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FOREWORD

THE present generation has seen the birth and

growth of wireless telegraphy from a scientific novelty

to a vast industry.

From the first experiments of Hertz in 1888 to the

present day covers a period of forty years, and during
those forty years it can be said that the whole outlook

of the man in the street towards science has undergone
a fundamental change. We have at the present

time a great public interested, and intelligently

interested, in scientific subjects, and a new literature

has sprung up catering for this body of people. This

literature deals almost exclusively with the many
branches of wireless and depends for its appeal upon
the listener-in. If no other benefit has been conferred

upon humanity by the development of radio com-

munication, the introduction of this interest in science

to a public which had hitherto been apathetic would

in itself be no small benefit.

The Shorter Catechism defines man's chief end as

the glorification of God, the American Constitution

more prosaically defines it as the pursuit of happiness,

while in these days we might prefer to describe it as

the pursuit of truth. Where better can we seek for

truth than in scientific research ? Sport, Business,
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Art, Music, and all the other avenues into which man
directs his energies, are tainted with commercialism,

self-interest, passion, and emotion.

In introducing the public to science, wireless

broadcasting has somewhat regrettably, but inevitably,

given a preponderating, in fact an almost exclusive,

interest to the study of phenomena connected with

high-frequency electrical oscillations. Other branches

of science unconnected with wireless have been almost

completely ignored. To-day it would be difficult

to find a household in which at least one member could

not give a lucid distinction between a volt and an

ampere, but the same state of affairs does not by any
means prevail regarding optics, chemistry, and

mechanics, and the young gentlemen who are so

familiar with volts, amperes, microfarads, and henries

are frequently totally ignorant of the most fundamental

principles of those other branches of science, and

would, for example, be unable to define the functions

of a lens or a prism. Television, unlike Wireless,
covers optics, chemistry, mechanics, in fact every
branch of science, and introduces its devotee, not

only to physics, but also to physiology, demanding, as

it does, a knowledge of the physiology and psychology
of vision ; indeed, but for a purely physiological

phenomenon, retentivity of vision, Television, as we
know it to-day, would be an impossibility, and a study
of the human eye is essential to a clear understanding
of the principles underlying the electrical transmission

of visual images.
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Photo-electricity is another branch of the subject

which is of intense interest and importance. Weare

still in ignorance as to the true nature of light. In

some respects it behaves as if it were a corpuscular
emission ; other phenomena would appear to prove

conclusively that it is a form of wave motion. The

key to the elucidation of this outstanding problem

may well be found in the study of photo-electric

phenomena.
In the present work the author deals very fully

with the fundamental principles from which Television

was developed, and deals with them in such a way as

to interest the general reader without departing from

strict scientific accuracy. It is to be hoped that the

book will prove of the greatest assistance to those who
are commencing the study of a subject which perhaps
offers to the young scientific worker the most promising

prospects of any avenue of research.

J. L. B.

1928.
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PRACTICAL TELEVISION

CHAPTERI

INTRODUCTORY

SIGHT is, beyond doubt, of all the senses with which

man is endowed the medium through which he has

gathered and continues to gather most of his ideas

and knowledge of his surroundings and the universe.

Hearing is almost equal in importance, but the general
consensus of opinion would undoubtedly be in favour

of sight, for by it the mind is stimulated to a greater

degree than from any one of the other senses. More-

over, facts can be impressed on the mind by sight
much more readily than by the spoken or written

word. Actual seeing rivets the attention immediately,
and there is a tacit comprehension of what is unfolded

to view which is occluded by the barriers of language.
From the earliest times man has striven to improve

his means of visualising objects and things ; especially
those things that are normally altogether unseen.

There is little doubt that the use of the magnifying

glass as an optical instrument was known to the ancient

Greeks. Later, we know that a mechanical arrange-
ment of lenses for seeing distant objects, known as the

2 I?
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telescope, was constructed. Its actual date of dis-

covery is disputed, but as an astronomical instrument

it may be said to date from the time of Galileo, who by
its aid was able to see the spots on the sun, the moun-
tains of the moon, and Jupiter's satellites.

