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OMPUTER  output printers currently in use are
generally of the electro-mechanical type, limited
in speed by the inertia of mechanical moving

parts  to about 1,500 l ines per minute.  Impressive
though this speed may be, it is completely inadequate
compared with the speed at  which output can be
created by present day computers capable of perform-
ing millions of operations each second.

In order to achieve higher speeds, electronic printing
devices have been developed in which mechanical
moving parts are almost entirely eliminated. The
Stromberg-Carlson 4020 is a device of this type, the
only one of its kind in this country being at A.W.R.E.
Data is input to the 4020 in the form of coded informa-
tion on tin. magnetic tape. Consequently the 4020 can
be used with any computer which uses IBM compatible
tape including the IBM 7090 and 7030 (Stretch), ICT
Atlas and English Electric-Leo-Marconi KDF9  com-
puters used in U.K.A.E.A. establishments.

The 4020 generates characters using a cathode ray
tube containing a small plate in which are cut sixty-
four character-shaped apertures. An electron beam
directed at a selected aperture is extruded into the form
of the character and the shaped electron beam is then
deflected to a selected posit ion on the tube face.
Character images so formed on the tube face can be
recorded on 35 mm. film and/or sensitized paper which
are subsequently developed photographically. Sixty-
four lines each containing up to one hundred and
twenty-eight characters can be printed on each frame.
The only mechanical moving parts in the device are
those required to advance the film or sensitized paper
a page at a time so that extremely high printing speeds
are possible, over 7,000 lines per minute when record-
ing on microfilm only.

The speed of present day computers poses a human
problem also in that the computer user has to assimi-
late the output before he can make any deductions
from it. The printed numbers shown top right, an
example of the 4020 printed output, will convey very
little to the average reader and it is quite probable that
the computer user will plot a graph of the results in
order to understand them fully.

The 4020 can make a large contribution to the solu-
tion of this human problem. By panning the electron
beam through the dot aperture a straight line trace can
be made on the tube face. With a combination of dots



and straight lines a drawing can be created, a technique
which can be used in almost every computer applica-
tion to present results in visual form, quickly assimi-
lated by the computer user. All the illustrations in this
article, with the exception of the first, were drawn in
this way and show a few of the many uses of the 4020.

The graph at the bottom of the first  page is a
plot of the pressure/time values printed above it. The
essential features of this graph can be assimilated by
the computer user almost at a glance, certainly much
more quickly than can the printed numerical values.
A graph of this type can be drawn on the 4020 in a
fraction of a second.

Critical Path or PERT techniques are being used
extensively to plan large engineering and research pro-

jects. In these projects some activities cannot start
until other activities have been completed, e.g. in build-
ing projects the roof cannot be put on until the support-
ing walls have been built. This ordering of activities
is represented by a directed network. The time required
for each activity is then estimated and a computer is
used to analyse the network to determine the total time
required for the project and to draw the attention of
the project manager to the critical activities, i.e. those
activities which prevent the project from being com-
pleted in a shorter time. Project networks can be
drawn on the 4020, the diagram above shows a simple
network produced automatically by a critical path
analysis program. Attention is drawn to the critical
path by emphasising the critical activities.

THE 4020 is being used else-
where to draw maps, the map
of the world on the left

being an example of this use. I n
order to draw these maps it is neces-
sary to specify the positions of a
l a r g e  n u m b e r  o f  p o i n t s  o n  t h e
desired outlines, but once this has
been done a large variety of maps
can be drawn. Any desired projec-
tion can be easily obtained, the map
shown here is a Mercator projec-
tion. Also any part of the map can
be selected and expanded under
computer control and additional in-
formation such as cloud density,
radiation intensity, temperature,
populat ion,  etc . ,  can be super-
imposed.



N the last few years numerically
controlled machine tooIs  have
been introduced to industry.

Instead of  being control led by a
human operator these machine tools
are automatical ly control led by
coded instructions, read sometimes
from punched cards but usually
from either magnetic or punched
paper tapes, which define the path
to be followed by the cutting head
and even the cutting head to be used
for each section of the path.

To produce these control tapes a
complete programming system
k n o w n  a s  A P T  ( A u t o m a t i c a l l y

Programmed Tools) has been de-
veloped. The programmer des-
cribes the component to be machin-
ed in terms of its geometric forms,
e.g. straight lines, circles, parabolas,
ellipses, etc., in the English-like
APT language. A digital computer
is then used to translate this des-
cription and other relevant informa-
tion to produce automatically a
control tape which then directs t-he
machine tool to produce the re-
quired component.

The 4020 is being used to check
the accuracy of these ccntrol  tapes.

Before the component is machined
the control tape can be read and the
machine tool path drawn on the
4020. An example of such a tool
path drawing is shown above. This
part icular  component is  3-dimen-
sional so that the drawing illustrates
the projection of the tool path onto
a plane from one view point. It is
possible to obtain a projection of
the tool  path from several  view
points. These drawings are checked
for errors prior  to manufacture,
thereby eliminating the costly
machining of incorrectly designed
components.



0
NE further capability of the

4020 merits special men-
tion. It was said earlier that

the output could be obtained either
on 35 mm. film, which is very suit-
able for long term storage, or on
sensitized paper, which is more con-
venient for everyday use. However,
the 35 mm. film output can be run
through a 35mm. tine  projector: thus
if  a series of sl ightly changing
sequential events is recorded on
film, this can be projected and
viewed as a tine  film giving a time
scale sequence. Cine projectors
run at  24 frames/second so that
even a short film would require a
large number of frames. To reduce
the computer time required to pro-
duce an adequate number of frames
the 4020 has a facility for repeating
each frame up to thirty-two times.
Titles can be added using characters
formed from vectors,  characters
formed in this way were used to
annotate the graph on the first page,
so that a complete film can be made
using the 4020. Such films are ideal
for the presentation of results of
time dependent computer calcula-
tions and a few films have been
made in the Mathematical Physics
D i v i s i o n s  a t A.W.R.E. The
sequence of photographs shown on
the right have been taken from one
of these films illustrating the inter-
action of a plane shock wave with
a spherical  bubble of  hel ium in
neon. The computation was done
by a 2-dimensional unsteady hydro-
dynamics program using the Par-
ticle-in-cell method. In this method
elements of fluid are represented by
particles, shown in the photographs
as dots: to distinguish the helium
from the neon the helium particles
are shown as larger dots. The pro-
gram computes the motion of the
particles through a fixed reference
grid of cells in which hydrodynamic
variables, such as  pressure,  are
evaluated, hence the name Particle-
in-Cell. The photographs show a
section through the centre of the
bubble perpendicular to the shock.
In the top photograph the shock- is
touching the left of the bubble,
behind the shock the neon is com-

pressed to a higher density, this in- the helium bubble than in the neon
crease in density showing as an in- outside and also compressing the
crease in the number of particles helium more. In the bottom photo-
per unit area. In the sequence of graph, the last of the sequence, the
photographs the shock propagates helium bubble has been compressed
from left to right, travelling faster in into a meniscus shape.



Changing the hard copy magazine.

There are vacancies in the Mathematical Physics Divisions
for staff with qualifications ranging from an Honours Degree to a
General Certificate of Education at ‘ 0 ’ level in four subjects,
including English Language and a Mathematical or Scientific
subject.

If you are interested in working with computers please write
for further leaflets on this subject and details of vacancies to:-

THE CHIEF PERSONNEL OFFICER,

U.K.A.E.A.,

ALDERMASTON,

Nr. READING,

BERKS.


