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| UNITED STATES

PATENT OFFICE.

- ALEXANDER G. BELL, OF WASHINGTON, DISTRICT OF COLUMBIA, ASSIGNOR
TO AMERICAN BELL TELEPHONE COMPANY, OF BOSTON, MASS.

APPARATUS FOR SIGNALING AND COMMUNICATING, CALLED “ P_HOTOPHONE.", o

«

SPECIFICATION forming part of Letters Patent No. 235,1é9, dated peceniﬁer-'?, 1880, .
) ) Application filed August 28, 1880. (No model.) ‘ ’ o

To all whom it may concern : -

Be it known that I, ALEXANDER GRAHAM

BELL, of .Washington, District of Columbia,

. have invented an Improved Apparatus for

5 Signaling and Communicating, called ¢ Photo-

- phone,” of which the following description, in

connection with the accompanying drawings,

is a specification. - . -

_ My invention cousists in a method of utiliz-

ing radiant energy and of applying it by suit-

able apparatus to prodace audible signals and
to produce eléectric signals. D

10

The rays which proceed from the sun and.
“other similar sources, falling upon various.

15 bodies, produce effects generally perceived by

the senses, as heat or as color. Besides this,”
and notably when they fall upon the substances -

hereinafter mentioned, the energy. which they

areto convey produces in those bodies achange :

2o Which the sense of touch or the sense of sight

has not been able to take notice of.. This.

- changed condition may befitly called a ¢ state of

strain,” and I have been able to make it mani-

. fest in various ways in different substances.
25
s of changes. = . _ .

. The changesin the sensitive bodiesemployed
in the apparatus I shall describe follow the

falling upon-them with such extreme rapidity
that the two are substantially coincident in

30

time as compared with the time occupied by
any vibrational movement which can be deé--

tected by the ear. The extent of the change

35 at each instant depends upon variation in the

amount of radiant energy expended upon the

sensitive body at that instant, and is approxi-
mately directly proportional thereto." The
change to a greater or less state of strain thus

40 produced in the sensitive body will therefore

correspond with the variations in the disturb-
Ing cause both in extent and in rapidity of sue- .
cessivns.  If, therefore, the energy-of the rays |

acting on the sensitive body passes alternately
fx:orp & maximumn to a minimum—that is, ex:
hibits a variation of a vibrational character—
the changes in the sensitive body will be there-

45

by correspondingly controlled in their period
of change, in their direction of change, in

so their amplitude of total change, and also in
the character of the changes which take place

.body from a less to a greater state of strain,
‘and vice versa, can impart &4 corresponding

My discovery and invention relateto this class

changes in the energy of the disturbing rays’

while passing from a maximum to a minimam .
.and back again ; or, in other words, the curve
which graphically represents the changes thus
caused in the sensitive body will correspond 53
to the curve which represents thé variations
in the distarbing rays due to nataral causes,or
which may be impressed upon -them by arti-
ficial means. : P
I have discovered- and invénted a method 6o
and apparatus for .impressing any desired
variation upon the rays or radiant energy fall- -
ing upon the sensitive body. [ have also dis- . -
covered and invented a method and an appa-

ratas by which the changes in ‘the sensitive 65

motion to theair. If the changes succeedeach
other with sufficient rapidity and possess suf:
ficient amplitude, the vibrational movements 70
thereby imparted to the air becomé sensible =
as sound-waves, and a.soand will_be heard - .
‘which will correspond in pitch to the rapidity .
with which these changes.succeed each other,

in loudness to their extent, and in “quality” to ¥5 -
the charactéror vibrational form of the changes. -

_ The radiant energy which affects the senai- -
tive hndy may be varied in several ways. Its .
source may be controlléd when, as in the case ,
of a lamp, it is in our reach.. The rays which 8o
convey the enérgy may be controlled in'their
_passage from the source to the sensitive body—
for instance, a part or the whole may be inter-

.cepted by screens opaque to thein, or the whole

may have their energy diminished more or less 85

by the interposition of substances which offer

resistance to the passage without wholly inter-
‘rupting’ it, or- they may be more or less con-
centrated apon or diverted from the sensitive
‘body by lenses, reflectors, or other appropriate go
means. The sensitive body may be normally ~
exposed to the fall force of the rays, and then - |
partially or wholly pretected from them. It -
ay-be normally wholly protected from them, -

“and then partially or wholly exposed to them, g5

‘or it may be normally. partially - exposed. to

“their influence, and this exposurenay then be' - )

alternately increased or decreased.. A

- In the forms of apparatus which I have de- " '
‘vised the desired variations in the rays em- 10c

ployed .to affect the sensitive body are pro

‘duced in these varions ways by means of m~




tion imparted to the appropriaté part. of the

transmitter. The extent and character of the
changes thereby cansed in the sensitive body
depend upon the extent and character of that
motion, and consequently the sounds to which

- upon the frequency of that motion, for their

loudness upon its amplitude, and for their |.

quality upon .the character thereof. When,

therefore, as in certain forms of apparatus

which. I have devised, a sufficient motion of
theappropriate part of the transmitteris caused
by the sound-waves which constitute vocal or

other sounds acting upon a disk capable of vi-

brating, or its equivalent, the character of

motion thus taken up from the air at the trans-

mitting-station canses vibrational changes of a

corresponding character in the sensitive body,

“and thereby vibrational movements of a corre-

20 sponding character.in the air at the receiving-

:station. Thus a similar sound fo that made
‘or uttered at the transmitting-station is Leard
at the receiving-station. : .

" The receiving-instrument consists of devices

25 1o receive the beam from the transmitter and

. direct it upon the sensitive body, together with

- the sensitive body itself, and, when needed,

apparatus connected therewith'to produce air-

- vibratiofs or sound-waves. .

30 . Anessential part of the réceiver is the body
sensitive to the rays which fall‘upon it, and.
the contrivances by’ which. the disturbance
therein produced by therays is made sensible.