From this stage to the next, when a device for

utilising electricity in order that man might understand

and see by signs what was happening at remote

spots invisible to the eye, a considerable span of years

elapsed, but succeeding developments brought forth

the transmission of drawings and pictures which may
be regarded as the

" shadows of coming events cast

before." To-day we have the actual seeing of persons
and events rendered possible by means of apparatus
that would have astounded the contemporaries of

Galileo.

Tracing the development of the art as the various

stages were reached, although very interesting, does

not come strictly within the scope of this book, but

for the benefit of those readers who desire to have

for reference a short account of television research a

summary of the early attempts will be given in the

next chapter.

The Problem of Television.

The word television has now come into general use

in the English language as a term descriptive of the

instantaneous transmission of images of objects or

scenes by telegraphy, either by wire or by wireless.

The transmission of photographs by telegraphy is
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often confused with television, and it would be well at

the outset to distinguish clearly between the two

subjects. The telegraphic transmission of photo-

graphs is properly described as phototelegraphy^ while

the transmission of actual objects and scenes without

the intervention of photography constitutes television.

The transmission of sixteen photographs per second

gives a moving picture at the receiving station, but

this is effected by means of a film or kinematograph
transmission and does not come under the heading
of television, but under that of telekinematography.

In this book we propose to deal only with television,

as although there is a certain connection between

phototelegraphy and television, the methods at present
used in phototelegraphy are not applicable to television.

The discovery of means whereby we can see distant

objects and scenes outside the range of normal vision

and without regard to intervening objects or other

obstructions, such as, for instance, the curvature of the

earth, has long been the ultimate aim of the scientific

inventor. The application of electricity to seeing by
wireless has occupied the minds of quite a number of

experimenters who foresee in the wireless field of

research the discovery of a new wonder that will not

only interest and excite the imagination of the public,
but will also have commercial potentialities. If it is

possible to transmit sound and to talk over the ocean

without the aid of any material conductor like copper
wire, why should not sight be rendered possible in a

similar manner ? If electric waves can reproduce
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sound and speech in any part of America from a trans-

mitting centre in Europe, why cannot they be made
to reproduce rays of light, that is vision, on the other

side of the Atlantic by the adoption of similar suitable

means ?

First Stages of Solution.

The practical feasibility of such a problem having
been duly recognised, it has been attacked in a variety

of ways, the chief of which has been the pioneer work

of the successful transmission of photographs both

by wire and wireless phototelegraphy as it is

called.

Now there are no practical difficulties in the way of

transmitting a photograph or transmitting views of

actual objects by means of phototelegraphy over a

considerable distance either with or without wires and

reproducing a photograph or picture at the distance

station which bears an exact likeness to the original,

so that the achievement of successful phototelegraphy

is certainly a step in the right direction towards radio

vision.

A specimen picture transmitted over telephone lines

by this means is shown in Fig. i. A radio picture

transmitted across the Atlantic without wires by the

same means is shown in Fig. 2. It will be observed

that more detail is possible with the former.

Several methods of phototelegraphy are already in

good working order at the present day, notably those

invented by M. Belin, Professor Korn, and others, and
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short descriptions of the methods employed are given
in Chapters II and V.

The great drawback with phototelegraphy, however,

is the slowness of transmission a small picture takes

from five to twenty minutes to transmit, due to the

fact that only small portions of the pictures can be

taken one after the other until the whole picture is

completed.

Preliminary Lines of Research.

To obtain television, the scientist and inventor must

not stop at this stage, since the process of transmission

is tantamount to picture transmission and not wireless

sight of objects far away and out of range after the

manner of seeing objects within the range of our eyes.

The slowness of transmission, moreover, is accentuated

where phototelegraphy is concerned in the additional

time taken to develop and fix the light-sensitive films.

