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PaTeENT 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_HOTOPH.ONE.", o

«

SPECIFICATION forming

part of Letters Patent No. 285,199, dated pecenib:er-'?, 1880,

Application filed August 28, 1880. (No model.)

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 consists in a method of utiliz-

ing radiant energy and of applying it by suit-

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

10

The, rays which proceed from the san 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 béen able to take notice of.. This.

- changed condition may be fitly called a “state of
strain,” and I have been able to make it mani-
. fest in various ways in differerit substances.
25
- of changes, = .. . .
- The changesin thesensitive bodiesemployed
in‘the apparatus I shall describe:follow the
30 falling upon-them with-such extreme rapidity
that the two are substantially coincident in

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

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 Lody will therefore

‘correspond with the variations in the distarb- |
ing cause both in extent and iu rapidity of sue- .
cessipns.  If, therefore, the energy of the rays |,

acting on the sensitive body passes alternately
from & maximum to a minimam—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-

5o 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 straim,
‘and vice versa, can impart & corresponding

My discovery and. invention relate to this class

changes in the energy of the distarbing rays’

while passing from a maximuom 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 g5
to the curve which represents the variations
in the distarbing rays due to natural canses,or
which may be impressed upon them by arti-
ficial ‘means. : .
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. I have also dis- . -
covered and invented a method and an appa-

ratus by which the changes in ‘the sensitive 65

motion to theair. If thechanges succeed each
other with sufficient rapidity and possesssuf:
ficient amplitude, the vibrational movements 70
thereby imparted to the air becomé sensible .
as sound-waves, and a.sound 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 -
thecharactéror vibrational form of the changes. -

_ The radiant energy which affects the sensi- -
tive hady may be varied in several ways. - It
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 coutrolled in their
‘passage from the source to the sensitive body—
for ingtance, a part or the whole may bé 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-
‘Tupting it, or: they may be  more or less con-
centrated upon 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. If -
ay-be normally wholly protected from them, -

‘and then partially or wholly exposed to them, g5

-or it inay be normally partially- exposed to

their influence, and this exposure'may then be’ - i

alternately increased or decreased..

- In the forms of apparatus which I have de-~ '
‘viged the desired variutions in the rays em- 1oc

ployed .to affect the sengitive body are pro-

‘duced in these various ways by means of m~



2 235,199

tion imparted to thé appropriaté part. of the

transmitter.  The extent and character of the
changes thereby caused 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 eapable of vi-

brating, or its equivalent, the character of

motion thus taken up from the airat 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 transmittin rr-stzmon is Lieard
at the receiving-station.

" The receiving-instrument consists ot devices

25 10 receive the beam from the transmitter and

 direetit upon tbe Sensitive body, together with

- the sensitive .body itself, and, when needed,

apparatus connected therewithto produce air-

- vibrations or sound-waves.

30 . Anessential part of the re(.eiver is the bodv
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 electric con-’

3 5 ductivity is vatied by the rays which fallnpon
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 conductivity or resistance. My apparatus
40
current in a ¢ireait, which includes-the sensi-
tive body, and a]so includes a telephomc re-
ceiver, which will thereupon give forth a

sound whose. charactex5 or quahty will ¢orre-
spoud to the character of the said variaticns, |-

45
- Seleninm, when.in the properstate, is the body
which I have found most eﬂ'ectlve for this pur-
pose. .
: Ihave also found that of various substances,
50 hard rubber especially, in"thin sheets—say
' phone dmphragm up to three millimeters—is
80 sensitive that when the sun-rays, concen-
trated by lenses or reflectors, are allowed to

55 fall apon it, and these.rays are rapidly inter-.
-rupted, the ear, placed in contact with. or in |-
close proxxmlty to the hard rubber, will hear

proceeding from it a sound whose pitch varies
with thefrequency of themterruptlons aud cor-

- 60 responds. to that frequency.
1 have obtained audible results by usmg as
, disk of hard rubber, as described,
"and plates of  gold, silver, platinum, aluminnm,
-iron, ‘steel antimony, lead, Babbitts- metal,

Germsn sxlver, and ordmary tele-

those changes giverise-depend for their pitch.