10

x5

" . There are several bodies whose eleetric con-’

35 duectivity is vatied by the rays which fall npon
them frow the sun or other sources. - Any va-
~riation in the amount or in the intensity of the

-radiant energy so falling.npon them changes'

- that eonductivity or resistance. . My apparatus
40,
current in & ¢ireuit, which includes-the sensi-
tive body, and also includes a. telephonic re-
ceiver, which will thereupoin give forth a
sound whose. character or quality will ¢orre-

45 ¢
- Seleninm, when in the properstate, is the body
which I have found most effective for this pur-

' I ffave also found thatof various snbsténées_,'
50 hard rabber especially, in-thin sheets—say
' phone diaphragm up to three millimeters—is
80 gensitive that when the sun-rays, concen-
trated by lenses or reflectors, are allowed to

55 fall upon it, and these-rays are rapidly inter-

. rupted, the ear, placed in contact with or in

close proximity to the hard rubber, will hear

proceeding from it a sound whose piteh varies
with the frequency of theinterruptionsand cop-

~6o responds:to that frequency. R
. 1'have gbtained audible results by using as
& receiver a digk of hard rubber, as described,
and plates of gold, silver, platinam, aluminnm,
- iron, ‘steel, ‘antimony, lead, Babbitt’s metal,
65 Jenkd stear '

" brass, copper, German silver,and ordinary fele-

those changes giverise-depend for their piteh.

uses this kind of sensitivenéss to vary the

spoud to the character of thé said variations., |

. from the thickness of an ordinary hand-tele-

m:-packing, -tinned iron; tin-foil,.

phone-diaphragms.” These were formed into
plates about the size and thickness of the or-
dinary-hand-telephone diaphragms. Similar
results have been obtained with plates of mica,
Q)aper., different kinds of wood, patent-leather,
‘ulcanized fiber, celluloid, ivory, sil vered glass,
and other substances. - v
The receiver may be made in the form of a
tube. " In this case the light, in the form of a
converging pencil, is thrown in at one eng, so
as to reach a focus near the entering end, and
thence diverging so as to strike the inside of
the tube. The operator listens at the other
end.. The tube serves as a resonator, and
greatly amplifies the effect of interruptions
whose frequency corresponds with the normal
pitch of the tube. I have obtained audible
results with tubes of soft vulcanized rabber,
of brass, aid of soft wood, about one-half inch
in diameter or less.
I now proceed to describe certain forms of
apparatus in which I have émbodied my in-

| vention.’ :

The apparatus employed consists, essential-
1y, of an instrument which varies the amount
of radiant energy falling upoun the sensitive
body, (this part of the apparatus' I will call

* the ¢ photophonic transmitter;” of an instra-
ment by whieh the  variatibns produced in
' the sensitive body are directly or indirectly
made sensiblé as sound without the interven-

70

8(;

gc

95

-tion' of electricity, or as electrical variations -

“which are capable of produeing sounds or sig-.
nals by means of an electric speaking tele-
phonic receiver or other suitable electric sig-
naling-instrament, (this part of the apparatos
I will call a “photophdnic receiver;”) and of

- various devices for giving the proper direction-

br: diffusion to.the rays employed. These in-
struments  must be sunitably arranged and
‘placed with reference to each other.
‘I'have.spoken of the beam-controlling ap-
paratus as the ¢ photophonic transmitter,” and

10Q

the sensitive body and parts connected with -

-itagthe  photophonicreceiver,” and thisis true
if we consider chiefly the action of ‘the beam
-itself; but, considering that form of apparatus,
shown which employs electricity as a ‘modi-

fied electric speaking-telephone, we may prop-_

erly call the beam-controller, the ‘‘ beam,” and
‘the’ electrically-sensitive body a. “variable-re-
 sistance electrie speaking-telephone transmit-

ter” operating to create electrical undulations

by ‘means of .sound-waves, and the receiving-
telephone as the “receiver.” '
If the rays are to pass over any considera-
- ble. distance, they should, to obtain the best
resalt, be formed: into a parallel pencil in or-
der to prevent. dispersion and loss of effect.
At the point where they are to be controlled
by the transmitter they are preferably concen-
trated in order that a large amount of energy
-may be readily-controlled thére, and this con-
.centration’ may be wholly or partially contin-

12¢C

13¢

ued till they reach the sensitive body, or they

| may be there again concentrated, g0 as to ex-



~

ercise thexrfu]l efféct on a small surface, which
iz important in most forms of apparatus.
This management of the rays may be effect-
ed by wellknown refracting and reflecting de-
vices, the-arrangement of - whieh .will be suf-

ficiently apparent from the descnptlons of f ap-

paratus hereinafter given.

Similar devices will serve to direct the rays
into the most convenient path, and it will be
noticed hereinafter that 1 have made one of

" the most efficient forins of transmitter by avail-
ing myself of the power of a reflector to change
the direction of the rays by changing the in-

“elination of the whole or of any part of its suar-
face.

Flguie lisa general dlagraphlc view of a -
transmlttmg and receiving photophonic appa-

ratus embodying my invention in what I have

found to bea siinple and effective arrangement

* for the production of a musieal sound or note,

and Fig. 2 a detail ‘thereof illastrating the in-
terrupter employed in this instance. -

A ray from the sun is caused to takea proper

direction in any suitable manner—in this case

- by reflecting if. from a_plane mirror or helio-

- stat, @, into -a condensing apparatus, (shoivn.
,) which shomnld be aplanatic and "

as .a lens, b
achromatic to prevent dispersion, and which
brings the beam to a focus, as at 2.

A suitable screen—as a solutlon of alam in’

a glass cell, o, for example—to obstruet the

" passage of obscm‘e heat-rays withouat oébstruct-

ing the passage of light, may be used to pro-

tect the apparatus from the effect of heat when

the sunlight is used. I have-found with cer-

tain forms of receiving-instraments employing

_-seleniam such a heat-sereen does not to any
great extent diminish the effect produced

" The passage of the rays at the point 2 may

be interrupted or controlled in any suitable

- Jinanner—as, for. instance, by an interrupting

‘wheel or disk, ¢, pivoted on an axle, d, 8o that

the pemphery of the said disk lies in the path-
of the rays; and at or nmear the focus 2 this |
disk is provuled with a series of openings or-

" holes, 3, (see Fig. 2,)Iying in the range of the
“pencil of rays at or near the focal point 2.,
As the wheel ¢ is  rotated fhe rays. wﬂl in-

termittingly pass through the holes 3, and then

- be cut off by the blank spaces between -the

- sdid holes, which blanks should be at least as-

- large as the sectional area of the beam at the
point 2 to insure its complete mteroeptlon. A
_series of alternate impulses and interruptions
will thus be prodaced, constituting what may
“betermedan “mmrmment beam.” ‘This beam
passes on from the focal point 2, and may be
direeted to any desired point. - The rays which |
diverge from the focal point2areagain bronght
+ to the condition of a parallel pencil by the lens
d’, and thence pass to the receiving-instra-
_ment e—shown in this instance as a thin disk
“or diapliragm, £, of hard rubber, rlaoed in a
suitable frame or inclosing-case, g, ana which,
; a8 hereinbefore stated, Will be affocted by the
lntermttent beam fallmg on it in such man-

ner as to produce sound-waves, the rapidity
or pitch of which c¢orrésponds to ‘the rapidity
of interruption of the said beam cansed by the
disk ¢. The diaphragm f may be placed in a
suitablesound-chamberfurnished with asound-

, passage or ear-piece, (shown as a fléxible tube,
A,) by which the sound may be conducted to‘

the ear of a listener.

