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AUTHOR’S PREFACE.

THE friendly reception given by both the home

and foreign technical press to my little book,
“On Selenium and its Importance in Electro-
technics,” which appeared in the end of 1902, has
encouraged me to make known to wider circles the
researches and experiments which have been made
in Wireless Telephony up to the present.

In order to render the presentation of the subject
complete, notice has been taken of Light-Telephony,
and of the fundamental physical phenomena on which
it is based, especially in regard to its bearing on
more recent work.

The greater part of the second section is devoted
to a description of Electric Wave Telephony, the
recent advances of which are of the greatest promise,
and will on this account be of far-reaching interest.

In accordance with the frequently expressed
wishes of my friends, a large number of references
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vi PREFACE.

to the literature of the subject have been given
throughout the text, and in the name and subject
index at the end of the book.

May this latest little book receive on its publi-
cation the same reception as has been accorded to

my earlier ones.
ERNST RUHMER.

BERLIN, S.W,, 48,
15tk February 1907.
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TRANSLATOR’S PREFACE.

IRELESS Telephony is now as far advanced
in practice as wireless telegraphy was ten
years ago ; indeed, further, for in 1897 the greatest
distance to which a message had been transmitted
was under ten miles, while the latest record in wire-
less telephony is two hundred. Its theory also is
much more complete than was that of the elder
branch at that date. We may therefore look for a
much more rapid development than has taken place
in telegraphy, great as this is, and though telephony
without wires presents its own peculiar difficulties,
one would hardly be astonished if, within the next
decade, it should provide a means of transmitting
articulate speech to any quarter of the globe.

The present work is the first published attempt
to give a complete and connected account of the
subject. In view of this the author has avoided
technicalities as far as possible, so that his book may
be readable by all who take an interest in this
remarkable development of electrical engineering,
and in this the translator has closely followed the
original. Indeed, with the exception of the division
of the book into chapters and sections, and the
inclusion of a few new illustrations and references, no
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alteration has been made in the text. The trans-
lator is therefore only responsible for the matter
contained in the Appendix, and not for any state-
ments or opinions occurring in the body of the
work.

Among other questions of immediate interest,
the theory and practice of the production of per-
sistent alternating currents of high frequency by
means of the electric arc are thoroughly discussed.
The exceedingly puzzling and apparently contra-
dictory theories, of which so many have been
published, are given their proper places in a general
scheme, which accounts for and explains every type
of discharge intermediate between the spark and
the steady arc.  Owing to this alone the book should
be of value not only to amateurs and theorists, but
to those who have charge of the design and opera-
tion of wireless telegraph and telephone stations.

The book is well up to date; the author de-
scribing experiments as late as February 19o7, and
the translator in the Appendix to November 1907.
No apology is made for the inclusion in the latter of
extracts from a memorandum by Professor Fessenden,
one of the very foremost workers on the subject,
and from the report of an independent telephone
engineer on tests of his system, as the writer believes
that to those for whom this book is chiefly intended,
such matter is of more interest and value at first
hand than in any form to which he might reduce it.

In conclusion, it is hoped that readers will
recognise that the occasional omission of the actual
dimensions of apparatus is, as a rule, due to the fact
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that in consideration of the present chaotic situation
as regards wireless patents, it would in many cases
be unfair to inventors to publish numerical details
which might prove essential to the proper opera-
tion of their instruments, but which are in no way
necessary to an explanation of their principles and

action.
J. ERSKINE-MURRAY.

34 NORFOLK STREET, LoNDON, W.C.,
sth December 1907.
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WIRELESS TELEPHONY.

——

INTRODUCTION.

THE term “ Wireless Telephony” means, in general, the
transmission of human speech to great distances without
the use of a connecting wire between the sending and
receiving stations.

In the simplest case the air serves as carrier of the
sound waves, while the voice of the speaker is the trans-
mitter, and the ear of the hearer the receiver.

This kind of transmission is so usual to us that we are
hardly accustomed to look upon it as wireless telephony,
although, with this simplest of all systems, particularly
when aided by such well-known instruments as the speak-
ing trumpet, much greater distances have been bridged
than by many more complicated methods.* How astonish-
ingly well the ordinary method may work under certain
conditions is shown by the “whispering galleries” in
churches, and by similar phenomena. Still better results
may be obtained by employing the air as a transmitter
of sound waves if we use as sender and receiver instruments
which magnify, by electrical means, the volume of sound
transmitted and received.

By using parabolic mirrors of go cm. aperture, in the
focus of one of which a loud-speaking telephone acted as
sender, while a sensitive microphone, connected in usual

* See “ Short’s Gouraudphon,” Mechaniker, viii., p. 261, 1900, and
ix., p. 79, 1901.
A




2 WIRELESS TELEPHONY.

fashion with battery and telephone, served the purpose of
receiver in the other, the author has obtained satisfactory
results in calm air at distances of over 1,500 metres.

Attempts have also been made to utilise the conductivity
of solids and liquids for sound, of which we may mention
the use of water as the medium of propagation by Trow-
bridge, and its many practical applications to submarine
signalling (Elisha Gray and A. J. Munday).

The methods by which speech may be transmitted by
means of light and heat radiations are much more compli-
cated ; they may be called

RADIOPHONY.

The thermophone, Bell’s photophone, and light tele-
phony, with which we shall presently deal, belong to
this class.

We are, however, accustomed to think of wireless trans-
_mission as a purely electrical action.

The remarkable strides which have been made in the
knowledge of magneto-electric and electro-magnetic pheno-
mena have opened up to us many ways by which speech
may be transmitted through the ether without the assistance
of acoustical or optical aids.

WIRELESS TELEPHONY BY MEANS OF ELECTRICAL
FORCES.
One can distinguish in this connection, as in wireless
telegraphy, between various groups of methods, such as—
1. Hydro-Telephony, in which the transmission takes
#place by means of electric currents through the earth or sea.
2. Induction - Telephony, which employs electro-
magnetic induction.
3. Wave-Telephony, in which electrical waves serve
to carry the speech as light waves do in light-telephony.

