TRANSMISSION AND RECEPTION OF PHOTORADIOGRAMS*
BY
RICHARD H. RANGER
(RADIO CORPORATION OF AMERICA)

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, generally, 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 hadreached the same position, when both then started a new, stroke.
These swinging pendulums were the basic synchronizers which
* Presented before TEI INsTrrurT
oF RADIO ENGINEERS, New York,
June 3, 1925. Received by the Editor, October 5, 1925.
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are necessary in any picture work. On each swing, a tablet descended 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 appropriate 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-bypoint at both transmitter and receiver, and the electrical identification 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 something 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 wonderful strides that have been made in recent years in the production 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 because 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 engineer," 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 BartLane system in 1922, and Figure 8 the A. T. & T. Co. in 1925.

FIGuRRE 3-A Picture of Mr. Korn
that was sent from Munich to Rome
by the Korn System, 1922

FIGuRE 4-A Picture of General Pershing that was sent by

Belin's Asycerations

EcONOMICS
In view of the widely diversified attacks on the problem previously 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 commercial 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 Jennings 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. Furthermore, 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 communication 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
Cable Picture Transmission by the BartLane System, 1922

FIGURE 8-One of the Views of the Presidential
Inauguration that was Transmitted from Washington
to New York by the A. T. & T. System in 1925

to have two methods on trial for each essential of the picture development. 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 constructed before Morse, but they did not have the economic practicability 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 distance, 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 proposed 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 transmit 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
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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 consisted 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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Under these conditions it is realized that we have gone from the
necessary five values for each 64th of an inch of the older systems
to two values for each 64th of an inch, and have therefore realized
a shorthand of a ratio of approximately five to two. Naturally
we had the idea of what we wanted in the way of this dot concentration before we had the actual means for accomplishing it,
but we were not long in finding a circuit which would give us this
photographically and automatically.
DOT-DASH PLAN
Not satisfied with the shorthand already accomplished, we
carried the process a step further. Now we start from separately
grouped dots in the white end of the scale, and come up to the
densely concentrated dots as before. But this time the receiver
drum is given twice the speed of the movement, so that the spacing which formerly gave almost a black, now gives a middle gray.
Then to accomplish the further deepening to the black, we lengthen
out each of the dots grouped closely together so that they become heavier and heavier, and finally for solid black we
have the transmitter held constantly. Many adaptations
of our first plan could be suggested, but after trying many
we came to a few, one of which consists of a balanced
arrangement such as many are familiar with in the usual
push-pull type of amplifier. In Figure 10 one side of the outfit
works in the progression from white to gray and the other side
works in the light progression from gray to black, with a slight
overlap at the center.
The reduction that this shorthand accomplishes over the previous method is 2 to 1, so that, over all, a 5 to 1 improvement has
been made. This means that with a fixed available speed for the
transmission of individual units, by this process five times the
area can be covered in the same length of time. Furthermore,
a wide range of tones is secured without abrupt changes from one
tone to the next. The individuality of the alignment of the sharp
edges can be made very precise providing the synchronizing of
the motors is sufficiently accurate.
And what interested us more than anything else was that we
seemed to be entering on a new form of art. No doubt many
will look on this as rather a bold expression, but it is the very
boldness of our pictures which carries them across. While it is
true that they leave considerable to the imagination, this is
inherently true of art, and it is an interesting thing that the more
that one sees of this type of picture the more one sees in any
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given example. Naturally, when the pictures are reduced in
size, the artistic effect is greatly enhanced.
PHOTOGRAPHY
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FIGURE 10