A condensing-instrument (shown as a lens,
1) i3 preferably used to. concentrate the rays
and increase their effect. in the diaphragm ha

- The said econdensershould beasldrge as possi-

ble, as the beam of lightis somewhatdispersed
in traversing any considerable distance.
It is obvious that other forms of -receiving-

instruments may be used in ‘connection. with

the above-described transmitter, or that this
receiving-instrameént may be used with other

forms ot transimitting - instrument. Various

modifications ot both.of these will be herein-
after deseribed.

70
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8o

857

‘By varying the veloolty of rotatlon of the~ :

disk e the rapidity of interruption of the beam
will be “correspondingly varied, and conse-
quentl§ the pltch of the sound “produced at
the receiving-station.
mitter the motion which causes' the interrup-

of it, and in which the screens employed op-

-erate by a to-and-fro or vibratory motion given

‘In this forn of trans-.

90

‘tions i3 continuously in" the same direction. -
1 bave devised other forms to be used instead

95

to-the moving partthereof. By means of these .

pacity tothe apparatus.

Figs 4,5,6, 7aresnch
forms:of apparatus. -

1 dm enabled to give a_new power and ca-

foo

Fig. 4 represents two gratings, ki, of whlch
one, %, is fixed, while the other, I, is movable,A .

and adapted to slide to and fro. upon the fixed
grating. In the condition shown in the draw-

Icy

ings the opaque portion of one half overlaps .

and partially covers the open slitin the other,
and a passage equal to about half the slit is

_ aﬁ'orded for the passage of the rays.

- If the movable grating is moved shght,ly up-

‘ward,-the sgaco allowed for the" rays is dimin-

islied or e tbirely cat- off. - If it be moved

3 shghtlydownWard the spaceisincreased, and

if that motion extends through a dlstanoe

“eqaal only to half the width of the narrow slit-

the space allowed for the raysis doubled, and

110

11§

‘the increase or diminution will be dlrectly pro- .
,pomonal to the amplitude of the motion.’

Such gratings may be constructéd with act- .

ual open slits; as shown in Fig. 4, or they may"
be made of glass covered with an’opaque coat-

oﬁ i’ strips to form ‘the slits.’
this kind the most convenient.

If desired, the opaque portions may be pol-
ished, and- the rays reflected therefrom em-
ployed to affect the receiving-instrument, the

120

ng, (silver, forexample,) which may be scraped
I have found :

125

‘maxihum amount being reflected when the -

pohshed portion of one. gratmg/ is opposite -

the slits. oy unpolished portion of ‘the, other,

130 -

80 that thwsrays are reflected from the whole :