‘uses this kind of sensitivenéss to vary the

. from the-thickness of an ordinary hand- tele- -

packing, - tmned dron; 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,
<|‘)aper, different kinds of wood, patent-leather,

rnleanized fiber, celluloid, 1\'ory, silvered glass,
and other substances.

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 enq, 80
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 effeet of interruptiens
whose frequency corresponds with the normal
pitch of the tube. I have obtained audible
results with tubes of soft valeanized rubber,
of brass, atid of soft wood, about one-half inch
in diameter or less.

I now proceed to describe certain forms of
apparatus jn which I have emhodled 0y in-

1 ventlon.

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

* the ¢ photophonic transmitter;” of an instru-

ment by whieh  the- vunambns produced in

' the sensitive body are directly or indirectly

made sensiblé as sound without the interven-
.tion' of electricity, or as electrical variations

“which are capable of produacing sounds or sig-.

nals by means of an electric speaking tele-
phonic’ receiver or other suitable electrie sig-

naling-instruoment, (this part of the apparatas
T will call a “photophomc receiver;”) and of

- various devices for giving the proper direction-

or diffusion to.the rays employed. ™These in-
struments must be suitably arranged and
p]aced with reference to each other.

‘I'have. spoken of the beam-controlling ap-
paratus as the ¢ photophonic transmitter,” and

75

8u

85

90

95

10Q

the sensitive body and parts connected with

itasthe photophonicreceiver,” and thisistrue
if we consider chiefly the action of ‘the beam
[itself; but, conmdemng 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. ¢ vamable-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 dlstauce, they should, to obtain the best

result, be formed, into a parallel pencil in or-
der to ‘preveut dispersion and loss of eftect.
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 there, and this con-
_centration’ ‘may be wholly or . partially coutin-

12¢C

13¢

ued till they reach the sensitive body, or they

| may be there agam eonoentmted 8O a8 to ex-



~

‘ercise thelr fu]l efféct on a small surface, which
ig important in most forms of apparatus,
This management of the rays may beeffect-
ed by wellknown refracting and reflecting de-
vices, the:-arrangement of-which . 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 couvenient path, and it will be
noticed hereinafter that 1 have made one of

" the most efficient forins of transmitter by avail-
ing mnyself 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 sur-
face.

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

ratus embodying iy invention in what I have

found to be a siinple and effective arrangement

* for the production of a musieal sonnd 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 it. from a plane mirror or helio-

- stat, @, into & condensing apparatus, (shoivn.
as a lens, b,) which should be aplanatic and"

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

" passageof obscurebeat-rays without obstruct-

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 fonnd with cer-

tain forms of receiving-instraments employing

. -seleniam such a heat-sereen does not to any
greaf extent diminish the effect produced

" The passage of the rays at the point 2 may

_De interrupted or controlled in any suitable

; manner—as, for instance, by an interrupting

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

the pemphery of the said disk lies in the path-
of thie rays; and at or mear the foeus 2 this |
digk is provided 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 point2.
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

' 8aid holes, which blanks should: be at least as |

- lafge as the sectional area of the beam at the
point 2 to insure its complete mtereeptlon. A
_series of alternate impulses and interraptions
will thus be produced, constituting what may
“betermedan “mmrmment beam.” Thisbeam
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 diaplragm, f; 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 corrésponds to the rapidity
of interruption of the said beam caused 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 whiech 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 I

- The said condensershould beaslarge as possi-

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

70

15

8o

instruments may be used in ‘connection with

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

forms ot transinitting - instrument. Various

modifications of both.of these will be herein-
after descnbed

857

‘By varying the veloolty of’ rotatlon of the' :

disk ¢ 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 interrap-

“tions' is continuonsly in" the same direction.
1 bave devised other forms to be used instead

of it, anil in which the screens employed op-

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

‘In this forn of trans- .

