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INTRODUCTION
From recent announcements it may seem to many that the

art of picture transmission has suddenly been born; but it is as
old as the communication art itself. The transmission of pictures
electrically had its inception almost at the same time as straight
telegraphy, for in 1842 Alexander Bain, an English physicist,
first proposed a device te send pictures from one place to another
by electric wires. His plan is so basically correct that it is only
right at the start to show the simplicity of his plan and how, gen-
erally, we are all following in his footsteps. He had, as is seen in
Figure 1, two pendulums which were arranged electrically in

FiGuRE 1-Copy of Bain's Original Patent

such a manner that if one preceded the other by a slight
amount of the time of a stroke it was held until the other had-
reached the same position, when both then started a new, stroke.
These swinging pendulums were the basic synchronizers which
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are necessary in any picture work. On each swing, a tablet de-
scended a notch at a time at the side of the pendulum. At the
transmitting station the swinging arcs of the pendulum carried a
small contactor which rode over type faces making the appro-
priate electric contacts to be transmitted to the distant receiver
where a similar swinging pendulum was tracing a path across
a piece of paper. By chemical action, the electricity received
from the transmitter would discolor the paper at the receiver
to give an impression of the original.

We have here the basic elements of all picture transmission.
First, the synchronous action covering a surface point-by-
point at both transmitter and receiver, and the electrical identi-
fication of the point value to correspond between transmitter and
receiver.

As it has taken more then eighty years from this initial step
to anything approaching commercial reality, there must be some-
thing basically difficult in the process.

There have certainly been one thousand workers in the field,
and surely it would seem that all of the fundamental conceptions
of solving the problem had been realized by this time. However,
it is safe to say that present successes are largely due to the won-
derful strides that have been made in recent years in the produc-
tion of more accurate instruments, which have given present-day
workers in this field a far greater storehouse from which to draw
upon in the accomplishment of the problem. Naturally many
transmissions of pictures have been made and successfully, too.
The fact that ours may have gone greater distances is only be-
cause that is what we were requested to do.

THE START
Mr. Owen D. Young, Chairman of the Board of Directors of

the Radio Corporation of America stated, at a banquet, that he
was tired of all the arduous effort behind a twenty-four-hour job
of sending radio messages by telegraphy from a transmitting
operator to a receiving operator who put down the letters one by
one at a distant point. Instead of this, the new possibilities of
radio should make it feasible for us to say: "ZIP, and a page of
the London Times is in New York City." "Not being an en-
gineer," he added, "I am not interested in the details; that is your
job." If he had perhaps known, or if we had ourselves known, of
all the griefs that others had gone through, perhaps we might have
hesitated treading on such fearful ground. But, fortunately for
us, our knowledge of the basic art developed apace with our study
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of the problem, and we found ourselves living through all the past
lines of thought of these many investigators, in rapid succession.

Figure 2 is a Denison facsimile of telegraph tape taken in 1901.
Figure 3 is an example of the Korn system taken in 1922. Figure

FIGuRE 2-Denison Facsimiles of Telegraph Tape

4 shows the result of the Belin system transmitted in 1924, and
Figure 5 is an example of the Jenkins process in the same year.
Figure 6 represents the Ferree process in 1924, Figure 7 the Bart-
Lane system in 1922, and Figure 8 the A. T. & T. Co. in 1925.

FIGuRRE 3-A Picture of Mr. Korn FIGuRE 4-A Picture of Gen-
that was sent from Munich to Rome eral Pershing that was sent by

by the Korn System, 1922 Belin's Asycerations

EcONOMICS
In view of the widely diversified attacks on the problem pre-

viously we soon realized that our main work was, to produce an
economic solution rather than essentially the purely mechanical
problem of producing a machine that would work.

It has taken 80 years from the first inception to come to com-
mercial operation due to the fact that it is inherently a more dif-
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ficult proposition to send a picture than it is to send a telegraph
message, or the voice.

Picture transmission requires exactly what these two other
transmissions do, which is to depend on an intensity variation

FIGURE 5-A Picture of William Jen-
nings Bryan that was Transmitted by

the Jenkins' System in 1924

with time; but it must do the additional job of indicating the points
on an area for which these values must be represented. Further-
more, whereas with the eye a whole picture is taken in at a glance,

FIGURE 6-This Picture was Transmitted by the "Ferree"
System in 1924

due to the fact that there are separate eye nerves for each portion
of the area covered in the picture, in communication channels we
are naturally restricted to taking a point at a time for each commu-
nication channel. If there happensto bemorethan one communica-
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tion channel available, naturally more than one point can be taken
at a time. But communication channels, that is, wires or radio
circuits, are not available in such large numbers as to permit joint
operation over several. Usually, it has seemed wiser to try to get
the most out of one channel only. This means, therefore,
that it takes a measurably greater time to cover a picture from
point to point.