By increasing the speed of this method, however, and

making the transmission instantaneous, television in

its true sense has been accomplished.
It is along the lines of this character, then, but with

the object of finding out how to throw the image on

to a screen giving life-size pictures similar to those

seen at cinemas, that investigators have so far pro-
ceeded towards their goal. They have therefore

directed their attention to the study of ways and means

whereby existing appliances, both natural and artificial,

could be copied for the purpose of bringing out the
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desired results. One of the very first fruits of their

endeavours is given in Fig. 3.

Now in all inventions that come under the category

of aids to physical faculties it has always been the

practice of inventors to study first the methods nature

provides e.g. the lens of the eye is copied in the

Grand Glass
Screen

Object

1-fH
-pa

k

Lens

(a)

Retina -
Crystalline

ornea

Optic Nerve

A. Aqueous Humour V. Vitreous Humour
i. Iris Diaphragm.

FIG. 4. Comparison of Eye with Photo Camera.

telescope ;
the action of the drum of the ear is imitated

in the construction of telephone receiver, etc. Nature

has also been copied in the conquest of the air. Many

years were spent by various experimenters in attempt-

ing to fly, but it was not until the careful study of the

flying of birds had been undertaken that the problem

of flight was solved. So, too, in wireless seeing by



FIG. 3. One of the first Pictures received by Baird's
Television Apparatus.

[To face page 22.
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considering and copying the marvellous mechanism

of the eye the possibility of television is achieved.

The Eye as a Model.

It will be well at the outset, therefore, to glance

briefly at this remarkable piece of nature's mechanism,

since nat u re's

method of solving

her television pro-

blem has formed

the basis of many
television methods.

The eye is essen-

tially an optical in-

strument, and its

principle of con-

struction and work-

ing maybe followed

more intelligently

perhaps by making

comparison with an

artificial eye like the photographic camera. Compare
Fig. 4 (a) and ().

This comparison may be applied more closely by

considering the construction of the eye in greater

detail. In the vertical section of the eye front to

back shown in Fig. 5 we have the cornea in front,

behind which is the anterior chamber filled with a

watery fluid called the
"

aqueous humour " and

immediately behind which is the most important part

Cornea

A. Aqueous Humour
V. Vitreous Humour
i. Iris Diaphragm

FIG. 5. Vertical Section of the Eye.
Front to back.
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perhaps, the crystalline lens. Behind the latter in the

posterior chamber is the
"

vitreous humour "
a

watery fluid similar to the aqueous humour. The walls

of the eyeball consist of three coats, the inner coat is

called the
"

retina" a delicate membrane which is

really a fine network expansion of the optic nerve.

The structure of the eye may be likened to a photo-

graphic camera. The crystalline lens and retina of

the eye correspond to the convex lens and ground-

glass screen, respectively, of the photographic camera,

by means of which the picture, or rather the millions

of rays of light that proceed from the object to form

the picture or image, are thrown on to the retina

at the back. The latter takes the place of the ground-

glass screen or sensitive plate in the photographic
camera and is in communication with the brain by
means of numerous sensitive nerve structures.

A clue to the solution of the problem is found in a

close examination of the screen, which is called the

retina. The surface of this is found to consist of a

mosaic made up of an enormous number of hexagonal

cells, and each of these cells is directly connected to

the brain by a number of nerve filaments along which

travel impulses which are dependent upon the intensity

of the light falling upon the hexagonal cells. Exactly

how these impulses are generated is not at present

fully understood, but they are almost certainly due to

the presence of a light-sensitive substance named
"

visual purple," which flows through the hexagonal

cells. The images which we see are thus built up of an
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extremely fine mosaic of microscopic hexagons of

varying degrees of light and shade. The number of

these hexagonal cells is enormous. In a normal human

eye there are several millions.

This arrangement has been imitated by devising

apparatus whereby rays of light of varying brightness
when reflected from an object are projected, through
the intermediary of an electric current, on to a screen

at the receiving station. The variations in the

intensity of illumination of the object are controlled

by means of a light-sensitive cell which sends out

variations of electric current intensity to correspond
with the light variations.