90

95_ '

to-the moving part thereof. By means of these .

pacity tothe apparatus.

Flgs 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 slitinthe 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 sgaoo allowed for the" rays is dimin-

islied or e tirely cat- off.. If it be maved

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

113

the increase or diminution will be dlrectly pro- .

~pomoual to the amplitude of the motion.’

Such gratings may be constructed with act-

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

oﬂ: 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, forexamplé,) which may be scraped
I have found :

125

‘maxihum amount being reflected when the -

polishied. portion of one. gratmg/ is opposite -

the slits. oy anpolished portion of ‘the other,

130 -

8o that thwsrays are reflected from the whole .

.surface of’ l)oth2 and. the minimum effect is- -
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" when the pohshed poruon of one is behind’

that of the other, and thus rendered inopera-

tive for reflecting. ~ In some instances both

gratings may be madeé movable, in which case
5 they should be so arranged that any actnating
impalse would wmove them in’ opposxte du‘ec}
tions.

In the form” of .intercepter or beam -con-
troller illustrated in Figs. 5, 6, 7, a series of
slats, m, of opaque materlal are plvoted asat
5,in a frame-work in the path of the rays, the
said slats being all oscillated simultaneonsly,
like the slats of a window-blind, by a rod, ;
connected with. the actuating: v1brator 'y 88
15 shown in Fig. 6. Therod n.is connected with

all the slats on the.same side of their pivoted.
"+ points, so-that they are all moved parallel;

‘but in Fig. 7the alternate slats are connected

with the rod n on opposlte sides of their piv-

as they are closed. These slats, in their nor-
mal position, close abont one-half the space,

as shown in the main, Figs. 6 and 7, (the rays.
passing in'the direction of thé. arrow,) and by’

their movement in one direction they increase

5
the open space for the rays to pass antil they.

arrive at the position shown at 6; ‘where the |

maximom amount is allowed topa.ss, whilé a.

movement in the othier direction decreases the.

30 amount nntil, in the position shown at 7 the
- TRys are wholly intercepted. .

It will be seen that when the. slats are’ open,'

as shown at. 6, they. only present their edges

35
them, so that a greater amount of 1 rays may be
allowed to pass than when the gratings shown
in Figs. 3 and 4 are used, as they never. allow

more than half the beam to pass. By connect- -
ing the rods » nearer thé pivots 5.the same’
exteut of . movement in their rods will glve a

40

greater . angular movement to the slats. ..

It will be seen' that none of . these forms ot‘_
. sereens or interraptions will give an intermit::

45 tent Leam, as herein -described, unless they
. conseqaently the effect, of the
. which pass beyond the instrument, though
50 never wholly interrupted, will vary in accord.
- ance with the period and with the. amplitude:

of the vibrational movement of the moving
part of the transmitter. These variations

in the strength of the total beam, falling

upon the sensitive body employed in the
receiver, will cause in its condition- changes
_which, in their rapidity of succession and
in their extent; will correspond to the vibra-
tional movement in the transmitter. . Whern
6o these changes ate made gensible- ag:sound
the pitch.of that sound and the loudness o%‘

55

‘that ‘sound will be controlled: by the period |-
and the amplitude of ths motion given to the‘

vibrational part of the t.ransmu,ter -
65 - There are many ways in which wbratory mo:

-tien can be. commumcahed to these or other»

ots, so that they incline'in opposxte directions:

“note; and the-
been adapted to merely control the period-

as obstruction to the rays, and their thlckness :
may be much less than the open space between |

~are wholly- closed at each ubrauon- bat if -
there be any vibration at all, the strength and
;gncll of Tays’

forms of screen. For example, the moving

-portion, being made as’ light as possible, can

be attached, as shown in Fig.- 3, to:a tuned . -

‘reed, j,. which~ may be moved by an _ electro-
magnet, either directly as an automatic cireuit-

'breaker, or by an-electric current controlled
| by any of the well-known devices for inter-

70

rapting or varying a current, oran organ-reed

mway be employed. In every such case the
sound produced at the receiving-station will
correspond in pitel and in loudness to the pe-
riod of vibration, and to the amphtude of vi-
bration of this transmitting-reed. - .

