biophysical connection
with computers. I feel that this analogue
computer, combination of digital and an-
alogue computer which we all carry around,
has a great deal of information to give to the
field, and I have heard only one paper de-
scribing the type of work in this field, which
was given at the Pittsburgh meeting by
Dr. McCullough. I just wondered how
ACM feels about this, and do they welcome
papers from people in the biological field
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which would deal with information input
and output in the animal, and with its
application, possibly, and the generation of
idea in the field of automatic computers.

Chairman Brainerd: Is this directed to
ACM, or to this conference?

Mr. Lazinski: I should like a general
opinion on this. I suppose I should write
to ACM, but I should like to know how
people in general feel about this, because I,
dealing very lightly in the field, feel that it
can, by crossing the field of the biological
sciences, give a great deal of information to
the field of computing machines.

Dr. J. G. Brainerd: We probably feel
input-output is not exclusively within the
engineering field. This was brought
strongly to my attention by the fact that
one of my Congressman friends working
on an input-output study told me not long
ago that he had heard that the engineers
had taken up the words ‘input’ and ‘output.’
The psychologists use the terms, but psychol-
ogists I know recognize that they have been
using them for a relatively short time
There is a very interesting question as to
whether the input-output studies which
involved input-output mechanisms would
not gain something by considering the
parallels in our own field.

S. B. Williams (President, ACM): I
should like to have a letter written on this
subject to ACM, because ACM is about
ready to expand along various lines. One
thing we are doing is to set up a nomen-
clature committee, which is about as far
toward standardization as I would like to
see us go at this time. I do think we should
all have a common language, and a common
nomenclature. I agree with Dr. Alexander,
that we should not attempt to standardize
any of our hardware at this time.

N. H. Taylor (Massachusetts Institute of
Technology Digital Computer Laboratory):
I should like to say a word about the
general plans of the ATEE-IRE-ACM Com-
mittee regarding topics that have been dis-
cussed today. Most of you, I am sure,
attended the Philadelphia meeting a year
ago. We thought that this field first
needed a review of the computers that
existed in the field and some document that
one could turn to, to get an idea of what a
computer does, which computers do what,

and some basis upon which one could.

compare computers. I think the best
evidence of that document’s reception is
that over 1,600 copies have been sold of last
year’s discussion. It was quite difficult for
us to decide that this topic, input-output,
should be the subject for discussion this
year. I believe we have brought ourselves
up to date. We have already covered
what computers are available; we painted
that with a broad brush. We are now
painting input-output with a rather broad

- brush. There are a lot of things we have

not done, and I think that we on the com-
mittee are very conscious of this. One
was just mentioned in the biological field.

A lot of people have come to me during
the conference and asked why do we not do

_comments during the year.

this or why do we not have a paper on that?
We are trying to develop a policy, and I
would like to pass it on to you for your
comment.

We believe that this Joint Conference,
which we hope will become an annual
affair, should bend its energies toward the
engineering end of the computing field.
The engineering end is only a portion of the
effort, however., The AIEE and IRE are
the strong group here in the sense that this
is a meeting for engineers. There is no
other meeting exclusively for computer
engineers. We are doing this so that the
ACM in the prime work of their organiza-
tion can stress the application of computers,
the programming problems, and how such
problems can be put on machines: just
how oue goes about deciding when a problem
should or should not go on a machine.

Apparently we are getting to a point
where we need to communicate with other
than engineers and other than mathema-
ticians, because very few of us are actually
using the machines ourselves. I wondered
whether a next year’s conference held by
these organizations should try to cover the
topic.

Another thought along these lines is that
it has been 3 years since we had our con-
ference in Atlantic City, N. J. We have
not had a talk about computer components
since that time in any degree of detail.
Somewhere within the next 12 months I
think we need to review what is available
to the computer designer in the component
field. Computer components certainly have
improved since the Atlantic City conference,
and we have several new components which
have not even been mentioned and which
perhaps are of more interest and in some
ways more important to what we are going
to do in the future than anything else.

These are the subjects we worry about in
our joint committee, and we welcome your
We would
like very much to hear from you as to what
you would like to have discussed.

Mr. Sephaban (Monroe Calculating Ma-
chine Company): I am wondering about
the kind of components to be used in the
future. The question that often comes to
my mind is, have we investigated all the
possibilities of more reliable components?
Often the trouble we have is not the result of
how we go about making input-output
devices, but in the components we use.
There was very little information on the
compotents in this conference.

Another question in my miad concerns
the use of transistors. They are being
given a lot of attention at Bell Laboratories.
I have asked their engineers about the
magnetic cores. Have these cores been
investigated enough? (They seem to be
more reliable than tubes or transistors.)
Or has the invention of the transistor created
so much excitement that we have forgotten
about other things? The answer I usually
receive from the engineers is, ‘“We often
wonder about that, too.”
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