Persistence of Vision.

While on the subject of the human eye it may not

be out of place to refer to the fact that the retina

continues to feel the effects of the light rays after the

object that caused the sensation of sight has been

removed. This phenomenon is called the persistence

of impressions or visual persistence the impressions

lasting approximately for one-tenth of a second.

Examples of this are quite familiar to us all and

advantage of the phenomenon is taken in television.

Thus a glowing match-end when swung round in a

circle appears as a bright ring of light, and not as a

single bright spot changing its position every moment.
Also the colours of a rapidly rotating disc that has

several different colours blend into one colour, and an

alternating current supply of electricity gives a steady
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light, the fluctuations of light that are actually taking

place being too rapid for the eye to detect them. The
reader will no doubt call to mind many other similar

examples and illustra-

tions that serve to show

how easily the eye may
be deceived.

The persistence of

impressions in the eye
last quite a perceptible

time, the images of the

brightly illuminated ob-

jects if the latter are

shown or presented for

only one-thousandth of

a second remain in the

eye for a whole tenth of

a second before they die

away. If, then, a second

impression is presented
to the eye before the

first has died away, the

effect will be the same

as that of seeing both at

once. An experimental

verification of this principle may be carried out by

drawing on one side of a white card the outline of a

bird-cage and on the other side a bird. If the card

be held by means of two strings as shown in Fig. 6 and

then twisted or twirled by blowing on the card so

FIG. 6. Illustrating Persistence
of Impressions.
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as to cause rotation, the effect will show a bird in the

cage. Again, if a disc with a number of small holes

perforated in it be placed in the slide of a lantern, the

holes as separate spots of light will be seen on the

screen ; but if the disc is rotated rapidly upon a pin

fixed at its centre, each little hole is no longer seen

separately, but there is a continuous luminous line

shown on the screen (Fig. 7). The eye, fortunately

for the success of television, has a
"

time lag," and

Mtflttltllltl

FIG. 7. Another Illustration of Visual Persistence.

the images therefore need not actually be transmitted

instantaneously; when they are transmitted at the

rate of eight per second, the transmission appears to

the eye to be instantaneous.

In television eight images per second are trans-

mitted
;

these images, it should be clearly understood,
are not photographs, but images of the actual living
scene. The transmission of eight photographs per
second would not achieve television, but would be the

transmission of a cinematograph film, or telecine-

matography.
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The Principle of the Telephone as a Guide.

While the marvellous mechanism of the human eye
was being made the subject of study with a view to

the construction of an artificial eye that would convey
vision over distances outside the ranges hitherto

obtainable, Graham Bell and others were at work on

their methods of attaining the desired end. Graham

Bell, however, as we know, perfected the telephone
without achieving television, probably because the

problem of hearing from afar was simpler than the

allied problem of seeing from afar.

Immediately the details of the mechanism of the

telephone became known, several workers in tele-

vision research conceived the idea of adopting
the principle of the telephone to guide them in

their experiments. Hoping to solve the problem,
scientists and inventors proceeded to imitate the

electrical devices of the telephone transmitter and

receiver.

They maintained that just as sound waves when they

impinge on the sensitive transmitter (carbon granules)

of the telephone, thereby altering the electrical resistance

with each note and varying the electric current to be

transmitted, so the different variations of light and shade

of an object by means of a light-sensitive cell could

be transformed into varying electric currents that could

be transmitted to a distance ; and just as the currents

received by the telephone receiver cause the diaphragm
to set up vibrations producing sounds in the ear that



INTRODUCTORY
are faithful reproductions of the transmitted notes, so,

in television, the transmitted electrical currents could at

the receiving end vary the rays given off by a source

of light and reproduce a photograph or picture of the

object or scene transmitted.

By comparing the two diagrams in Fig. 8 which

Transmitter (a) Receiver

Sound
Waves

Sound
) Waves

Telephone

(b) Screen,

Lens Lens

Television

FIG. 8. Similarity of Telephone and Television methods.

illustrate the principle on which the arrangement could

be made, it will be seen how far their arguments were

justified.