Fig. 8 ‘gshows  photophonic apparatns by
.whiéh articnlate speech may bé transwitted.

5.

8¢

I have already stated that the sound at the -

| receiving-station due’ to the effect produced-
| Ly the rays which reach. the: sensitive body -

‘there ‘placed corresponds to the character.of 85
the chianges in the energy of the penul of rays

- which reach-it.

" The hereinbefore - descnbed transmltters‘.

ppitéh. and theiloudness of a simple musical
vice§ in them have therefore

daring which the energy of the beam passes

between its. maximum and minimum.

-have Deeu -intended - to! control merely the

90

from. its' inaximum ‘to. its minimum, and the ;

range of its’ change or the difference of energy g5

In order to trabsmit articulate speech, orany :

sonnd - haviig a complex character or qual-

Aty it is further necessary, first, that the :-

haracter shall be imnpressed npon the

in the'rays, and. upon ‘the ‘motion which pro-

‘duces them while passing. -from onp extreme. -
to theother, aud, second, that thie voice of the "
“speakeror}he sounds tobe transmitted shall of

in the receiver, upon the variations

100

158

'themselves operate the photophonic transmit-
‘ter and impress their own character or.form of

- vibration upoun the movable part ot’ the appa-»
_ratus which controls the*

m,
In the apparatns, Fig.'8, the mova.ble part l

110

of ascreen-grating, & I, like that shown in Fig. -

4, is attached to the center of a diaphragm, o,

"eonstructed mounted, and arranged inasound-

chamber, as i8 usual in electric: speaking-tele-
-phone transmitters. ' When spokei to, this dia-
phragm and the movable part of the screen

11§

attached thereto take up from the sonud-waves

‘the peculiar character of vibration due to the

quality of the sound uttered.- The same char- -

acterof vibrational change is therebyimparted
to the pencxl of rays which passes throngh the
instrument, and by them to the sensitive body

sengible Ly 4 sound of corresponding quality,
and the words uttered into the transmitter are
heard to proceed from the receiver. '

120

-in the recewlng—mstrnment, where it is made

12§
a

1t is obvious that the diaphragm, instead of .

‘being :operated direetly by the sound-waves,
“could be made to vibrate by electrical means,
such -as ‘used for imparting vibration to the

ndlaphragm of a receiving-telephone. .

130

It is well kuown that the extent. of motion .
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~which can 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 suitable
means the rays can be so concéntrated that
this range of tariation will produce a great
absolute change in the radiant energy falling
on<the sensitive body. . In. passing therays

e throuvh fine . slits, howewer, some difficulties

~ arise in the- nature of interference.

15
20
. ‘25
.30

35

I have
obviated these by .another form of articulate-
speech transmltter, whieh T will presently de—
seribe,

In Fig. 8 the radlam; body is. showri as the

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

divergent rays thereof to the condition of a

parallel beam, which is contro]led by the grat-"

ingsk L.
" Another method is “to bnng the Tays to a

‘focus, 2, Fig. 9, and instead of the grating % 1 |
employ two plates, k' ¥, one fixed and the other

counected to the vibrator or diaphragm o, the
said plates havmga 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-

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

“with that of the fixed plate, allows or obstructs'

‘the passage of a_greater or less portion of the
pencil of rays, which are then directed to and
act apon the recelwng-mstrument, as in the

" other ¢ases described.

A single plate: constracted in tlns manner,

- when properly guided;- -will operate in the same

40

© . way, and by gwmg such a plate a movement
parallel to the axis of the pencil of rays it will
of as it
‘moves from the focal pomt and thus control

intercept an inecreasing portion th

the beam.