.surface of’ l)oth2 and. the minimum effect is- -
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when the polished portion of one is behind | forms of screen. For example, the'moving
that of the other, and thas rendered inopera- | portion, being made as light as possible, can
tive for reflecting. " In some instances both | be attached, as shown in Fig.- 3, to'a taned .
gratings may be made movable, in which case | reed, j, which may be moved by an electro- 70
5 they should be so arranged thatany actuating | magnet, either directly as an automatic circnit- -
impulse would move them in’ opposite direc; | breaker, or by an -electrie current controlled
tions. ) ' Lo | by .any of the well-known devices for inter-
In the form’ of \intercepter or beam - con- rapting or varying a current, oran organ-reed
troller illustrated in Figs. 5, 6, 7, a series of way be employed. In every such case the 75.
10 slats, m, of opaque material, are pivoted, asat | sound. produced at the receiving-station will
5,in a frame-work in the path of the rays, the | correspond in pitel and in loudness to the pe-
said slats being all oscillated simaltaneously, | riod of vibration, aund to the amplitade of vi-
like the slats of a window-blind, by a rod, n; | bration of this. transmitting-reed. . .
connected with. the actuating:vibrator j, as.{ Fig. 8 shows photophonic apparatus by 8c
15 shown in Fig. 6. Therod n.is connected with | which articonlate ‘speech nay bé transwritted.. ‘
all the slats on the.same side of their pivoted | I have already stated that.the sound at the
"+ points, so-that they are all moved parallel; | receiving-station' due' to the effect produced-
‘but in Tig. 7-the alternate slats are .o()n'necte(i_ by the rays which reach the_sensitive body ,
with the rod » on opposite sides of their piv- { there placed corresponds to the character.of 85
2o ots, so that they inclinein opposite directions | the clianges in the energy of the pencil of rays” -
as they are closed. These slats, in their nor- | which reach-it, L T :
mal position, close about one-half- the space, | - The hereinbefore - described transmitters
as shown in the main, Figs. 6 and 7, (the rays | have Dbeern -intended - to\ control merely the .
- Ppassing in the direction of thé arrow,) and by | piteh. and theilondness of a simple mausical go
25 their movement in one direction they incresise | note; and the devices in them' have therefore ~
the open space for the rays to pass until they | been adapted to ‘merely ‘control the period -
arrive' at the position shown' a 6;-where thé | during which ‘the energy of the beam ‘passes,
maximam amount is allowed to-pass, while a ‘from. its- inaximum ‘to its minimum, and tle , . A
movement in the otlier direction decreases the.| range of its'change or the difference of energy: 95
30 amount until, in the position shown at 7; the | between its maximum and minimum. v
- rays are wholly intercepted.” . . " .0 In order to transmit articulate speech,orany
" . It will be seen that when the slats ‘are open, | sound- having & complex character or qual-
as shown at 6, they only present their edges | ity, it is further ‘necessary, first, that -the -
as obstructionto the rays, and their thickness | propesl aracter shall be impressed apon the roo
35 may be much less than the open space between | changes: in the réceiver, upon the vayiations -
them, so that a greater amount of rays may be | in the'rays, and. upon ‘the motion which pro-
-allowed to pass than when the grat;i.ngs's“hox?u ‘duces - them while passing. from oug extreme, .
in Figs. 3 and 4 are used, as’ theyub\'(_er.a!low to the other; aud, second, that thie voice of the -
more than half the beam to pass. -By connect- |'speaker orthesonuds tobe transmitted shall of 105
40 ing the rods » nearer the pivots 5 the same |ithemselves operate the photophonic transmit- <
extent of. movement in their rods will give a‘| ter and. jmpress their own character or form of
greater angular movenient to the slats, .. :. .| vibration-upon the movable-part.of the appa-
1t will be seen- that none of -these forms of | ratus which controls the'Beam. :- -~ . .
- 8creens or interraptions will give an intermit-'| = In'the apparatus, Fig.'8, the movable partl 110
45 tent beam, a8 herein -described, unless they 1 of ascreen-grating, & I, like that shown in Fig, -
. .‘are wholly- closed at each vibration; bat if 14, is attached to the center of a diaphragm, o,
there be any vibration at all, the strength, and. | constracted, mounted, aud arranged in-a sound-
- consequently the effect, of the pencil of Tays | chamber, as i8 usual'in electric speaking-tele-
- which pass beyond: the instrument, though | phone transmitters. - When spoke to, this dia- 115
50 never wholly interrupted, will vary in accord- phragm: and. the movable part of the screen -
- ance with the period and with the amplitude | attached thereto take up from the sonnd-waves
of the vibrational mevement of the moving | the peculiar character of vibration due to the
part of the transmitter. . These variations | quality of the sound uttered.. The same char- -
in the strength - of the total ‘beam, falling | acterof vibrational change is therebyimparted 120
55 upon the sensitive body employed in the | to the peneil of rays which passes through the
receiver, will cause in its- condition- changes | instrument, and by them to the sensitive body
. Which, in 't%eir'rapidity of succession and “in the receiving-instrament, where it is made _
in their extent, will correspond to the vibra- sensible by a sound of corresponding quality,
tional ‘movement in the transmitter. . Wheii | and the words uttered into the transmitter are 12 5
6o these changes are made sensible as:sound heard to proceed from the receiver, L “h
the pitch of that sonnd and the loudness bf‘ 1t is .obvious that the diaphragm, instead of .
‘that sound will be_controlled by the period |- b ing :operated direetly by the souind-waves,
and the amplitude of tha motion given to the | could be made to vibrate by electrical means,
vibrational part of the transmitter... < - | gneh- as used for imparting vibration to the 130
65 - ’I_‘hemaremany‘wa:ys in which vibratory mo- -diaphragm of a receiving-telephone. . |
-tien can be. communicated - to ‘these or other |- M is well known ‘that the extent.of motion -
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~which ecan be given by the voice to a dia-

phragm and the parts direetly connected with
itis quite small. By making the slits or open-
ings in the screen small, a slight éxtent of mo-
tion will cause a great percentage of change—
i. €., from an almost total interraption to the
passage of one-half the rays—and by snitable
means the rays can be so coneentrated thab
this range of tariation will produce a great
absolute change in the radiant energy falling
on‘ the sensitive body. . In. passing therays

- throngh fine. slits, however, some difficulties
~ arise in the nature of interference. I have

15
20
A .25
.30

35

" other cases described.

obviated these by another form of articulate-
speech transmitter, which I will presently de-
seribe. ' T . :
- In Fig. 8 the radiant body is-shown as the

flame of a candle, p, and: the lens brings the’

divergent-rays thereof to the condition of a

parallel beam, which is controlled by the grat-"

ingskl. , S -
" Another method is to bring the rays io a

‘focus, 2, Fig. 9, and instead of the grating % I !

cmploy two plates, ¥’ ¥, one fixed and the other
connected to the vibrator or diaphragm o, the
said plates having a hole, 8, of the size and

form of the image at the focal point, and the-
‘hole of the fixed grating coinciding with said §
image in position to allow all the raysto pass-

throngh-it. The movable plate, in passing to
and from a position with its hole:coinciding

with that of the fixed plate, alows or obstructs

the passage of a greater or less portion of the
pencil of rays, which are then directed to and

act upon the receiving-instrument, as in the

A single plate constructed in i;hi/s' manuner,

- when properly guided; will operate in the same

40

45

‘moves from the
_the beéam. Do s 7.
- The receiver, which is shown in-Fig. 8, de-

- .way, and by giving such a plate a movement

parallel to the axis of the pencil of rays it will:
intercept an inereasing portion th
focal point, and thus control

pends apon the property hereinbetore referred
to as belonging to certain substances, notably

" properly - prepared selénium, of undergoinga

great, instantanéous, and substantially pro-

- portional increase of conductivity when acted

" 50

upon by the rays procet}dil!g'fl'om-the sun and

- -other similarsourees. .

- 55

" A piece of selenium, S, brought into & suit-

" able -condition and suitably” mounted, forms

part of an. electric circuit, sapplied with a cur-

Tent by a constant electro-motive force, as by
‘the: battery B. This selenium i3 exposed to

the rays-which proceed -from the transmitter,

_and every variation -cagsed in- its conduectiv-

- ity produces a corresponding variation in the |

6o

6s

strength of the current. These variations will,

‘in the manner now well known to electricians,
‘operateanelectricspeaking-telephonereceiver, -

T, (or other-sensitive electricdl instrnment,)
placed in the eircuit or connected with it, and

this telephonic receiver will give forth the ar--

A

¢

of as it

‘tienlate words which_have been uttered into:

the photophonic transmitter. - - .

-

.5v

» In another application I have described the- ‘

manner
ninm. - L :

Inow remark, however, that as the selenium,
even when in its most favorable condition, is
of high resistance, it is desirable to interpose
it in the circuit in the form of a conduector of
bat slight ledgth and of large area, which may
be done very advantageously by some novel

of preparing and mounting the sele-

' forms of cells to be hereinafter . described.