Let us now turn to the consideration of the individual
systems.



PART L

WIRELESS TELEPHONY BY MEANS OF
LIGHT OR HEAT RADIATIONS.

CHAPTER L
THE PHOTOPHONE.

THE methods belonging to this group depend on the
alteration of the intensity of the light or heat radiations
sent out by the transmitting station (Photophony or
Thermophony). These variations of intensity are again
converted into sound waves at the receiving station. The
conversion may be effected electrically by utilisation of
the sensibility of selenium to light—a discovery made by
May, one of Willoughby-Smith’s assistants. The element
selenium, which belongs to the sulphur group, exists in
several modifications, but of these only the crystalline,
which may be obtained from the others by heating or
melting, is a conductor of electricity, and possesses the
peculiarity that its conductivity varies with the illumination.
In proper circumstances this form of selenium conducts the
electric current many times better when illuminated than
when in the dark.

The Linkage of Light and Electricity.—Smith de-
scribed this discovery of May’s very graphically in a letter
of 12th February 1873 to Latimer Clark, at that time
President of the English Institution of Telegraph Engineers,
in which he said :—
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“With the assistance of the microphone one can hear
the footsteps of a fly as loudly as if it were the trampling
of a horse on a wooden bridge, but it strikes me as much
more wonderful that by means of a telephone I can hear
a ray of light falling on a metal plate.”

On account of the high resistance of the preparation of
selenium, and hence the difficulty of experimenting, and
also in order to take the greatest possible advantage of
the influence of the light, the so-called selenium cell de-
scribed by Werner Siemens in 1875 is used. We shall
not go into the details of its construction here.*

The Photophone.—Bell, the ingenious inventor of the
telephone, was the first who achieved, after much study of
the remarkable behaviour of selenium under the influence
of light, and many laborious researches, the production of
useful selenium cells, and, in common with Sumner Tainter,
made the first practical application of the sensibility of
selenium to light in combination with his telephone, by
constructing a photophonic receiver (1878).}

The flat selenium cells made by Bell for this purpose
consisted of two copper or brass plates, in which a large
number of holes were bored, and which were separated by
an insulating plate of mica. In the holes in one plate
were fixed conical brass studs which entered the holes in
the other plate, but without touching the plate itself.

The annular spaces surrounding the studs were filled
in with melted, black, glassy selenium, and the cell heated
over a gas flame until the selenium began to melt and turn
into the slate-coloured crystalline modification.

Bell and Tainter also constructed cylindrical cells for
use in parabolic mirrors out of a series of brass and mica
discs piled alternately on one another. As the mica discs

* For further descriptions see Ernst Ruhmer, “Das Selen,” Berlin,
1902, and E.7.Z., 25, pp. 1021-1030, 1904, Lecture before the Elektro-
technischen Verein, 22nd March 1904.

t See Alexander Graham Bell, “ The Photophone.”
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were cut of less diameter
than the brass, there re-
mained, beyond their
edges, a number of ring-
shaped notches into which
the melted selenium was
run. Each ring of selen-
ium was thus in contact
with two neighbouring
brass plates. In order to
keep the resistance as
low as possible, all the
even numbered brass I
plates were connected to Pl .
one terminal of the cell, D I
and all the odd to the [ '
other. Thus the selenium P R
rings were all in parallel, O IR
and after their conversion c
into the grey modifica- L L
tion, the cell offered a P | '
comparatively small re- Pl -
sistance to the electric H '
current. .
While in the case of Do .
the flat cell, described ' .
above, the portion of the
surface actually exposed
to the action of light was
only about o.11 of the
whole, in this newer form
the ratio was as much
as 0.6

The resistance of
Bell’s cell was approxi-
mately 1,200 ohms when in darkness, and 600 ohms when
illuminated.

FiG. 1.
Bell’s Original Photophone.
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In order to reproduce the words spoken at the sending
station by means of this type of cell in connection with a
telephone, it was necessary to construct a transmitting
apparatus which should be influenced by the waves of
sound so that a ray of light directed by it on to the receiver
should be made to vibrate synchronously with these waves.

Bell and Tainter have given nearly fifty different methods
by which a beam of light may be thus controlled.

These methods may be divided into two groups. In
one of these a source of light of constant intensity is em-
ployed, and the ray of light from it is modified at some

FiG. 2.
Photophonic Transmitter with Condensing Lens.

point on its way; in the other group a source of light is
used in which the intensity is altered directly by the sound
waves.

In the original photophone, which belonged to the first
group, the rays of the sun were reflected by a mirror on to
a silvered glass or mica membrane placed over a conical
mouthpiece, and thence to the receiving station (Fig. 1).
Since the membrane, when set in motion by the sound
waves, became alternately concave and convex, the parallel
rays of sunshine became alternately convergent and diver-
gent, and thus fell upon the reflector at the receiving
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station with rapidly varying intensity. These rays are
concentrated at the focus of the reflector, on the selenium

Fics. 3 and 4.
Photophonic Transmitting and Receiving.

cell, and, if the latter be connected in series with a battery
and telephone, are reconverted into sound waves.
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Another arrangement, used by Bell in his experiments
(Fig. 2), differs -only from that shown in Fig. 1 in the
addition of two lenses ; the upper one, L,, serves to concen-
trate the light on the reflecting membrane, while the lower
one, L,, renders it again parallel. Figs. 3 and 4 show the
sending and receiving stations in action.

With this apparatus Bell and Tainter made a great
number of experiments in which the sender and receiver

were so far apart that the sound could not be heard directly
through the air.

Fic. s.
Arc Lamp as Source of Light.

In one of these experiments (1880) Tainter was at the
sending station, which was placed on the tower of the
Franklin College at Washington, while the receiver was in
Bell’s laboratory window in 1325 L Street; the distance
being 213 metres. As Bell put the telephone of the receiver
to his ear he heard clearly the words, “ Mr Bell, if you can
understand what I am saying, come to the window and
wave your hat.” The transmission of speech by means of
light rays was thus perfect at this short distance.