45

" properly - prepared seleénium, of undergoing a

“The receli'er, whxch is shown in’ Flg. 8, de-
pends apon the property hereinbetore referred
to as belonging to certain substances, notably

great, instantanéous, and substantially pro-

- portional increase of conductivity when acted

" 50

upon by the rays proceedln g from the sun and

- -other similar sourees.

- 55

. and every variation -capsed. in-its condaectiv-’
- ity produces a’ corresponding variation in the |

6o

65

-A piece of selemum,' 3, brought into 4 suit-

" able -condition and smtabls" mounted, forms.

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

rent by a constant electro-motive for(.e, as by
_the: battery B. This selenium is’ exposed to

the rays-which proceed -from the transmitter,

strength of the carrent. These variations will,

““in the manner now well known to electmclans, 1
"operateanelectric speakmg-telephone*recewer,_-
T, (or other-sensitive electric:il  instroment,)
placed in the circuit or counect;ed with it, and-
this telephomc reoelver wxll gnve forth the ar-.

\

-_tlcnhte words which_have. be(,n uttered mtOj

the photophonic transmitter. - -

.5v

» In another application I have described the- |

mamner of preparing and mommxw the sele-
nium.

Inowremark however, that as the seleniom,
even when in its most favorable condition, is
of high remstance, it is desirable to interpose
it in the eircuit in the form of a conductor of
bug slight length and of large area, which may
be domne very advantageously by some novel

' forms of cells to be hereinafter.deseribed.

Some of the best forms of apparatus for this
purpose consist; generieally, of. two-or more
plates of good conducting metal, separated
‘by a thin sheet of insulating matenal 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 conduetor between the two plates.

It is obvious that this constraction enables
the selenium to be used in the shape of a con-

70
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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,

g0
length, equal to the thickness of the insulator; - .

while it uses very little selenium, aund it is -

' very easy to work the selenium into this shape
by Heating the metal cell and fasing the sele-
‘niont into the cavity left between the two
plates when the insulator-is placed betweeil
“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 beé used “to separate the metal

95

100

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
dnd Mr. Sumner Tainter jointly, and others

filed by Mr. Sumner Tainter. . .

‘The electric circuit being.under control of S

the selenium resistanee therein, and the sele-
niam under control of the pencil of rays, and

the rays under the control of the tradsmit- =
I1g

ations in an electric current—sach as, for in- - -

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

L

stance, the u§nal telephonic instruments—if

‘placed in the_ electric - circuit -with the.said

- selenium,, will be controlled by and will emit-
sounds ‘corresponding to theaction of the said . -

85

10-5' '
hereinafter descnbed Other -forms of cells

_II0

120

7
)

transmitting apparatus on the beam whlch S

falls on the selenium.

nsmitting “complex. sounds .or articulate
speech. Asg in  the form last descrlbed the

sourid-waves due to the voice serve to give to . .
the movable part. of the transmitter a vibra-

tional movement of correspondmg chiaracter,
and thls movement m turn, i ampresses avxbra.-

1 3o

i

_Fig. 10 illustrates another apparatus for";.f;-'?if-‘»
128
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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 concelitrating apparatus, a, (shown here

as alems,) and also-through a heat-absorbing

“apparatas, a’, wbich prevents the heatrays

from warping the reflector of the transmitter.

-I6 then falls upon a reflector, r, (shown as a

-8
* -direct theraystothereceivere.) Afterleaving.

plane reflector placed at such an angle as to

" this reflector the rays may be caused to pass

‘through a lens, &, in order to givethem the de-

“gired parallelism, it they do not already pos-

I5
' concentrated on’ the reflector » than in: their
-path from the transmitter to the receiver.
~Arrived there they are caused to fall upon the

20.
<mirrory’.

sess it.. In the drawings they are shown more

sensitive receiver either directly, or, as in the
drawings, after further concentration by the
‘Tracingthe path of asinglerayfrom
the lens e and cell a/;.it will be seen that its

" path from' the. reﬁector + will depend-upon the

25

angle at whieh that portion of the reflector
on which it falls is presented. to it. °
It the reflector be so placed normally tha.b

" the ray will pursue thie path toward the-ré:

30

ceiver shown in the drawings, then a slight |

change in the angle of incidence of that par- N
ticular ray will, if in one direction,so alter the |

suhsequenb pdth of the ray as to divertit from
the receiver, or if in the:other direction will

: direct upon the receiver,rays which otherwise
‘mightnot have reached it.