that would be normally classed as thin, is the best for our purposes. In actual measurements we have found that a film whicb
varies in its ability to transmit light from 25 per cent. at the
darkest portions, to 80 per cent. at the lightest portions, gives
us best results. Naturally, it would be by chance that a film
produced in the usual manner would be of a value best suited
for transmission.
To organize our operations on a practical basis we have
therefore made a very, extensive study of photographic copying.
We have found, for example, that with a given fixed original, it
is possible to get a wide variation in the transparency of the
copy from this original by changing either the exposure time in
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our copying camera, or the development time. Also it is possible
to get a still wider variation by using different types of films.
These facts have, of course, been known, but mostly in a rule of
thumb way. Curves have been developed which show the effect
of changing the time of exposure in seconds, with a constant
development; the effect of changing the time of development in
minutes, with a given exposure; the effect of changing to a different film giving a very flat contrast; also other curves, accentuating the contrast.
From these curves as a starting point it is possible to obtain
a wide range of values by proper selection. These have all been
classed in the five sets of curves about a particular point to show
just how the variations can be obtained, (Figure 11). For
example, we will suppose that the original from which we are to
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FIGURE 1 1-Summarized Density Chart

make a copy centers about a value of nine-tenths in density.
It is then seen that if it already covers a wide range of values
from this as a center, we can use a flat curve with a two-second
exposure and 234-minute development. If it covers a less
range, we can use a different type of film with eight seconds of
exposure and 1y2-minute development. The same type of film
can be modified by giving it a shorter exposure and in turn, a
longer development, to make the curve take up different positions, and finally, by using a special slow-process film, we can
obtain the required transparency with only a very slight density
change available in the original. Naturally, it would not always
be possible for the original film to center about a point such as
nine-tenths, and we have therefore also shown on this curve how
the whole process may be moved to the left or to the right by
changing the exposure and using the same development. This
information has been drawn up in a single table, so that the
practical operator can obtain from any given original the copy
which will have the exact range desired.
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9. FIRST APPARATUS

We will now come to the concentration of the apparatus we
use. Basically, we must start with a photograph. This photograph is conveniently in the form of a film such that it may be
placed around a glass cylinder, as shown on the picture of the
original transmitter, Figure 12. A powerful light is on the

FIGURE 12-The First Photoradiogram Transmitter,
1924. This Unit is now in London

inside of this cylinder. To give an idea how powerful this light
is, a few figures are cited:
The Incandescent Gas Mantel has 35 c.p. per square inch of surface.
The Carbon Filament Lamp has 400 c.p. per square inch of surface.
The Metallic Filament Lamp has 1200 c.p. per square inch of surface.
The Nernst Lamp has
2500 c.p. per square inch of surface.
The Gas Filled Lamp has
12000 c.p. per square inch of surface.
The Gas Arc has
15000 c.p. per square inch of surface.
The Sun
900000 c.p. per square inch of surface.

Naturally it has been one of our main problems to find the very
best materials available for each and every part of the system.
This has been made easy by the ready reception we have received
from everyone, such as lamp manufacturers, ink manufacturers,
fountain pen, paper, camera suppliers, etc., and others affiliated
in this work. May I state what a pleasure it has been to have
had such a wealth of material offered us in this work.
10. REVOLVING CYLINDER

This strong gas arc-light is in the inside of the glass cylinder
and sends its ray by lenses through the film placed on the cylinder
to a motion picture lens focused on the film which throws an image
of the film onto the photo-cell, point by point. As the cylinder
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revolves, each portion of the picture is shown progressively to
the photo-cell. The photo-cell is then moved bodily down the
cylinder length so that the whole picture is gradually built up
line upon line.
Figure 13 is a view of the commercial type of transmitter of
the present time.