Instead of the sun’s rays the light of an arc lamp,

rendered parallel by means of a mirror or lens, may of
course be used (Fig. 5).
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To the same group of transmitters belong the methods
in which the ray of light is influenced by a lens with a
variable focal length, or in which it is polarised and then
altered in the ways discovered by Faraday and Kerr.

In Fig. 6 an arrangement of this kind is shown. The
microphone M is in series with the battery B and the coil S.
The light rays from the source L are rendered parallel by
a lens and polarised by the Nicol’s prism p,. After travers-
ing the bobbin the light is extinguished by a second
crossed Nicol at P,. If oscillating currents are now pro-
duced in the coil by
speaking gnto the
microphone M, the
plane of polarisation
will Be more or less
turned, and thus a
greater or less
amount of light will
pass out through p,,
and in this way the
vibrations of the
membrane of the
microphone may be

converted into altera- Fic. 6.
tions of the intensity Polarised L_ight T'ransmitter controlled .by I.ilectro-
of light magnetic Action on Plane of Polarisation.

In order to strengthen the action an iron core may be
introduced into the coil having a hole bored along its
axis. In this is placed a piece of transparent heavy glass
which possesses a large magneto-optic constant. This
method differs from the above-described system in that
it is possible to arrange that practically no light passes out
to the receiving station when the apparatus is at rest.

There are many other ingenious methods belonging to
the first group, which might be described here, but which
we shall, however, pass over as they do not introduce any
new principle of importance in wireless telephony.
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Before we go on to the methods of the second group,
which employ a source of light whose intensity varies with
the sound waves, we shall describe shortly an arrangement
of Bell’s in which the transmission is by means of the heat
waves which accompany the light.

Bell's Thermophone.—On the occasion of the exhibi-
tion at Chicago in 1893, Bell showed a thermophonic
apparatus of this type for the transmission of speech
(Figs. 7-9).

The transmitter is, as in the photophone, a thin silvered

FiG. 7.
P’hotophonic Transmitter.

mirror against a mouthpiece, which reflects the light of
an arc lamp.

The receiver (Fig. 9) consists of a small glass bulb,
containing a little blackened (charred) piece of cork. From
the bulb rubber tubes are carried to the ears of the observer.
The cork ball is placed in the focus of the parabolic mirror
of the receiver. The variations in the intensity of the heat
radiations cause, as Bell has shown, corresponding altera-
tions in the volume of the cork, and therefore in the
surrounding air, which of course travel through the tubes
as sound waves.



THE PHOTOPHONE, 11

Mercadier’s radiophone is almost identical with this
arrangement of Bell’s, differing from it only slightly as to
the construction of the thermophonic receiver. This latter

FiG. 8.
Thermotelephone.

consists of a glass tube with thin walls, closed at one end
and containing a plate of mica covered with lampblack.

e ®
Fi1G. 9.
Thermophonic Tube.

To the open end of the tube rubber connecting tubes are
attached as before.

The mica gives out sound waves corresponding to the
variations of intensity of the light from the transmitter
just as in Bell's form.
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Another thermophonic receiver, in which the reception
is telephonic, is shown in Fig. 10. It consists of a thin-
walled hollow sphere of iron B, forming one pole of a
magnet D, on which is a coil of wire in series with the
telephone E. The undulating rays of heat, striking on the
pole B, cause corresponding variations in the strength of
the magnet, and hence produce induction currents in the
coil C which are audible in the telephone. A similar result
may be obtained by means of a thermopile.

Fic. 10.
Thermophone in Use.

The loudness of the thermophone is as a rule much
less than that of the photophone, in which a selenium cell |
is used ; the simple thermophonic receivers which we have
described standing in something of the same relation to
the selenium cell as a telephonic transmitter does to the
microphone, 7.¢., the first converts the energy actually trans-
mitted into sound waves, while the latter merely controls
a new source of power.

The apparatus of Bell’s which we have described above
was found capable, at the Chicago Exhibition, of trans-
mitting speech to a distance of about 100 metres. We
may here remark that Tainter, being struck with the
extraordinary sensibility of blackened surfaces, attempted



AN
UNIVERSiTY

O+ /
S4LIFORNL
e THE PHOTOPHONE. 13

to substitute soot for selenium in the selenium cell. One
of these receivers, a so-called soot cell, was then connected
in series with a telephone and battery as in the case of
a selenium cell. It is not known whether practical results
were obtained with this altered form of thermophonic
receiver.




CHAPTER IL
VARYING SOURCES OF RADIATION.

Varying Source of Light. — Let us now turn to the
second class of radiophonic transmitters, which employ a
source of light which varies with the sound waves. The
simplest example of this kind is one in which a Kénig’s
manometric flame is used.

Fic. 11.
Jamieson’s Transmission by Manometric Flame.

It is not certain to whom the credit of having first used
such a flame for radiophonic purposes should be awarded.
It is very probable that Bell's photophonic experiments
may have suggested the same idea to several minds at once.

Apparently one of the first publications was made by
Andrew Jamieson, of Glasgow (Nature, 10, 11, 1881), from
whose description J. W. Giltay in Delft constructed the
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photophone shown in Fig. 11. This consisted of a mano-
metric capsule A as transmitter and a selenium cell B as
receiver. Since the little 1.5 cm. high
flame did not give off sufficient light, -
Giltay improved it by drawing it through “
a wash-bottle containing gasoline (Fig.
12). If one speaks into the mouthpiece ]
the membrane in the manometric cap-
sule vibrates, the gas in the capsule is
compressed or rarified in accordance
with the sound waves, which causes the =
flame to rise and fall with a rapidity
too great to be detected by the naked FiG. 12.
eye. These alterations of the intensity Gasoline Bottle.
of illumination act on the selenium cell,
and give in the telephone connected to it a perfect repro-
duction of the original voice.

In order to show that the transmission is really due to

Fic. 13.
Varying-flame Photophone.

the action of the light on the selenium cell one may intro-
duce a piece of tin or other opaque material between the
flame and the cell, and notice that the reproduction of the
speech entirely ceases.