The chief difficulty that presented itself in their

endeavours to accomplish this end successfully was

the provision of an artificial eye that would transmit

the image of the scene or object.
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Finding an Artificial Eye.

A fortunate circumstance aided investigators while

they were endeavouring to develop the idea of setting

up an artificial eye. An element that had been

known for a considerable time to chemists and electri-

cians as one that had a very high electrical resistance

as its chief property was discovered to be also very
sensitive to rays of light. When subjected to bright

light, its resistance dropped ; when placed in the dark,

its resistance rose. This element was Selenium, an

element which up to that time had not been brought
under notice very considerably. Here, then, were

all the requisite essentials for a device which could be

so operated that fluctuations of light intensity would

produce variations of electric current. For obviously,
if an electrical circuit in which the element Selenium

was incorporated could be made to carry currents

that varied in strength according to the variations

in light and shade that go to form a picture, the problem
would be solved. Other elements like potassium,

rubidium, etc., have since been taken into the service

of wireless seeing, especially in connection with photo-

electricity and photo-electric cells. These light-sensi-

tive constituents for the make-up of artificial eyes will

be discussed in detail later.

Since the time when some sort of chemical eye
was sought after, rapid strides have been made in

the technique of television, so that to-day there are

other aspects from which the solution of the problem
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may be viewed, and although no published results of

attempts have yet appeared, if any discoveries have

been made it is possible that one day light rays may
be transformed into electricity and back again into

light by one piece of apparatus. We have but to

consider phenomena revealed to us by modern

instruments and appliances like high-vacua pumps to

recognise this possibility.

Take, for example, the exploration of the very wide

band of electromagnetic waves consisting of eight

octaves between the ultra-violet rays and the Jf-rays.

The rays in question are so extremely absorbable by
matter that special vacuum spectrometers have to be

brought into use for their detection ; their existence

would still be unknown to-day but for the application

of the principle employed in the high vacuum pump.
It is quite possible that in the future fresh discoveries

and appliances will enable us to extend the field of

investigation and bring additional knowledge to bear

on the subject of wave-frequencies and the relation

of light rays to electricity so that science will be able to

transform the one into the other.

While on this subject, we may glance at the wave-

lengths, or rather frequencies, of light waves as com-

pared with the wave-lengths or frequencies of the

wave-bands that are utilised in electric transmission,

that is, the propagation of electric currents either in

conductors or otherwise. Electric waves are exactly

like light waves in that they can be reflected, refracted,

polarised, absorbed, and diffracted ; they differ,
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however, from light waves, in that their length may be

inches, feet, yards, or even miles, whereas light waves

measure a few millionths of an inch only.

Wehave reason to believe from the electro-magnetic

theory of light that the velocity of light is the same as

that of electricity, and this velocity has been estimated

at 186,400 miles per second or 30,000,000,000 cm.

per second in air or vacuum. Hence, knowing fre-

quency the wave-length can be deduced at once from

wave-length = velocity/frequency

i.e., A = v/f
where A is the wave-length, v the velocity, and / the

frequency.
In the case of an oscillatory electric spark lasting,

say, one five-millionth part of a second as seen by the

eye, there may be twenty successive oscillations each

lasting only one-hundred-millionth part of a second,

the frequency therefore is one hundred-million a

second; dividing 30,000,000,000, by 100,000,000
we get 300 cm. (or 10 feet approx.) as the wave-

length.

Now there is a very wide range of wave-lengths or

frequencies between the latter kind of waves and those

of all kinds of light, visible and invisible. This may
be seen at a glance by inspection of the values given
in the accompanying table.

How can we transform or convert these very small

light waves into electric waves and vice versa ? At

present we do not know. Two principal obstacles

stand in the way of achieving this object, first,



34 PRACTICAL TELEVISION

the extremely absorbable nature of light rays, and,

secondly, the impossibility at present of measuring
them. There is also another drawback, namely, the

difficulty of propagating light waves over a considerable

distance, even when obstacles do not intervene, due

to loss of energy during the process of propagation.