FIGURE, 13-The First Commercial Type of Photoradiogram Transmitter, 1925

11. PHOTO CELL

In the camera box (Figure 14) is the electric eye, the photocell, which is a device for interpreting light values in terms of
electric current. I believe it was Shelford Bidwell who first suggested the use of light sensitive electric valves for photo transmission work. Many others since then have contributed to this
plan, notably, Elster and Geiter in Europe. We are indebted to
the General Electric Company and to the Westinghouse Company
for the excellent photo-cells they have developed for us in this
work. Basically, the idea of the photo-cell is that a high voltage
is applied to the cell, almost sufficient to ionize it. Photo-electric
action is realized when light strikes a photo-cell such that the
potassium hydride which lines the inside surface of the cell is
ionized and electrons pass from the potassium hydride to the
cathQde in the center of the cell. Highly attenuated argon gas
fills the inside of the cell which increased the ionizing effect
materially, so that an.appreciable current flows through the cell
with the action of the light to the extent of some two microamperes. This current, of course, must be greatly amplified,
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which is done by the use of the three-electrode vacuum tube.
This is shown on the attached circuit, Figure 15, where the current is caused to pass through a high resistance, R, which causes
voltage variations to be applied to the grid of the vacuum tube.
This amplification might be carried on in further steps in the
usual manner. However, for our first dot concentration plan this
was quite sufficient in itself to give effective results. This is

FIGURE 14-This View Shows the Photo-cell ifl the Photocell Box

arranged by having a vacuum tube with its grid thus controlled
by the photo-cell, with its plate current supplied through a condenser charged at intervals. These intervals are determined by
the rate at which the condenser discharges. In other words, a
sort of low-pressure valve is arranged such that when the condenser discharges to a certain extent, the plate battery is again
connected to the condenser to charge it up to the maximum value.
This is accomplished by having a large* C battery connected to
the high side of the condenser so biased that the plate voltage
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must fall below a given value before a second three-electrode
tube stops drawing plate current through its plate. This second
plate current is carried through a relay; while the relay coil is
energized the contacts are open, but when the relay falls back
against the contacts the charging B battery pulse is sent on to
the condenser.
_Z7- I c 7NH07

_

121~~~~~~~~~~~~~~ -IE

FIGURE 15

It is thus seen that the time interval between the successive
charges of the condenser is determined by the rate of the platecurrent flow in the first vacuum tube, and as this is in turn determined by the photo-cell current, we have a direct interpretation of the light action in terms of the relay closing. This relay
closing can be used to activate telegraph lines or a telegraph
radio circuit.
12. C LIGHT
As an interesting adjunct to our photo-cell operation we may
mention the use of an additional light beyond the normal illumination obtained through the film to be transmitted; this we have
termed the C light, Figure 16, corresponding in its action very
much to the C battery used in grid amplification. The use of
the C light makes it possible to operate the photo-cell itself more
effectively, where it, in conjunction with the amplifiers, gives a
more perfect straight line characteristic to the reproduction
current values.
13. SYNCHRONISM
For synchronizing, we have adopted the tuning fork as giving
us the appropriate constant rate of rotation to actuate our devices both at transmitter and receiver. By the addition of clock
check control we have found it possible to obtain uniform speeds
at each end, where the clock controls act as a check on the tuning
fork. Aside from using clock control we have also used dashes

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

TRANSMISSION AND RECEPTION OF PHOTORADIOGRAMS

175

at the end of each stroke, which work very well to keep the receiving cylinder moving correctly with respect to the transmitting
cylinder.

FIGURE 16

14. THE RECEIVER

For the receiver there are many available plans, but we have
concentrated on the production of a daylight operation program
which involves the use -of something in the order of an ink record
on paper. It is seen that this dot plan fits in very readily with
an ink record. It is only necessary to have the recording pen
mark on the paper whenever a charging pulse starts at the transmitter. The connection between the transmitter and receiver
may be either by telegraph or by the regular radio telegraph.
Figure 17 is a close-up of the original receiver with most of
the auxiliary apparatus excluded. A is the motor which is maintained at constant speed through the medium of the tuning fork
G and associated apparatus. B is the reversing cam for changing
the direction of rotation of the drum C upon which the reco'rding
paper is placed. D is the pen which is supplied with ink from the
well E for reproducing the picture as it is received, in the form
of dots and dashes. F is the box for the film by means of which
it is possible to obtain a photographic record at the same time
the visible record is being made.
Figure 18 shows the modern type of photoradiogram receiver
which is capable of making two pictures at the same time.
15. STATIC