. _——
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Fig. 13 shows a similar radiophonic apparatus with a
thermopile as receiver.

Giltay and the author afterwards employed acetylene
gas instead of ordinary gas in order to obtain a flame
richer in carbon.

Fig. 14 shows Giltay’s original apparatus, which has,
however, been recently improved by use of three acetylene
flames in place of one (Fig. 15). The acetylene gas was
made in a small producer 4, like those which are used in

FiG. 14.
Giltay’s Acetylene Flame Photophone.

cycle lamps, the water supply to the producer being regu-
lated so that the flame, or flames, maintained a height of
about 1.5 cm. The manometric capsule was so placed that
the flame was about 1 cm. from the selenium cell.

Fig. 16 shows an apparatus constructed for use in
schools and colleges. In this apparatus the flat selenium
cell is illuminated both directly by the acetylene flame and
by reflection from the spherical mirror placed behind it.
The selenium cell is connected, by means of the terminals
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on the lower board, with a small battery of dry cells or
accumulators in series with a pair of telephones.

Of course if the two experimenters are close together,
it is impossible to distinguish whether the transmission is
direct or through the apparatus; it is best, therefore, to
provide a long connecting wire to the telephone so that the
latter may be taken into an adjoining room where the voice
of the speaker is not distinctly audible.

FiG. '15.
Triple Burner Transmitter.

In order to adapt this apparatus to wireless telephony
over short distances the selenium cell may be taken out of
its holder, and a parabolic mirror substituted for it. This
apparatus now becomes a transmitter, as shown in Fig. 17.
The light of the acetylene flame is thrown by the mirror
on to the receiver, which is fitted with a lens or mirror to
concentrate the rays on the selenium cell, which has now
been removed to some little distance and connected, as

B
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FiG. 16.

FiG. 17.
Experimental Photophones.
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before, to a battery and telephone. Speech may thus be
transmitted across a lecture room. (See Figs. 18 and 19.)

In place of speaking directly into the manometric cap-
sule one may arrange this telephonically, as was first done
by Giltay (Fig. 20).

In order to bridge over greater distances a more power-
ful, and at the same time more concentrated, source of light
than a gas flame is required. Obviously the electric arc
would be extremely suitable since its rays may be directed
in a beam of great intensity by means of a reflector. At
the time of Bell's photophone experiments, however, no
way was known by which the intensity of the arc could be
influenced by the vibrations of speech.

Since the attempt to transmit human speech to a
distance by means of a ray of light in these radiophonic ex-
periments had attained so little practical success, they soon
fell—in spite of the ingenuity of Bell's telephone, which
pursued its conquering course throughout the entire
world and is now a necessary adjunct of modern civilisa-
tion—into the realms of oblivion.



CHAPTER IIL
THE SPEAKING ARC.

Discovery of the Speaking Arc.—The discovery of the
speaking arc by Simon in 1898 introduced new possibilities
in the development of this method of wireless telephony.
It is interesting in this connection to recall a paragraph
(quoted by Giltay, Meckaniker, xi.,, p. 31, 1903) in the
journal Engineering of sth November 1880, in which the
principle of the speaking arc and of its application to light-
telephony was perfectly clearly given. The paragraph
read: “It would be highly interesting if future research
should lead to the discovery of a means of varying the
intensity of the electric arc proportionately to the sonorous
vibrations constituting articulate speech, so that a telephone,
in circuit with a photopile exposed to its rays, would repro-
duce the sound by which the light was in the first instance
thrown into vibration.” .

Let us turn now to the astonishing discovery of the
talking arc, made by Simon at the Physical Institute of
the University of Erlangen in the end of 1897—the dis-
covery that an electric arc may be made to serve as a
telephonic receiver. He observed that the arc of a con-
tinuous current lamp gives out a loud rattling noise if its
leads run near a circuit in which a rapidly interrupted
current is flowing. The latter may be produced by means
of a few secondary cells connected to the interrupter of an
induction coil. The oscillatory secondary currents induced
in the leads of the arc lamp superpose themselves on the
continuous current and produce the remarkable acoustic



THE SPEAKING ARC. 21

phenomena. Since the action was produced by extremely
small induced currents, Simon tried to cause the arc to

F1G. 18.—Selenium Receiver with Condensing Lens.

speak by utilising the small alternating currents produced
by a microphone when it is spoken into. The arrangement
used is shown in Fig. 21.
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In order to intensify the effect the secondary winding
of a transformer was introduced into the lamp circuit, while

F1G. 19.—Selenium Cell with
Mirror Condenser.

the primary winding conducted
the oscillating currents from the
microphone. The wonderful re-
sult was obtained that the arc
would transmit whistling, clap-
ping, singing, or music perfectly,
and that even words spoken into
the microphone were clearly
repeated. The effects produced,
however, were comparatively
weak. Later on, as the result
of experiments, it was found
possible to make the action
much more powerful, so that
the whistling or talking of the

I'16. 20.

Gi.tay’s Transmitter with Flame controlled by Telephone Diaphragm.

arc could be perfectly heard throughout a large hall.
The striking experiment has since been frequently re-

peated.
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We shall now describe shortly one or two other arrange-
ments. The author has considerably simplified Simon’s
apparatus in the following way.* Since the correct design
of the transformer is dependent on conditions which are

|
Microphone Battery

FiG. 21.
The Speaking Arc with Inductive Series-Control.

not constant, the use of one is entirely avoided, and an
electric coupling takes the place of magnetic induction.
The microphone circuit, which contains a considerable
resistance, is put in parallel with the arc, so that a separate
battery is not necessary (Fig. 22).

—

FiG. 22.
The Speaking Arc with Conductive Shunt-Control.