Some of the best forms of apparatus for this
purpose consist; generically, of. two- or more

plates of good conducting metal, separated So. .

‘by a thin sheet of insunlating material placed
between each pair of plates.- This insulating-
sheet has a-slightly smaller surface than the
conducting-plates, and the space thus left is

filled up with selenium, which thus serves as’

a conductor between the two plates. .
Xt is obvious that this construction enables
the selenium to be used in the 8hape of a con-
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ductor of large area, nearly all of which is ex-

posed to the rays, and of an extremely short

,which may conveniently beé a sheet- of mica,

! ‘9o
length, equal to thethiekness of the insulator; - .

while it. uses very little seleninm, and it is -

by heating the metal eell and fusing the sele-
‘niom into the cavity left between the two
plates when the insulater-is placed betweei
“them. ~ A considerable number of these’ cells

‘may be built up side by side and connected in
parallel: branch circuits. Besides mica, the:

paints which are employed. inpainting on
china may bé used “to separate the metal

very easy to work the selenium into this shape

95
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plates when baked. As.the plates are heated -

the said paint becomes porcelain. Various
forms of cell constructed on.this plan will be

are described -in. other applications filed by .
myself, and other applications filed by myself .

#nd Mr. Sumner Tainter jointly, and others =~
L 110
«ander control of - .

filed by Mr. Sumnper Tainter. . .

‘The electric circuit being

the :seEenium resistance therein, and the sele-

niam under control of the pencil of rays, and

the rays ounder the control of the transmit- . .
115

ting-instraments, it is obvious that any instru-
ments which¢an be ¢ontrolled by slight vari-

ations in an electric current—sach as, for in- -
stance, the u§nal telephonic instruments—if.

-

‘placed in the eleetric - circuit .with the.said

- selenium,, will be controlled by and will emit- _
sounds ‘corresponding to theaction of thesdid .- ™ -

10'5' '
hereinafter described. Other-forms of cells =

120

transmitting apparatus on the beam which =

falls on the selenium.

sound-waves due to the voice serve to give to .. -

the movable part. of the transmitter a vibra-.
tional movement of corresponding: ghiaracter, ,

R

Fig. 10 illustrates snother apparatus for -
‘ansmitting “complex. sounds .or articulaté izg -
] speech. As. in the form last described, the

R

and this movement, in turn, impresses avibra- 130 - -
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tional or alternate variation of corresponding
character upon the amount of radiant energy

_falling upon the sensitive part of the receiver.

«The pencil of rays is passed through a suit-

“able concentrating apparatus, &, (shown' here

as & lens,) and also-through a heat-absorbing

“apparatas, a', which prevents thie heat-rays

from warping the reflector of the transmitter.

-1t then falls upon a reflector, r, (shown as a

Tor
' -direct theraysto thereceivere.) Afterleaving

Plane reflector placed at such an angle as to

" this reflector the rays may be caused to pass

through 2 lens, &, in order to givethem the de-

“gired parallelism, if they do not aiready pos-

5 d
"concentrated on the refleetor » than in their,
path from the transmitter to the receiver.
~Arrived_there they are caused to fall uponthe

20.
‘ «mirrors’. .Tracingthe path of asinglerayfrom

sess it.. -In the drawings they are shownmore

sensitive receiver either directly, or, as in the
drawings, after furthef concentration by the

the lens ¢ and cell a.it will be seen that its

" path from' the reflector » will depend upon the

25
... If the reflector be so placed normally tha

30
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angle at which that portion of the reflector #
on which it falls is presented fo it. ° -

the ray will pursue the path toward the ré:

ceiver shown in the drawings, then a slight
change in the angle of incidence of that par-
ticular ray will, if in one direction, so alter the |

subsequent path of the ray as to divertitfrom
the receiver, or. if in the other direction will
direct upon the receiver.rays which otherwise

mightnot have reached it. Any such change
-will therefire vary the amount of radiant en-

~érgy exerted upoi the receiver. -I construct
_thisreflector r of some material—such as glass,

“gilvered, or thin polislied metal—which will

. ,take up from the sound-waves of the air their
40 g IS H .
“with -them as truly as the -diaphragm of a

peculiar motion and vibrate in accordance

speaking-telephone does. As it vibrates, each

“portion of it departs from its normal position

.as-part of u plane surface, and-bends or tips

45’
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iore - or’ less in one” diréction or the other.
Coitsequently each 1ay reflected: from it is
‘more or less diverted from its normal path,

and thereby the total amount of radiant en-
“ergy exerted’on’ the sensitive receiver by all
‘the rays reflected from the transmitter varies,
‘at each instant.

" The extent of variation from instant fo in-

_stant,the direction of the variation, the period

of ‘each variation, and the character of each

-variation depend upon the vibrational move-
‘ment of the transmitting-reflector,which causes

the changes, and therefore the same characier
of vibrational movement given to the trans-
mitter by the voice reappears in the varia-
tions in the radiant energy operative upon the
sensitive part of the receiver, and eonsequently.
inthe sound or other effects due to the changes
in, that .sensitive body. The words spoken
against the transmitter are thereupon heard

to proceed from. the receiver. I have thus

transmitted articulate speech, using as a re-
Hector a disk of silvered glass thirty inches
in diameter, of tolerable thickness, and have
obfained: clearer and better articulation by
using as reflector a disk of thin glass, such as
iz used for mounting objects for the micro-
scope, properly silvered,and about two inches
eiu diameter._ S -
. In the drawings the reflector r is shown as
mounted ina mouth-piece such as is commonly
used in telephones. . It is essential that the
month-piece” should be so fixed and the re-
flector so-held in it that its normal position
should always be the same,.in order that the
rays may be directed to the receiver.
It will sometimes be desirable to mount the
transmitter so as to give it a universal move-
| ment. A inounting similar to that of a tele-
_scope of a surveyor’s transit accomplishes this,
and a similar gradoated limb is often useful.
- The mouth-piece or sound-passage may be

readily used with the mirror r in any desired
angular position. T
T do not herein specifically claim this par-
ticular form -of transmitter, as it is a joint in-
_vention of myself and my-assistant, Mr. Sum-
“ner Tainfer, and will form the subject of a
‘joint. application.: - , : :
4. small telescope attached to the instra-
ment may be used as a finder. .
The beam, after passing from the countrol-
fing or transmitting apparatus, is received, as
“in the other forms: deseribed, upon u collect-
ing and condensing instrument, (shown in this
‘instance as a parabolic mirror, ¢',) by which the
rays are eoncentrated on a seleninm cell, 8, of
pecaliarconstruction, as will be Lereinafter de-
geribed. - The said cell is placed at the focal
point of the said’mirror &, and is adjusted in
position as shown. It is supported at the end
“of the tube £, passing through a socket at the

'sition thefein by a set-seréew;w. The elec-
trodes 11 12-pass out through the said tube,
- and may be connected with a battery and tele-
phonic or electrical instruments, as before de-
seribed in.connection with Fig. 8.