CHAPTERII

HISTORICAL

INVENTORS and others, inspired by brilliant and

(to them) original ideas, often throw away a surprising
amount of time and labour, because the historical

side of their subject is not or cannot be studied. A
little time spent in looking briefly at attempts made
in the past would save many an inventor from the

pitfalls which so often beset him.

One great advantage of studying or glancing

briefly at the historical aspect of the problem at issue

is that it gives the inventive mind a good perspective
view before setting out. It shows the technical

difficulties and sometimes the commercial aspects

whereby one may guard against the deficiencies of

preceding attempts and the more quickly surmount

the difficulties that have confronted other inventors.

Moreover, as one of the objects of a book should be

to inspire or excite action, the following summary of

what has been already essayed in the direction of

television is given in the present chapter.

The Pioneers.

The name of the early inventors is legion, and we
can only give a few of the more prominent workers

whose endeavours to transmit pictures and images by
35
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means of electrical apparatus reveal to us that experi-

ments with a view to transmitting pictures and writing

by electrical means took place so far back as 1847.

The researches that have now been going on for

more than a quarter of a century have gradually

unfolded ideas that have culminated in the desire

to view contemporaneously far-off events that are

happening, just as past events are pictured on the

screen at cinemas.

The first indications of a trend in the direction of

discovering means for electrical seeing are evidence in

FIG. 9. Bain's Chemical Recorder.

the embryo stage, when drawings, contours, and

diagrams were transmitted over wires by electric

current in 1862 by Abbe Caselli. This system was

in practical operation for several years between Paris

and Amiens. It was really a more elaborate form of

Bain's chemical recorder (1842), and Bakewell's

apparatus (1847), paper treated with cyanide of

potassium being marked by an electric current through

an iron point or stylus. Bain's apparatus is interesting

in that he used a form of copying telegraph as shown

in the illustration, Fig. 9. The letters to be trans-

mitted were actual metal types set up in a composing
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stick and connected to an earthed battery. Five

metal brushes, made up of several narrow springs

connected to the same number of lines were passed

over chemically prepared tape resting on an earthed

conducting plate. As and when the currents were

received over the line, marks were made on the paper
and a copy of the type faces at the transmitting end

was obtained. It was necessary for the two brushes

to move in synchronism.
Bakewell in 1847 followed in the wake of Bain

A>

A A/
Sending Recei/ing

FIG. 10. Bakewell's Apparatus.

with apparatus something similar in character. He
set up at the two ends of a telegraph wire two metal

cylinders (A and Av Fig. 10) which revolved in

synchronism, while metal needles, N and 7V2 ,
con-

nected to a battery traced out spirally at one end

a sketch drawn in shellac-ink, and at the other

end a replica on chemically prepared paper was

produced.
At the sending end the sketch was drawn on a sheet

of tinfoil wrapped round the cylinder, and a sheet of

chemically prepared paper was placed on the receiving

cylinder. When the needle TV^ came in contact

with a shellac line no current flowed, but when the
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needle was in contact with tinfoil (and, of course, the

cylinder) a current passed through the circuit, causing
a chemical mark on the paper on Ar

Edison improved on these methods in 1873 ^7

substituting a punched tape for the inconvenient

composing stick with metal type (see Fig. 1 1) and

previously in 1865 Messrs. Vavin and Fribourg pro-
duced a kind of monogram by their method as shown

(__ in the same sketch, the
ooooo oooo o ooo ooo 7 i r i i i j
oooo oo ooo elements of which could
goooo gooo g o 00 o 00

( Edison T873 ) i . , j j
letters it was desired to

^/ send. Mimault, a year

^-' later than Edison, also

followed the system of

^ ^ f
-\ having a chemically pre-

pared receiving tape. A
( Vavin & FribourJ 1865 )

pr ; nt ; ng leyer brought the

.

insulated block containing

49 pins, a suitable selection of pins connected to a

battery being capable of printing any desired letter.