In place of the resistance one may introduce a number
of cells, accumulators for instance, in the circuit, so that
there is only a difference of a few volts left to drive the

* See Mechaniker, viii., p. 279, 1900.
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microphone. Finally, in order to conduct the oscillating
currents from the microphone entirely through the arc,
and prevent them from spreading themselves over the

2

=it

Fic. 23.
The Arc with Conductive Series-Control.

leads, choking coils
of considerable in-
ductance are put in
the circuit, which
allow the continuous
current to pass freely,
but offer a very great
resistance to the
varying currents of
the microphone.
These latter, there-
fore, are almost en-
tirely retained in the
arc itself.

In place of put-
ting the microphone
in parallel with the

arc it may have its terminals connected to two points on the
supply leads, between which a resistance which gives a drop

The Speaking Arc with Inductive Shunt-Control.

of from 4 to 6 volts is inserted (Fig. 23). In order that the
microphone current should go through the arc the common
part of their circuits must have a certain inductance. This
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arrangement was described and used simultaneously, but
independently, by Simon and the author.

Duddell's Arc.—Another arrangement, due to Duddell,*
in which an inductive coupling is used, is shown diagram-
matically in Fig. 24. In this also the microphone is in
parallel with the arg, its circuit being connected inductively.
The primary of a transformer is placed in series with the
microphone and battery, while the secondary, which con-
tains the same number of turns, has one end connected
directly to one terminal of the arc, and the other to the
other terminal through a condenser of from 3 to §
microfarads. The condenser prevents the continuous
current of the arc from passing through the transformer,
while permitting the induced alternating current from the
microphone to pass freely. For the same reason two coils
of high inductance are placed in the arc lamp leads if
the supply be from an accumulator or from a supply net-
work. If adynamo is used solely for the purpose of supply-
ing current to the apparatus, and has no inductionless
circuits, such as glow lamps, connected to it, these choking
coils are unnecessary, as the machine itself possesses
sufficient inductance. In the same way we find that the
microphone currents are throttled and weakened by the
inductance of the machine in the arrangements illustrated
by Figs. 21 and 23. A condenser connected in parallel
on the terminals of the dynamo partially obviates this
difficulty.

Microphone in Field Magnet Circuit.—Finally there
is an arrangement belonging to this class in which the
microphone current influences the field magnets of the
dynamo (Fig. 25). In this arrangement the electromotive
force of the dynamo varies exactly in accordance with the

* W. Duddell, T/he Electrician, xlvi., Nos. 8 and“g, 1900, and
Phys. Zeitschr., i1, pp. 425, 440, 1901.
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variations of the microphone current, so that the arc lamp
supplied by the dynamo repeats whatever is spoken into
the microphone attached to the dynamo. Simon used this
apparatus at Frankfort-am-Maine, where he gave an “ Arc
Lamp Concert.”

Field Magnet Choking Coil

_{’L

||
() i
FiG. 25.

Speaking Arc with Field Magnets ot Dynamo controlled by Microphone.

Theory of Talking Arc.—The theory of this remark-
able phenomenon is that the variations of the microphone
current cause corresponding variations in the amount of
heat produced, according to Joule’s law, in the arc; and
these in their turn cause similar periodic changes in the
volume of the gases through which the arc is conducted.
The arc, therefore, generates sound waves.

In order to make the arc speak as loudly as possible, it
is necessary that the oscillations imposed by the micro-
phone on the constant current should be of as great ampli-
tude as can be obtained.
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Next in importance to the sensibility of the microphone
comes the proper design of the transformer.

F. Braun* has shown, further, that the action should be
greater while the arc current is increasing than under other
circumstances, a suggestion which is confirmed in actual
work.

Finally, it is advantageous to use as long an arc as
possible, for which reason soft-cored carbons, or still better,
carbons impregnated with salts, may be employed. With
high voltage (say 160 volts across the arc) and currents
of from 10 to 20 amperes arcs of between 5 and 7 cm. in
length may be obtained.

Figs. 26 and 27 show a complete apparatus, constructed
by Max Levy of Berlin from data supplied by the author,
for the repetition of this interesting experiment. The
transmitter consists of a Berliner granular microphone such
as is generally used in the Imperial Post Office telephones,
which is connected to the switch gear shown in Fig. 27.
A hand-regulated arc lamp serves as receiver, which is fitted
with a screen to prevent the eyes being dazzled by the
light.

We may here shortly consider how the speaking arc
may be made to perform the inverse function, ze., to act as
a microphone.t In this case the sound waves cause altera-
tions in the volume of the arc, and so produce oscillations
of the current in its circuit. In Fig. 28 an arrangement for
this purpose is shown, which Simon used in an experi-
mental lecture before the Electrotechnical Society of Berlin
on the 23rd of April 1go1.} The arc is placed in the para-
bolic cavity H in the block B, the funnel T serving to
concentrate the waves of sound.

From the above explanation of the speaking arc it will
be seen that the temperature of the arc itself is subject to

* F. Braun, Wied. Ann., Ixv., p. 358, 1898.
t E.T.Z. Rundschau, xix., p. 321, 1898.
Y E.T 7., xxii.,, p. 510, 1901.
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rapid oscillations. But, according to the laws of radiation
which have been so thoroughly worked out by modern
physicists, every alteration of temperature causes a corre-
sponding alteration in the intensity of the radiation. If,
therefore, the temperature of the speaking arc oscillates,

»
I'iG. 20.
Speaking Arc Apparatus.

the radiation given out by it must osciliate in like
manner.

The speaking arc thus belongs to the second group of
photophonic transmitters, and fulfils its purpose as perfectly
as can be desired, since by means of a parabolic mirror the
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full power of the undulating rays of light may be directed
towards the receiving station.

Fic. 27.
Regulator for Speaking Arc.

We shall consider later the most favourable conditions
for the action of the arc as a
photophonic transmitter, since
these conditions differ in several
essential points from those
which give the best acoustic
effects.*

As receiving apparatus for
the conversion of the light os-

cillations into waves of sound, Fic. 28.
the photophonic instrument on The Arc as Converter of Sound into
Bell’s principle, which we have Electrical Vibrations.

described above, may be employed. A complete set of

* The author gave the essential points of difference for the first
time on i9th February 1901. Phys. Zeitschr., i1, p. 339, 1901.
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apparatus of this kind for Light-Telephony, as we shall
call this type of photophony, is shown diagrammatically
in Fig. 29.