The question of transmission to a distance is always one of
obtaining sufficient desired signal strength to override the effects
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of disturbances. This is true of all wire lines and cables, as well
as radio. It is in this element that the telegraph wins, due to the
fact that it is in a sense a trigger device, where the current is
either on completely or off completely. Under these conditions

FIGURE 17-The First Photoradiogram Receiver which is still in
the Design Laboratory of the Radio Corporation of America in New
York, 1924

it becomes easier to identify electro-mechanically the times
when the current is on and when it is off, than to attempt to
analyze the variations in current strength. That is why it is

FIGURE 18-First Commercial Type of Photoradiogram
Receiver, 1925
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possible to get radio telegraph signals across the ocean at practically all times whereas even considering the smaller amount
of power used, I am sure it is appreciated that broadcast telephony, for example, is badly interrupted by static and fading
over much shorter distances. By interpreting picture values in
dots and dashes, where the full current of the radio transmitter
is on even for the shortest dot, we have taken full advantage of
this telegraphic supremacy to carry a picture to the greatest distance. Furthermore, it fits in most readily with the relaying operation. This we first made use of on July 6th of last year when the
following picture of Secretary Hughes, Figure 19, was sent from
New York by wire line to New Brunswick, N. J., thence by radio
to Brentwood, England, then into London and from there by
wire line back to Carnarvon, Wales, thence back by radio to
Riverhead, L. I., and back into New York City. This picture

FIGURE 19-First Photoradiogram,
New York to London, Back to New
York, July 6, 1924

is the result of this very involved journey. No picture was
recorded in England, but it showed the effectiveness of our
system at that time, so that when the apparatus for transmitting
was sent to London the very first pictures came through successfully.
16. SOME EARLY PHOTORADIOGRAMS
The first public trans-Atlantic demonstration of the transmission and reception of pictures by radio took place in November,

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

RICHARD H. RANGER
178s
1924. The photoradiogram transmitter was located in London.
The signals from this apparatus were put on the 220-mile land
line to Carnarvon, Wales, at which point they actuated the
control relays of the high power radio transmitter there. These
radio signals from Carnarvon were picked up at Riverhead,
Long Island, amplified, heterodyned, detected and sent in to
the New York office of the Radio Corporation of Anmerica as
audio frequency dots and dashes. These tone signals were again
amplified at the New York office, then rectified and applied to
the photoradiogram receiving equipment.
-In the spring of the following year (1925) a photoradiogram
transmitter was installed in the offices of the Radio Corporation
of America at Honolulu. On April 29th, 1925, pictures were
successfully transmitted from Honolulu and reproduced in the
New York office of the Radio Corporation of America.