The diagram in Fig. 12 shows the connections

for sending the letter " T."

We thus see that from the crude endeavours of

Bain and others to communicate electrically with

distant points by means of metal letters, hearing and

seeing from remote parts of the world as achieved

to-day have been developed. The growth may be

regarded in the light of a family tree, Bain's work





FIG. 13. Showing how a Picture may be drawn by means of Lines of

Varying Width.
[To face page 39.
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being the stem from which sprang branches, notably

telegraphy with its long and short signals in code,

and picture or photograph transmission with its

"
parallel lines

"
of varying width corresponding with

the dark and light portions of the picture (see Fig. 1 3)

FIG. 12. Mimault's Method and the Arrangement for Signalling the
letter

" T."

from which latter television eventually became an

offshoot.

This idea of transmitting drawings and writing

to distant points the forerunner of television con-

tinued to produce inventors as late as 1900-1901.
The Telautograph, an instrument for reproducing
actual handwriting at a distant station, and the Tele-

pantagraph, an instrument for transmitting actual
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drawings over considerable distances by means of

telegraphy, were placed under experiment in the

Electrical Research Laboratories of the G.P.O. during
that period.

It should not be overlooked, moreover, that even

the various types of oscillographs that have come
into use for recording purposes may be regarded as

simple elementary forms of televisors.

The Advent of Selenium.

Reverting to earlier times, stimulus was given to

television research in 1873, when it became known
that Selenium,

"
the moon element/' possessed the

property of exhibiting great sensitivity to light rays,

the announcement of this fact being first communicated

to the Society of Telegraph Engineers (now the

Institution of Electrical Engineers) by Mr. Willoughby
Smith. The notification of this property led to the

adoption and the use of Selenium in nearly all subse-

quent television research.

Many attempts were made during the following

decade to enlist this newly-discovered property of

Selenium in the service of television, but it was not

until M. Senlecq in 1877 brought out his
"

telectro-

scope," mainly modelled on Caselli's apparatus (Fig.

14), but with Selenium as an ancillary operating

device, that any real theory of television was disclosed.

In this apparatus the principle of reproducing by

electromagnetic means the effects of light and shade

that were cast on an object was adopted. This was
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to be accomplished by projecting the image to be

transmitted on to the ground glass of a camera obscura,

tracing it out by means of a Selenium point ;
when

transmission took place variations of current in the

latter were to cause the effects of light and shade to

appear at the receiving end. The invention was

regarded as so important a step in advance of its

:Brass Rails

Ebonite

Points of
Contact ~~r"~]

FIG. 14. Senlecq's Apparatus.

predecessors that several other workers, amongst them

Graham Bell, the inventor of the telephone receiver,

brought out similar inventions and apparatus. It is

perhaps noteworthy and remarkable that attempts
were being made to transmit pictures electrically at

the same time that attempts were being made to

transmit sound electrically, bcth problems being the

subject of investigation by the same genius, Graham
Bell.
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In 1880, Messrs. Ayrton and Perry and also Pro-

fessor Kerr published an account of their proposed
television system. Selenium cells were employed
in this system, all of which were worked with a multiple
wire (and multiple cell) arrangement, -each wire con-

tributing a small portion of the picture until the whole

was pieced together in mosaic form.

Ayrton and Perry's apparatus consisted of many
wires for transmission purposes, each wire having a

Selenium cell connected to it. At the receiving end,

a corresponding number of magnetic needles operated
in unison with the action of the Selenium cells, so

that each time a needle moved light passing through
an aperture was either shut off or allowed to pass on,

a kind of mosaic of the picture being built up by this

means.

In Kerr's apparatus, the same principle was adopted
at the sending end, but at the receiving end, instead

of the magnetic needles, electro-magnets with silvered

ends were illuminated by a polarised beam of light.

The currents received through the electro-magnets

rotated the plane of polarisation according to the

amount of light sent out.

Employment of Thermo-electricity.