Let us next deal with the transmitter. The oscillating
current of the microphone is superposed, by means of a
transformer or otherwise, on the supply current to the lamp,
causing like variations in the amount of light radiated.
These undulating light rays are rendered parallel by a
parabolic mirror, and thrown on to the concave mirror at
the receiving station. There they are concentrated on a
selenium cell, thus causing the battery current to vary in

RN

Fig 29

M, Mirrors; A, Arc; 7, Transformer ; C, Microphone ; 5, Battery ;
S, Selenium Cell ; R, Telephone Receiver.

like manner, so that articulate speech may be reproduced
in the telephone by means of light.

It appears that Bell was the first to use the speaking
arc as a photophonic transmitter.* In collaboration with
H. V. Hayes in 1899, that is to say, very shortly after the
discovery of the speaking arc, he showed the transmission
of speech by means of an arc connected with a microphone
and placed in a large parabolic mirror at the exhibition of
electrical novelties held in the Madison Square Gardens,
New York. As receiver a thermophonic arrangement was

* See Electrical Review, New York, vol. xxxiv., p. 325, 1899 ;
Mechaniker, vii., p. 236, 1899 ; and £.7.Z., xx., p. 459, 1899.
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employed, similar to that already described, but with carbon
threads in place of the ball of cork, which was situated at
the focus of the reflector. The apparatus transmitted
speech at a distance of 120 metres.

FiG. 30. -
Bell and Hayes’ Thermophone with Speaking Arc.

It is not known why Bell did not employ a photophonic
receiver, such as a selenium cell, with battery and telephone
in series, the most probable explanation being that he had
not at the moment a suitable one ready.* In any case

* A historical account which differs essentially from that given
above is to be found in a small volume entitled “ The Radiophone,”
which was distributed at the Louisiana Purchase Exposition in St
Louis, 1904, by the American Telephone and Telegraph Co. From
the statements contained in it it appears that Mr Hammond V. Hayes,
an engineer of the above-mentioned company, took up Bell’s investi-
gations on the electric arc, probably commencing with those shown
at the Chicago Exhibition. Mr E. R. Cram, an assistant of Hayes’,
observed, in April 1897, that the electric arc undulates under the
influence of the weakest of oscillating currents. It is stated that
Hayes then developed from these observations a photophonic trans-
mitter which is identical with the speaking arc. An American patent
relating to this subject is dated 1st June 1897. If these statements
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it is clear that he had very nearly approached the employ-
ment of a receiver of this kind. Similar researches were

1
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=

[[ Capacily :
Selenium Cell pes— :
'
—
Clwkby Coil
Tetephorce

) Fi. 31.
Receiving Circuit of Photophone.

then carried out by Simon * (latterly in conjunction with
Reich) and the author.t

proved trustworthy the priority of discovery of the speaking arc, and
of its application to radiophony, must be awarded to Hayes, since
Simon’s first publication dates from the end of 1897 (Erlanger Physico-
Medical Society, 8th November 1897).

Addition by the Corrector.—The American patent concerned, No.
654,630 (completed on 31st July 19o0), was filed on 7th June 1897,
and contains the arrangements of the speaking arc shown in Figs.
21, 22, 24, and 25. Both photophonic and thermophonic receivers
were used. Hence the priority of Hayes and Bell in regard to the
speaking arc is no longer a matter of doubt.

* H. Th. Simon, Phys. Zeitschr., ii., p. 253, 1901 ; E.7T.Z., xxii., p.
510, 1901.  That Simon was aware of Bell’s adaptation of the speaking
arc to the purpose of radiophonic transmission is proved by a letter
to the editor of the Zeitschrift der Mechaniker, dated 29th September
1899, and published in that journal, vii,, p. 237, 1899, in which he
doubts the effectiveness of Bell’s arrangement.

t E.Ruhmer, £.7.Z, xxii., p. 196, 1901 ; Phys. Zeitschr., ii., pp. 325
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Passing over a large number of laboratory investigations,
we shall next shortly describe the more important of

Fic. 32.
Ruhmer’s Photographophone, Internal Arrangements of Receiver.

Simon’s researches,* and then go into the author’s numerous
attempts to adapt light-telephony to practical uses.

and 339, 1901. The author had already in 1900 had communications
with the Elektrizitats A.-G. vorm. Schuckert & Co., in regard to this
matter. .

* Simon’s first demonstration of light-telephony was given at the
meeting of the Physical Society in Frankfort a/M. on the 8th of
September 1900. The condition of his apparatus must, however, have
been very unsatisfactory at that time if one takes into account the
failures which occurred at a later lecture, before the Frankfort
Electrotechnical Society on 6th February 1go1, concerning which the
author has written an exhaustive report.
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Simon’s Light-Telephone.—Simon’s first experiment
over great distances was carried out at Nurnberg in
September 19o1. A Schuckert’s searchlight, with a para-
bolic mirror of 9o cm. diameter and 40 cm. focus, or a
similar apparatus of 150 cm. diameter and 60 cm. focus,

FiG. 33.
Recorder of Ruhmer’s Photographophone.
was used as transmitter. At the receiving station a 30 cm.
lens or a 9o cm. mirror was used to concentrate the light on
the selenium cell. Speech was clearly transmitted over a
distance of 1.2 km. with this arrangement.* This dis-

* Simon and Reich. Demonstration to the Scientific Conference
in Hamburg, 24th September 1go1, and Phys. Zeitsckr., iii., p. 278,
1902, and apparently there was also another lecture on 23rd September
1901. The sender (a Schuckert’s searchlight of 8o cm. aperture and
32 cm. focal length) was placed on the roof of the Hamburger
Wilhelm’s Gymnasium, the receiver being distant about 1 km. at the
State Physical Laboratory.
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tance was increased to 2.5 km. in a later experiment at
Gottingen.  Nothing further has been published on these
researches.