17. COMMERCIAL USES
Naturally, all this work has a purpose in view, and, of course
the news field is the most immediate. There are two angles,
however, to the newspaper situation: first, is the unusual picture,
and the other is the general news picture. Naturally, a business
can not be built up around earthquakes. Therefore, it must be
a case of supplying regular service to groups of papers that this
service will become worthwhile. However, it is interesting to
see to what extent the unusual picture will force news activities.
I have received the following advice as to two particular instances
of the unusual picture situation:
Some examples of the need for radio pictures are to be derived
from news events of the past year. The earthquake in Japan
was the cause of one of the greatest races between news-gathering
agencies in modern times. The representative of one agency
had flown from a Chinese port over the stricken area, taken
several desirable photographs, and then returned in time to mail
his results on a Pacific Mail steamer sailing from Shanghai. His
competitor had been forced to make the trip to Japan by both
air and water and arrived some twenty-four hours after the
steamer had sailed. Chartering a seaplane he made a dangerous
four-hundred-mile trip to sea in order to drop his package of
film on the ship. Successful in this, the race was tied until
Vancouver was reached, where two speedy planes awaited the
ship's arrival. From there, across the continent it was a freefor-all race, one leading and now the other. Eventually, the
pictures were delivered in New York with but a few hours' difference in time. Had a radio picture service been available, but
a few hours would have transpired instead of the many days to
transport the scenes of this disaster. The cost ran up into
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thousands of dollars and many New York papers paid as high
as five hundred dollars for pictures weeks old.
One picture-gathering agency sent a representative around
the world with the Army fliers. Traveling in many different
ways and even stowing himself away on one of the the planes,
he was handicapped in keeping his service supplied with pictures
from three to six weeks old. With a world-wide radio picture
service it would have been but a matter of hours. With the
public desire for pictorial news becoming more pronounced
yearly, it is only natural that a demand for foreign pictures with
foreign news items be met through radio pictures.
A very effective use to which photoradiograms will be put is
distinctly in line with the original work of Alexander Bain, as
emphasized in our particular development by Mr. Young, and
that is, transmission of words printed, typewritten or hand
written. As an example of printed material may be mentioned
a clipping taken from a Honolulu newspaper and transmitted all
the way to New York by relay through California, in May, 1925.
Tabulated material is particularly suited to such transmission
and most difficult to accomplish by normal telegraphy. Drawings, signatures, fingerprints, and all such are a fruitful field for
radio pictures.
Naturally, there remain many refinements necessary in this
work, but it is largely a question of making the equipment continuously serviceable. To this end we have made both transmitter and receiver such that the operations may be continued
without interruption between pictures, and with the equipment
now set up and working both eastward across the Atlantic and
westward to California and Honolulu, it is only a question of
time when the mechanics of the operations will have been sufficiently worked out by the operators, who have to combine all
that went before, in a way of radio technique with mechanical
and artistic appreciation as well, to make photoradiograms of
the highest service to everyone.
SUMMARY: This paper carries the art of electric picture transmission from
its inception, over 80 years ago, to the results of present-day development.
It is pointed out that the seemingly rapid strides that have been made in
the art during the last 10 years of its 83-year existence may be attributed to
the larger storehouse of electrical and mechanical contrivances from which
modern photo-transmission engineers may draw.
Picture transmission is not, as many think, a modern art. It is as old as
the communication art itself and this paper carries us through the work,
ancient and modern, of photo-transmission engineers, commencing with that
of Alexander Bain in 1842.
A Denison facsimile of telegraph tape, taken in 1901, is shown, together
with examples of the work of Korn taken in 1922; that of Bart-Lane in 1922;
Belin, 1924; Ferree, 1924; Jenkins, 1924; and results of the A. T. & T. system
in 1925.
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The basic elements of all picture transmission systems are shown to consist of synchronously covering a surface, point-by-point, at both transmitter
and receiver, and electrically identifying point values at the receiver so that
any integral section of the received copy will have the same relative tonal value
as the identical integral section on the transmitting surface.
Economics is as important a factor in the transmission of pictures as it
was in the establishment of a telegraphic system of communication, and the
reason that the Morse Code still exists is because it is the most economical
means of getting a given amount of words from one point to another, in the
shortest time, with the least power, over the greatest distance and through
the greatest amount of interference.
The necessity of a picture shorthand was visualized and developed.
Whereas the usual newspaper half-tone has 65 dots to the inch and 5 tonal
values are desired per dot, making a total of 325 photo-pulses per inch, the
picture shorthand developed in the "photoradiogram" system reduced this
to 65 photo-pulses per inch giving a reduction or shorthand ratio of 5 to 1.
The photographic angle of the problem is touched on lightly and the
11,000,000-mile-a-minute flight of the picture pulses from the transmitter to
the receiver are followed through their several transformations in "slowmotion."
The development of this system of picture transmission is shown graphically by examples of photoradiograms taken from epochal stages in the
course of the development.
The commercial possibilities of this system are discussed, and in closing
it is pointed out that one very immediate and effective use to which photoradiograms will be put is in the transmission of words, printed, typewritten
or handwritten.
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