It was in 1880 also that Middleton, of St. John's

College, Cambridge, announced his invention of

apparatus in which thermo-electric couples instead of

Selenium cells were employed in a multiple wire

transmitter. Corresponding thermo-electric couples



HISTORICAL 43

were fixed at the receiving end, which received the

radiant heat sent out at the transmitting end in the

form of reflection from the bright-polished surfaces

of the thermo-couples.
In America in the same year, not only did Graham

Chemically
Prepared Paper

Df'scsm

FIG. 15. Carey's Apparatus.

Bell take out patents for television apparatus, but

also Connelly and McTighe, of Pittsburg, and Dr.

Hick, of Bethlehem, Penn. the apparatus invented

by Hick was called the
"

Diaphote." Carey, an

American, in the previous year had also brought out

apparatus of the multiple wire type (Fig. 1 5), with the
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Selenium cell arrangement at the transmitting end

and an incandescent receiver containing carbon or

platinum elements (see Sci, Am., Vol. 40, page 309,

1879).

Shelford Bidwell, an experimenter on the properties
of Selenium, in 1 8 8 1 showed how that element could

be applied in improving the Photophone and in

telephotography. He contributed an account of
"

Practical Telephotography
"

in Nature in 1907 (see

Vol. 76, page 444).

Wireless Photography.

A gap occurs until more recent times, probably

owing to the disappointing results experienced with

Selenium in television pure and simple as apart from

picture photography. It is noteworthy that in 1908
Knudsen made the first practical step towards the

transmission of photographs by wireless.

De Bernouchi, of Turin, also had previously devised

a system for this purpose. He employed a method

whereby the intensity of a beam of light was varied

by passing it through a photographic film on to a

Selenium cell, the resistance of the latter varying at

each instant accordingly (Fig. 16).

Cathode-ray Systems.

Impetus was given to the pursuit of the trans-

mitting pictures by wire by Ruhmer (1891), Rignoux
and Fournier in France (1906), Szczepanik in Austria,

and Rosing in Russia (1907), who sought to achieve
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perfected results. Rosing made use of the Cathode-

ray in his apparatus and Mr. Campbell Swinton, in

this country at about the same time, designed quite

independently a Cathode-ray system of television.

These are mentioned as marking important steps

towards the solution of television. Improvements in

phototelegraphy have been going on up to the present

time with remarkable results.

In addition to the attempts made by the foregoing,

Drum Parabolic
Ref lectors

Light
Source

t\er lector s
)

^W* 1

]

Light
- Source

Drum

FIG. 1 6. Bernouchi's Method.

the pioneer inventions of Korn (1907) and of Knudsen

(1908) perhaps deserve special notice.

Korn s Experiments.

The first method of successfully transmitting

photographs was that of Professor Korn in Germany,
who made use of a circuit arrangement of which the

essential features are given in diagrammatic form in

Fig. 17.

The apparatus invented by Korn was afterwards

set up with certain modifications and improvements

by the Poulsen Company for the wireless transmission

of pictures. In view of the distinct advantage
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which characterises this invention from all preceding

attempts, a description of its working is given below,

although space forbids any details beyond the merest

outline.

In the figure, D is a revolving cylinder or drum on

which is wrapped a metal print, and when the stylus, Z,

traverses this, the receiving apparatus records by
means of a string galvanometer denoted by H, a

copy of the picture. A high frequency alternator or

Aerial\/ \/ Aerial

'ATI

Sending
Station

Thermo -

Detector

Receiving
Station.

FIG. 17. Diagram of Korn's Circuit.

Poulsen arc generator, X, generates continuous or

undamped waves. Tuning is effected by means of

the ATI, the inductance, L, and Condenser, C.

For transmission, Korn's apparatus consists of a

glass cylinder or drum, which revolves in a box on a

threaded shaft, thus giving it also a vertical motion as

shown in Fig. 18.

A source of light, L^ (for example, a Nernst lamp),

has its rays cast by means of a lens system so that

they intersect on the surface of the cylinder or drum,






















































































































































































