Simon used as transmitter the arrangement shown in
Fig. 23. At the receiving station the apparatus shown
diagrammatically in Fig. 31 was employed. The telephone
and a capacity were connected in parallel with the
selenium cell so that the continuous current through the
cell did not pass through the telephone.



CHAPTER 1IV.
THE PHOTOGRAPHOPHONE.

The Author's Experiments.—Let us now go some-
what more thoroughly into the author’s work on this
subject. These experiments arose from the results already
obtained with the speaking arc in the commencement of
1900. In order to determine the best conditions for photo-
phonic purposes, the author attempted to record the varia-
tions in intensity of the arc when reproducing speech by
means of photography, since they are too rapid to be
observed by the eye directly. For this purpose he employed
a cinematograph of the simplest type. (Figs. 32 and 33.)

Two rollers are placed in a light-tight box and off one
of them on to the other a photographic film is wound with
constant velocity. A small electric motor drives the rolls
so that the film passes with a velocity of several metres
per second. The film travels in front of a cylindrical
lens which concentrates the light of the arc upon it.* The
film is afterwards taken off and developed and fixed in the
ordinary way. The finished film shows the variations of
the light just in proportion to their amplitude. They arise
chiefly at the positive crater.}

It was only after many laborious attempts that films so
clear as those shown in Figs. 34 and 35 were obtained.
The alternately light and dark strips which give the appear-

* The original apparatus is now in the German Museum at Munich.

1 Birrenbach (“Theory and Applications of the Electric Arc,”
Hanover, 1903, p. 21) shows that about 85 per cent. of the total light
comes from the positive crater, about 10 per cent. from the negative,
and only 5 per cent. from the arc itself.



Fi1G. 34. FiG. 3s.
Photographophonic Records.
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ance of great irregularity are in reality exceedingly regular
and harmonic, only changing their order with the change
of the corresponding sound of speech. Each sound gives
its own group of lines and may be easily recognised and
read from the photo-phonographic record.

When the most favourable conditions for the action of
the speaking arc had been determined, to which we shall
return later, we were able to photograph the light varia-
tions with such wonderful clearness that it occurred to us

FiG. 36.
The Reproducer of the Photographophone.

to use the photogram for the reproduction of sound waves,
an idea which was actually realised.

For this purpose the film is made to travel in the
same direction and with the same velocity as when taken,
behind the objective of the apparatus, while the arc lamp,
now silent, is used as a source of illumination. Behind the
film a selenium cell is temporarily fixed, which is put in
series with a battery of small dry cells and a pair of
telephones (Fig. 36). Through the varying strength of
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the blackening of the film an illumination of the cell is
produced which corresponds in its variations with the
received sound waves, and is converted into sound in the
telephones.

It is truly a wonderful process: sound becomes elec-
tricity, becomes light, causes chemical actions, becomes
light and electricity again, and finally sound.

When Chladni showed his vibrating plates to the
Emperor Napoleon the latter cried out in surprise, “ Mar-
vellous, this Chladni lets us see sounds!” To-day we
have achieved something further. Not only can we see the
tones but can hear again the visible sounds; we fix the
music and speech which has become light on a gelatine
strip, which retains them until all the sensations are again
called forth which we experienced when the sounds struck
our ears for the first time.

The reproduction of speech by this photographic
phonograph is astonishingly clear, and in strength re-
sembles the ennunciation of a good telephone when in
ordinary use. The instrument has been named the Photo-
graphophone by the author and is shown in Fig. 37. It
has the advantage of the ordinary wax-cylindered phono-
graphs in that the reproduction is purer and is free from
the unpleasant noises caused by imperfections in the me-
chanism.* In addition to this, one can obtain from such
a speech photograph as many reproductions as desired,
each of which will give back the original sounds with equal
exactitude,

While for the production of useful photo-phonographic
records the proper conditioning of the source of light is of
the greatest importance, it is the selenium cell which plays

* Mechaniker, ix., pp. 75 and 169, 1901 ; Phys. Zeitschr., ii., pp.
339 and 498, 1901 ; Ann. d. Physik., v., p. 803, 1901. The apparatus
was exhibited at the Berlin Polytechnic Society on 12th December
1901, at the Society Railway of Berlin on 11th February 19oz, and
in the Beethoven Hall of the Philharmonie in Berlin on the occasion
of the Gramophone Concert on gth April 1903.
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the chief part in the reproduction of the sounds. One sees
that, among other things, these photographophonic experi-
ments of the author give results which are similar to those
obtained by light-telephony.

FiG. 37
The Photographophone.

The Selenium Cell.—The necessity of finding a very
sensitive selenium cell was the cause of an exceedingly
thorough investigation of the remarkable properties of
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selenium. A long series of experiments and researches led
eventually to the construction of a selenium cell in a high
degree suitable to the existing conditions.

Further information on this subject is given in the

author’s brochure, “ Selenium
and its Importance in Electro-
technics,” Berlin, 1902, and
also in a paper on the con-
struction and sensibility of
selenium cells, which ap-
peared in the Physicalische
Zeitschrift, iii., pp. 468-474
(June 1902).

It may be mentioned that
both flat and cylindrical cells
were described in this paper,
the latter form being pecu-
liarly suitable for use in the
parabolic mirror of a photo-
phone.

Unglazed porcelain or
soapstone is used for the
core of these cells since
selenium adheres firmly to
either. On the surface of
the core fine notches in the
form of a double-threaded
screw are stamped or cut
in which two metal wires
are wound while hot. These
wires form the electrodes of
the cell and lead to the
terminals. The pitch of the

Fic. 38.
Flat Selenium Cell.

double screw is so chosen that the unlike poles of the

cells lie very close to one another.

The selenium is put on

in the melted condition so as to cover all the spaces
between the wires, and then is converted into the modifica-
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tion which is sensitive to light. Thus the current flows in
the cell from one wire, the anode, to another wire, the
kathode, through the cell.