. A small- telescope or “ finder,” w, may be
employed to enable the operator to give the
proper direction to the axis of the mirror; or
this may be -done by sighting through the
tabe ¢. o .

in plan and sectign, Figs. 11 and 12, and the
different parts thereof in Fig. 13." This cell
has an arrangement similar to; but in con-
struction is different from, what is knowin as
“ Siemens spiral.” : R

Two ribbons, ¢? 27 of suitable conducting
material, preferably brass, form the terminals
of the poles of the baitery B, the said ribbons

insulating material, which is slightly narrower

than the metal strip, so as to leave a slight

made ds a-flexible tube, to enable it to be

A simple form of selenium cell S is shown ‘

‘being separated by thin strips ¢” of suitable/
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vertex of thie mirror, and held in adjusted po- -
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open space between the edges -of said strips.
The whole is then coiled into a flat spiral, in
order to give it a more convenient form for
exposure to the action of the rays, a second
strip, @?, of insulating material being inter-

"posed to prevent conductive contact between

10

13

20

25

30

‘between them, as shown at ¢..

the consecutive coils of the spiral. The said
coil is then heated to.a temperature slightly
higher than the melting-point of seleninm and
solid seleninm rubbed over its surface. The
selenium melts, filling the channels between
the metallic ribbons and forming a connection

-Ribbons of mica may be used as the insu-
lating material to separate the plates, or they
may be coated with enamel paints or Japan
varnish, in- which case a farther amounnt of

-metal may be electro-deposited on the edges

of the strips to give them the proper salience,

or to form suitable ehannels for the reception

of the selenium. - C o
Another form of seleninm cell that I have

‘used is illastrated in plan and section in Figs.

14, 15. In this case the conducting and insu-
lating materials are arranged in alternate par-
allel strips a® b® ¢*- @, and only the alternate
strips ¢® of insulating material have a smaller
extent . of surface than the inclosing metal
strips, so that the selenium €2, deposited, as be-
fore described, in the channels left for it, will
connectonly alternate pairs of the said strips——
that is, connect each strip 5* with the strip a*

~ on one side thereof, but not with the strip a®
" on its other side. The strips a® all project on

'35

.40

45

one side and are electrically eonnected to-
gether by the rod f3, and the strips 33 are con-

‘nected on the other. side by the rod ¢3 and

cach connected set of strips with. one pole of
the battery, or, in other words, placed in a cir-
cuit which i1s.completed by the selenium 2. -
Another form of cell used by me, and shown
in plan and section in Figs. 16, 17, consists, es-
sentially, of a wmetal box, a4, and ‘a disk, 3%,

fitted in and insulated from it. The said disk

is provided with a series of tapering holes, 20,
amd the bottom of the box with a series of pins,

21, of slightly smaller diameter than the holes,

50
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- -0 that when in place the said pins pass into
. the said holes, leaving a narrow annularspace

around each pin. These annular spaces. are
filled with melted selenium ¢?, which thuscloses
the circunit between the box and disk. 1 do
not specifically claim this particular form of
cell, as it was invented by my assistant, Mr.
Sumner Tainter, by whom an application for

‘Letters Patent on the said ¢ell will be filed, in

which:its construction will be fully described.

Another cell which has been nsed with ex-
cellent results is shown at 8/ in Fig. 10, and
in side -and end views, on a larger scale, in
Figs. 18 and 19, and in detail in Figs. 20, 21,
22, 23,24, Itisnot herein specifically claimed,
as it will form the subject of a joint applica-
tion by myself and Mr. Sumner Tainter before
nentioned.
Similar to that of the cell deseribed in con-

The principle of construction is.

7

nection with Fig.14; but the surface tobeex- .

posedis cylindrical instead of plane, such form
being preferable when nsed in connection with
a parabolic mirror as the instrnment for con-
densing the rays, as shown in Fig. 10, :
Instead of rectangular strips of condueting
and insnlating material, circalar disks a® b° ¢
are used. ' Those marked ¢%, of insulating mate-
rial, are slightly smaller in diameter than those
@* 1%, of conducting material, so that anualar

channels are left between the edges of the con-

dacting-disks a° I°, around the periphery of the

70

75

insulating - disks ¢%, and in tius instance sueh

channels are left between all the said disks a® p®,

“so that each disk a° will be eonnected by the ad-

Jjacent annular rings ¢?, of selenium, with both
the disks 6° on either side.

8o

The disks aré each -

provided with a central hole, 25, to enable

them to be leld in proper position.on a man-
drel, wherethéy are clamped between tivo sait-
able end plates, 4° #°, the disks of metal 4nd
insulating material being alternated on the

said mandrel. The conducting-disks are elec--
90

trieally connected together in two sets of al-

ternate plates, a® °, between which the circuit

85

is completed by the annular rings of selenium -

€%, following the channels around the disks of’

insnlating material ¢>. This counection is ac-
complished as follows: The disks are provided
with Holes, shown as four in number. In the

95 "

conducting-disks two of the holes, 30 31, are

of larger diameter than the other two, 32 33,
which are of the same size as all four of the
holes in the insulating-disks. In placing the
disks on the mandrel the holes are all placed
with their centers in line, and the large holes

I00

-30 31 of each conducting-disk are in line with -
the small holes 32 33 of the conducting-disks -

on each side of it; or, in other words; in a given

10§

line of holes all those of the plates a® will be "

of different diameter from those of the plates b%.
A cylinder of conducting material of a diam-

eter-equal to that of the small lioles driven -

through a line. of holes will touch and electri-
cally connect the alternate conducting-plates
‘havingtheirsmall holes in thatline, and willnot
touch the other plates. Two of the cylinders,
J? willconnect together all the disksof oneset,
as a®, which will form one terminal of the cir-
cait, and the other two cylinders, ¢°, will con-
nect the disks of the other set, 0%, which will

I10

115

form the-other terminal ; but the two sets a* b* -

will be connected by the selenium 2.