35

will therefore vary the a,mouut of radiant en-

. ergy exerted upoll the receiver. -I construct

_thiis reflector r of some material—-such as glass,

"silvered, or thin polislied metal-—which will

50
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S take up from the sound-waves of the air their
40
“with them as truly as the .diaphragm of a

peeuhar motion and vibrate in accordance

speakmg teléphone ‘does. ‘Ag it vibrates, each

“portion of it departs from its normal position
.aspart of a plaue surface, and-bends or tips
45’

more - or less in one” diréction or the other.
‘Coiisequently each ray 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 to 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 consequently.
inthe sound or other effects due to the changes
in, that .sensitive body. The ‘words spoken

‘against the transmitter are thereupon heard
I have ‘thus

to proceed from. the receiver,

Any such change

transmitted a.rtxculate spee(,h using as a re-
_ﬁector a disk of silvered glass thirty inches

obtained- clearer and better articulation by
using as reflector a disk of thin glass, such as
is  used for mounting objects for tlie micro-
scope, properly silvered,and about two inches
(m diameter.

. In the (lr‘t.wmgs the reflector 7 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 ifs normal positioun
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 fo that of a tele-
_scope of a surveyor’s transit accomplishes this,
and a similar graduated limb is often useful,

- The mouth-piece or sound-passage may be

readily used with the mu‘ror T in any desired
angular position.

I do not herein speclﬁcallv claim this par-
ticular form -of transmitter, as it is a joint in-
_vention of myself and my-assistant, Mr. Sam-
ner Tainter, and will form the S\lb_]E(‘h ot @
'joint. application. . *

4 small telescope .attached to the instru-
ment may be used as a finder.

The beam, after passing from the control-
hng or ttansmttmo- apparatus, is received, as
“in the other forms: described, upon a collect-
ing and condensmgmstrumeut (shown in this
‘instance as a parabolicmirror, s’,) by which the
Tays are concentrated ona selenmm cell, 8/, of
pecaliar construction, as will be hereinafter de-
seribed. - The said cell is placul at the focal
pomt of the said‘mirror &, and is adjasted in
position as shown.” Itis sapported at the end
~of the tube ¢, passing through a socket at the

'sition therein by a set-seréw;u. The elec-
trodes 11 12-pass out through the said tube,

 aud may be connected with a battery and tele.
phonic or electrical instruments, as before de-
scrlbed 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 wmirror; or
this may be done by sxghtmg through the
tube .

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 18 kno“ i as
“ Siemens spiral.”

Two ribbons, a* 17, of suitable conductmg
material, preferably. brass, form the terminals
of the poles of the battery B, the said ribbons

insnlating materi‘au which is slightly narrower
than the metal strlp, 80 as to leave a sllghb

in diameter, of tolerable tlucknesa, and have

made as a flexible tube, to enable it to be

. A simple form of selemum cell S-is shown ‘

‘being separated by thin strips ¢ of suitable/

70
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vertex of the 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 ior
exposure to the action of the rays, a second
strip, 4%, of insulating material being inter-

"posed to prevent conductive contact betiveen

I0

13

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

‘between them, as shown at €.

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

-metal may be electro-deposited on the edges

20

25

30

of the strips to give them the proper salience,
or to form -snitable ehannels for the receptlon
of the selehium.

Another form of selemum cell that I hm e

‘used is illustrated in plan and section in Figs.