In Figs. 38 and 39 are shown flat cells of this form, one
in a polished wooden case with hinged cover, and the other
in ebonite with a sliding lid. The cylindrical cells were
enclosed in an evacuated glass bulb to shield them from
damage and from the effects of the air. The bulb is fitted

with a collar and contacts, so that
the selenium cell may easily be
put into an ordinary lamp holder

(Fig. 40).

Experiments on the Havel.—

The selenium cells were, however,

not only improved in- construction,

but also in quality ; their sensibility

was increased, and, which is quite

as important for practical purposes,

their resistance diminished. Already

FiG. 39. in the commencement of 1go1 the

Flat Selenium Cell.  author * pointed out that he should

be able to bridge over much.greater

distances with his perfected cells than with those ob-

tainable at that time in commerce. And, in fact, the

author’s results with his improved selenium cells, beginning

with small distances in the laboratory and in demonstrations

at the Exhibition of Electrotechnical Novelties in the

Architects’ Hall, on 19th March 1902, and in the Imperial

Post Museum on gth April 1902, were so astonishingly

satisfactory that he was requested to continue the experi-
ments at greater distances.

* E.T.Z., xxii., p. 198, 1901.



CHAPTER V.
LIGHT-TELEPHONY AT USEFUL DISTANCES.

THE long and laborious researches previously undertaken
in the laboratory now bore fruit, so that on the first attempt
in the laboratory of Nature photo-
phonic communication was estab-
lished at greater distances than had
ever been previously attained to.
The Wannsee near Berlin was chosen
as a suitable field for the experi-
ments. The uninterrupted view over
the broad waters of the Havel and
the possibility of obtaining electrical
energy from the central stations on
its banks rendered the situation pecu-
liarly advantageous.

In addition there was at this time
(summer 19o2) a Motor Boat Ex-
hibition, at which the Hagener Ac-
cumulator Company were
showing the electrical
motor boat * Germania,” )
which was fitted by Messrs ¢
Schuckert with a torpedo ™. - T
boat searchlight of 35 cm. '
aperture.  Through the Cylindrical Selenium Cell Enclosed in
kindness of the companies Glass Bulb.
concerned both motor boat and searchlight were placed
at my disposal for the purpose of the experiments I
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FiG. 1.
Modern Photophonic Receiver.

had in view. When
the arc lamp had been
fitted with a microphone
and transformer, and the
receiver placed in a re-
flector of about 50 cm.
aperture and set up on
a jetty near the Wann-
see Electricity Works
(see Figs. 41-43), light-
telephony could be
established between the
boat and the land, and
the distance between
the stations gradually
increased by backing
the boat outwards.*

In Fig. 45 a plan is
given which shows the
stretches over which
speech was transmitted.

1. Experiment on the
evening of 4th July.
Right across the Wann-
see,about 1.5 km. Clear
air.

2. Experiment on the
evening of 8th July.
From the Motor Boat
Exhibition, Wannsee
Station, across the
Wannsee towards the
neighbourhood of Neu
Cladow, about 3.8 km.

* Also see E. Ruhmer,
E.T.Z, xxiii., p. 859, 1902.
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Fia. 42.

Ruhmer’s Photophonic Receiver on the Wannsee.

Misty. The sending station was in this case on board
the motor boat “Germania,” lying at the quay, while
the receiving station was on board the motor boat

“ Loreley.”
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FiG. 43.
Photophonic Reception at Night on the Wannsee.
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Fic. 44.
Photophonic Transmitter on the Bows of the ¢ Germania.”

3. Experiment on the evening of gth July. Across the
Wannsee, about 1.6 km. Heavy rain. This experiment
had to be broken off at 1.6 km., because one of the assistants
knocked over the accumulators at the receiving station by
mistake in the dark.



48 WIRELESS TELEPHONY.

4. Experiment on 16th July, afternoon. In the direction
of Schwanenwerder, about 2.6 km. Weak sunshine.
Since the geographical formation of the Wannsee set

F16. 45.
Sketch Map of the Wannsee and Havel.

a limit to the extension of the research, a new series of
experiments was undertaken on the Havel, after many
difficulties had been overcome, and were carried on up to
the greatest distance possible under the circumstances.
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5. Experiment on the evening of 25th July. Receiving
station on the platform of the Kaiser-Wilhelm Tower on
the Karlsberg in the Grunewald ; the sending station on
the “ Germania ” in the direction of the Pfauen Island near
Potsdam. Thick air, slightly misty.

The transmission was in all cases good, and in this last
experiment surprisingly loud and clear.

As the apparatus was only of the simplest, it was only
possible to telephone in one direction. Communication
with the sending station was therefore established by
means of optical signals, for which purpose a glow lamp
was used in the earlier experiments, and a small stage lime-
light in the later ones (see Fig. 46). In the last experi-
ment, from the Kaiser - Wilhelm Tower, an acetylene
signalling lamp was used.

Berlin Experiments.—As local conditions prevented
the extension of the experiments on the Wannsee or Havel,
and since the limits of the possibilities of the apparatus had
by no means been reached, the author, in the autumn of
1902, in conjunction with Messrs Siemens, Schuckert, and
Co,, fitted out two permanent stations. Tests were then
made of the system in all different kinds of weather, and
the practical utility of the apparatus correspondingly
increased.

The sending station was at the Berlin works of the
Schuckert Company, in Kopenicker Road, while the receiv-
ing station was at the parish school in the Baumschulweg,
about 2.5 km. distant. A Schuckert’s searchlight with a
very perfect parabolic mirror of 60 cm. diameter was used
as transmitter, while the rece’ver was the same as that used
on the Wannsee except that a somewhat larger mirror of
60 cm. diameter was fitted to it. In order to be able to
speak back, both stations were supplied with apparatus for
transmission and reception. The torpedo boat searchlight,
with 35 cm. aperture (Fig. 48), which had been used in
the experiments on the Wannsee, was installed in the

D
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Baumschulweg and supplied with current from a battery
of accumulators (Fig. 49). The apparatus shown in Fig.

FiG. 47.
Large Searchlight used as Transmitter.

50 was used in the Schuckert works, its reflector having a

diameter of 45 cm. _
The transmission was excellent here also, particularly
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