In order to insure a more perfect connection
between the plates a® and cylinders /3, and the
plates ¥ and cylinders g% the said cylinders
are made tabunlar and one or more slots, 40,
cnt longitudinally through their sides. 'Wash-
ers ¢%, of insulating material, are placed within
the large holes 30 31 in the conducting-disks,
so that the said washers gompletely insulate

_and separate ‘that portion of the said disks

from the cylinders. . )

. Melted conducting material—as, for exam-

ple, type-metal—is ponred into the tobes f° &%,

and, passing through the longitudinal slots,

120
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makes a perfect connection with the plates hav-
ing small holes 32 33 around the said tubes, as
shown in Fig. 23, where the type-metal is in-

“ (icated by the letter J7, but is prevented by

o

15

20

25

-the washers ¢® from making a contact with

the plates having the large holes ad]acent to
it, as shown in Fig. 22,

Instead of the Washers &, of insulating ma-

terial, smaller washers or rings of any mate-
rial—-—as, for instance, metal—may be used to
confine the moltern wctal and prevent its con-
tact with the plates at the large holes, the said
rings themselves being too bmall in dldmcter
to touch the said disks.

Instead of using molten metal in the tube
to form the connecmon, pulverized conducting
material may be used—as, for example, metal
filings, spelter forming aun excellent’ connect-
or—and in sach case the cell is much more
readily taken apart. Nuts 2% on the ends of
the tubes J? ¢° serve to hold the whole to
gether.

The cell is heated aud the selenium melted
thereon, and in all cases I have obtained beg-
ter results by filing off the selenium which
covered the edges of the conducting disks or
strips, and lea.vmv only the selenium between

. the said conductlug strips or disks.

30
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“sulphide of carbon, stops the operatlon of the_
‘apparatus.

55

- After the surface is finished the mandrel, if'

of conducting material, should be removed

and a-handle or tube, t may be serewed mto_

one of the end plates, h5 as a-means- for hold-
1ng tho cell in position.

~I have shown an alum cell placed in the
path of'the pencil, so that the only rays which
operated the instrument were luminous rays.

I have also produced audible effects with a
selenium - cell receiver when I removed the
alam cell and substituted a thin sheet of hard
rubber—say one-eighth of an inch thick, and
therefore sengibly opaque to- llght——and also
when I placed in the path of the rays both the
rabber and the alum cell. I do not therefore
intend to limit myself to the employment of
any particular portion of the rays which pro-
ceed from the sun or other similar bodies.

‘I have called the apparatus a* photophone”

Dbecause an ordinary beam of light contains’
- .. rays which are practically operative.

I will
remark, however, that cutting off the luminous
rays of the sun which have passed through
the lenses, as by 'a soliition of iodine in bi-

I have also employed with the selemum cell

-the rays of gas, of a petroleum-lamp, and of a’

candle, and of the lime-light. For many pur-

. poses_an artificial source of light the posi-

tion of which can be adjusted at pleasure, and-

kept unchanged and unaffected by night or
weather, is more convenient than sunllght

I haye employed prepared seleninm as a
type of one class of sensitive bodies whose
changed coundition 1( manifested by the vari-

ation in the resistance they affordto a constant’

of another classof bodies the changes in which
can become directly andible as sound.

Ihave described forms of apparatusin which
the radiant energy falling upon a sensitive
body operates to vary the resistance of the cir-

70

cuit of wliigh it forms part,.others to vary the -

electro-motive force of current in the.cireuit.

The strength of the electric current in the
receiv mg‘clrcult may also be varied by vary-
ing the electro-motive force developed in that
circuit. Thus, for instance, a thermopile; when
used as thesensitive partof thereceiver, woald
alsobe directly affected by heat-rays,and would
give rise to varying currents -in ‘a circuit in
‘which it was placed; but in order that tones
may be so produced, the’ thermopile must be
not merely sensitive but much more rapid in
its action thau those ordinarily known.

Rays of light, as distinguished from rays of
heat, will develop an electric current when
fallmo' upon the junction of two different
metals when reduaced to the form of thin films.
Light.falling on: gensitive selenium will also
develop ‘a current capable of giving electric
gignals. In both these contrivances, lhow-
ever, special rapidity of action as wcll as great
sensitiveness is required.

A beam of heat-rays, by falling upon a ma-
terial arranged to absorb them quickly and
again cool quickly—as fine wires strained—
may be made to exhibit its variations.

The amount of rays allowed to act on the re-
ceiver may bemodified by controlling thesource
from which they are derived, instead of inter-
cepting or deviating them in their path. The
well-known manometric flame apparatus is
stiitable for this purpose. The motion required
to operate such a flame apparatus may be
gn en, as is well known, by the voice.

"The supply of gas for-a barner may be al-
lowed to pass through a grating'similar to that
shown in Fig. 4, and when the movable part
is vibrated the ‘supply of gas will be con-
trolled accordingly.

The beam may pass from the transmitting
to the receiving instrument by other than di-
rect paths, if necessary, and for this snitable
reflectors or other dlrectmg instrament may
be employed.

The instruments may be arranged with ref-
erence to each other according to the uses de-
sired to be made of them. The transmitter
and the sensitive body may be placed near to-
gether or be separated by any distance over
which the rays can pass effectiv ely.

If the transmitter be operated by an elec-
tric current, the circuit which carries that cur-
‘rent may be of any desired length and ar-
ranged in- any appropnate W ay known to elee-

Jtricians.