Two LINES OF ATTACK
In order to keep a fresh viewpoint at all times and not to get

into a cul de sac with any single one, it has always been our plan

FIGURE 7-Sample of FIGURE 8-One of the Views of the Presidential
Cable Picture Trans- Inauguration that was Transmitted from Washington
mission by the Bart- to New York by the A. T. & T. System in 1925
Lane System, 1922

to have two methods on trial for each essential of the picture devel-
opment. It has been the old story of "the survival of the fittest."
It takes will-power to throw away the results of months of work
and time and money, when it is evident that a line of attack does
not have the earmarks of success. But having two lines of attack
at all times, we have realized this perhaps a little more readily,
and as a result have built up quite a graveyard of dead ideas,
and we trust a living survivor of merit.

PICTURE SHORTHAND
Morse's wonderful contribution to communication was not

alone, as most seem to think, the development of a telegraphic
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machinery or equipment, but largely the development of the
telegraph code. Any number of telegraph devices had been con-
structed before Morse, but they did not have the economic prac-
ticability of an all-round system which would get words across
in a short space of time.

How successful Morse was may be realized when, today, it
is an established fact that the Morse code, representing letters
by the dots and longer dashes, is still the most economical way
of getting a given amount of words from one point to another,
in the shortest time, with the least power, over the greatest dis-
tance, and through the greatest amount of interference.

Of course other means of sending words have been produced,
typically, the telephone; but it requires, as you may all well
realize, a higher quality of wire service and perfection in apparatus
to accomplish the higher speeds realized in words transmitted
by the voice. The same thing is true of many other systems pro-
posed and in use wherever better facilities are available.

As soon as we realized the economic angle of our problem we
began to look for a picture shorthand. It may well be mentioned
at this time that our whole problem was largely one of realizing
what confronted us and what our real aim was and then the
answers began to come easily.

Practically every system to date has been, and still is, on the
basis of dividing the picture up into small unit areas and to trans-
mit their values one after the other. This is exactly the plan
that would occur to any one knowing the success of the usual
half-tone process of printing a picture as in a newspaper. Figure
9 shows this half-tone effect, and it will be seen that there is a
regular grading in the proportionate size of the little squares to
the surrounding area from the lightest portion to the darkest.
Naturally a picture transmission system which would duplicate
this would seem to be all that was necessary. But when we realize
that the usual newspaper half-tone (and none too good a one at
that) has at least 65 dots in a row for an inch, or more than 4,000
of them to a square inch, the size of the job becomes apparent.
Let us assume that we wish five tone values to each of these dots,
we may then describe this, arbitrarily, as requiring five photo
units for each of these dots, or some 20,000 photo units to the
square inch. In other words, it requires the ability to transmit
from one point to another in identifiable shape 20,000 photo
unit pulses per square inch. Naturally, this can be done on any
circuit if you have time enough, and if it is a particularly good
circuit it can be done in a very short time. The ratio between

166 RICHARD H. RANGER

Authorized licensed use limited to: Technische Universiteit Delft. Downloaded on November 17, 2009 at 05:09 from IEEE Xplore.  Restrictions apply. 



TRANSMISSION AND RECEPTION OF PHOTORADIOGRAMS 167

the speed of transmission available and this quantity of units is
the limiting factor.

On high-class telephone circuits we can readily send 200 such
photo units in a second; but in the usual telegraph circuits such
speeds are quite difficult, the fastest usual speeds being some 75
separate pulses a second, and normally around 30 or 40 impulses
a second. The telegraph circuit, wire or radio, is a slower moving
but further carrying message channel.

It is thus seen that, analyzing in this way, the usual method
of picture transmission has found its serious drawbacks in the
number of pulses that have to be put through; and the precision

FiGURE: 9--A Fundamental Specimen of "Komn's" Work in 1922

with which they have to be put through; and the time that it
takes to put them through.

Search for a shorthand method of accomplishing the same
results was then started. Our first effort in this direction con-
sisted in the variable dot-spacing method. Obviously, if we
place a group of dots on a piece of white paper and space them
widely, we will get an impression of practically white. If we
place them close, we approach black. This is what we did in our
first shorthand attempt, making each dot of generally the same
size; although it worked out practically such that the individual
dots widely spaced were a little lighter than thos'e grouped
together. These dots by their grouping constituted the shades
of the picture. The dots were so chosen that in size they would
occupy a space of approximately one-fourth of the 64th of an
inch as being the usual newspaper standard. One such dot per
64th of an inch would then give an impression of gray color. If
they were spaced further apart, this gray color would give way
to white. If they were spaced closer together, the gray would
become darker up to almost black for the deepest portions. The
spacing then was approximately two to each 64th of an inch.
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