-If an electrlcall,s -sepsitive receiver be used—
as, for example, a seleninm cell—the circait
which contains it may be extended to any suit-
able dlstanoe, or may be connected with an:
‘other circuit by induction:-coils’ in a’miaiier

current, and a dlsk of hard rnbber a8 a tvpe and for purposes well» known 10 electncians,
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and to those who are familiar with variable:
resistance electric speaking-telephones.
Indasmuch as the rays have no inertia and
are inflexible, a slight motion of a reflector—
such, for example, as it will receiveif attached

to.the diaphragm of a receiving-telephone—

can notonly be made to manifest itself aslight,
(as in a reflecting-galvanometer,) but also as
sound, or as i variation of an electric current
in a.secondary’or local circnit. supplied with
its own battery. . PR

The sound produced in the receiving-tele-
phone is a fanction. which is affected by:at
least three variables—namely, the character
of the disturbing rays or of-their source, the

‘character of the variation in the path of those |

rays, the character of -the sensitive body. .
“In the apparatus shown in the drawings,
when mounnted for use as there arranged, the
second element is all that varies, and the
others.remain constant. In one form which I
have mentioned—that in which the source of
rays is a manometric flame—the variation isin
the source itself, the path of tlie rays remain-
ing unchanged; but it is obvious that wheén

one element is removed and’'replaced by a dif-

ferent one—e. g., when one - sensitive body is

" . replaced by another, one source of radiant
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energy by another, one partially-intercepting

body by another, the other elements remain-

ing the same—this change will produce a cor-
responding change in the audible results and
can be detected by the sense of hearing.
- T elaim— . - _ : '
1. The herein-described method of signaling
or communicating, which consists in control-
ling a beam of rays, as to its amount or active
strength in accordance with the signals to be
given, and receiving the said rays on a sensi-
tive substance forming a part of an electric
circuit and affected as to -its resistance in ac-
cordance with the amnount-or strength of the

‘beam received upon it, whereby electric appa-
-ratus in the said circuit may be controlled to
give signals corresponding to the coutrolling’
‘influence imparted to the beam. :

2. That improvement in the art or method
of transmitting or reproducing. sound which
consists in giving a beam of rays an undulat-
ing or intermittent character in accordance

with the sound-waves it is desired to produce, | -

and providing a receiving apparatus adapted
P g ’

when acted upon by the said rays, to produce

air-vibrations or sound-waves corresponding

to the undulations.or variations in the said X _
1 of a photophonic transmitter, of mechanism

beam, substantially as described. ,
3. The herein-described method -of trans-

mitting ‘articulate and other sound by caus-'
ing,in the rays proceeding from a photophonie”
transmitfing-instrument to a photophonic re- |

ceiver,undulatory variations in radiantenergy

similar in form to the sound-waves accompa--

nying said articulate and other sounds. -

4. The herein-deseribed method of produc-
ing sounds of any desired pitch, amplitude,
and aunalitv bv éxnosine a bodv sensitive to

radiant energy to rays whose effective énergy,

exercised upon said sensitive body, is caused
to vary in accordance with the vibratiopal
form of the sound-waves appropriate fo the
sound to be produced. g

5. The herein-deseribed method of trans-
mitting articulate and other. sounds by caus-

sounds to produce similar variations in the

beam of rays proceeding from a photophonic

transmitter to a photophonic receiver.

6."In an apparatus for communicating sig-
nals, a beam-controlling apparatus to impart
a varying character to a beam of rays (froma

radiant body) and a receiving apparatus sen- .

sitive to the said beam and operated thereby,
to give signals corresponding to the -varia-

70

ing the sound-waves which constitute said
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tions in the said beam.imparted by the. con- -

trolling apparatus.

. 7. The herein-desecribed apparatus for trans-
mittipg articulate and other sounds by cauns-
ing,in rays proceeding from a photophénic
transmitter to a photophonic receiver, undu-
latory variations in radiant energy similar in
form to the sound-waves accompanying said
articulate and other sounds.

8. In .combination with a photophonic re-
ceiver, a photophonic transmitter, the source
of radiant energy of which is varied or con-
trolled substantially as described. -

9. In an apparatas for producing or repro-
ducing sound at a distant station by meansof
variations in radiant energy, means, as de-
seribed, for varying the amount of such energy
which reaches the distant station by motion
imparted to the transmitting apparatus. .

10. A photophonie receiver adapted to pro-
duce, by the action of a beam of varying char-

acter from:a radiant source, dynamic or elec-

tric effects corresponding with said character,
substantially as deseribed.

11. Inanapparatus for sound-transmission,
a device for controlling the beam during its
passage from its source, in contradistinction
to controlling the source itself, said device
being actuated by the waves which ¢onstitute

.8aid sound to give the beam an undulatory

character or variations in effective strength
similar in form to the said sound-waves, sub-
stantially as described. : :
12. In a photophonic transmitter, the com-
binatiou of a movable and an immovable por-
tiqn to control the amount of radiant energy
passing from it, substantially as described.
.13. The combination, with the movable part

operating electrically for giving motion to said
part, substantially as deseribed.” -

14. The method of producing a beam of va-
rying character for photophonic transmission

- by controlling the amount of radiant energy

which is allowed to pass in the desired direc-
tion from & constant source.

*15. A beam-controlling ‘device comprising
a vibratory medinm and means, as indicated,
for varvirg the amount of radiant energy

85

90

95

I0C

103

11§

120

125

130




10 235,599

which 'is allowed to proceed from a constant

soyree in a given direction in accordance with

the vibrations of said medium, substantially
as described. .

s - 16. The combination, with a transmitting

" apparatus to give a beam from a radiant body

‘an undulatory character or variations in effect-

ive strength, of a receiving apparatus sensi-

tive to_the said beam and having the prop-

10 erty of emitting sound under the influence and

corresponding to the character of the said
beam, substantially as described.’ .

17. Inanapparatus for spund-transmission, -

a transmitting apparatus to control a beam

g from a radiant body, and a receiving appa-

ratus containing, as a portion of an eleetric |-

eircuit, a device the electrical condition of which
is varied in accordance with' the strength or
character of the beam affecting it, and tele-

phonic instruments in cirenit therewith, sub- 20
stantially as described. ) '
18. In an instrument containing selenium -
as a portion of an eleetri¢-circuit, two or more
ﬁtrips of conducting material separated by in-
ulating material, arranged to leave a portion 23
of the space between the -said strips unoccu-
pied'thereby, and seleniam placed in the said

- unoccupied space.to complete an -electric cir-

coit between-the said condueting-strips, sub-
stantially as and for the purpose deseribed. - 30

1. In testimony ‘whereof -I have signed my

name to this speecification in the presence of
two subseribing witnesses. - S

 ALEXANDER GRAHAM BELL.
‘Witnesses: '
. Jos. P. LIVERMORE,
ARTHUR REYNOLDS.