14, 15. In this case the conducting and insu-
latmd mnaterials are arranged in.alternate par-
allel strxps a® b @, and only the alternate
strips ¢ of 1nsulatmg 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 ig, will
connectonly alternate pairs of the said strips—

~ that is, connect-each strip »®* with the strip a*

" on its other side.

'35

.40

45

fitted in and insulated from 1t

on one side thereof, but not with the strip «*
The strips a® all project on
one side and are electrically counected to-.
gether by the rod f3, and the strips §° are con-

‘nected on the other side by the rod ¢° and

cach conhected set of strips with one pole of
the battery, or, in other words, placedin a cn‘-
cuit which is cowpleted by the selenium ¢

. Another form of cell used by me, and shown
in plan and section in Figs. 16, 17, consists, es-
sentially, of a metal box, a* and a disk, b,

The said disk
is provided with a series of tapermg holes, 20,

and the bottom of the box with a series of pins,

21, of slightly smaller diameter than. the holes,

50

6o
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65

- 80 "that when in place the said pins pass into
. the said holes, leaving.a narrow annalarspace

around each pin. . These annular spaces. are
filled with melted selenmm ¢, which thuscloses
the circuit- between the box and disk. 1do
not - specifically claiin this particular form of
cell, as it was invented bs my assistant, Mr.
Sumner Tainter, by whom an apphcatlou 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 scdle, in
Figs. 18 and 19, and in ’detail in Flgs 20, 21,
22,23,24. Itis not herein spemﬁcally ehnned
as it will form the subject of a joint appllca-
tion by mysélf and Mr. Sumner Taiuter betore
mentioned.
similar to that of the cell deseribed in con-

'The principle of construction is.

7

nection with Flg. 14; but the surfaca tobeex- .

posedis ovhndncalmstea.d of plane, such form
being preferable when nsed i connection with
a parabolic mirror as the instrument for con-
densing the rays, as shown in Fig. 10, :
Instead of rectangular strips of conducting
and insulating material, circalar disks a* b* b
areused. "Those ma.rked &, of insulating mate-
rial, are slightly smallerin dnmeter than those
a® b5, of conducting material, so that annalar

channels are left between the edges of the con--

ducting-disks a° 8%, around the periphery of the

70

75

insulating - disks ¢, and in tlns instance snch

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

"so that each disk a® will be connected by the ad-

Jjacent annular rings €% of selenium, with both
the disks 6° on either sule

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, h° %, the disks of metal 4nd
insulating material bemg alternated on the
said mandrel.
trically connected together in two sets of al-
ternate plates, a® &%, between which the circait

85

The conducting-disks are elee--
90

is completed by the anuular rings of seleninm -

€%, following the channels around the disks of

nnulannﬂ' material ¢*. Thisconnection is ac-
comphshed as follows: The disks are provided
with holes, shown as four iu number. In the

95

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

of larger diameter than the other two,’ 3.3 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

100

-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 dlifferent diameter from those of the plates b°.
A cylinder of conducting material of a diam-

eter equal to that of the small holes driven -

through a line of holes will touch and electri-
¢ally connect the alternate conducting-plates
‘having theirsmall holesin thatline, and willnot
touch the other plates. Two of the cylinders,
S? willconnect together ‘all the disksof one set,
as a® which will form one terminal of the cir-
coit, and the other two cylinders, ¢°, will con-
ne(,l: the disks of the other set, 3%, which will

110

115

form theother terminal; but the two sets a5 [/

will be connected by the selenium €.

In order to insare a more perfect connection
between the plates a® and cylinders 17, and the
plates ® and cylinders g% the said cylinders
are wmade tabuolar and one or more slots, 40,
cut lobgitadinally 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 insnlate

_and separate that portion of the sald disks

from the cylinders.
Melted conducting maten'\l—as, for exam-

120

125

xgo'

ple, type-metal—is poured into thetobes f3 g3,

and, passing throngh the longltudmal slots,
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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 f7, but is prevented by

o

15

20

25

-the washers ¢® from making a contaet with

the plates having the large holes adjacent to
it, as shown in Fig. 22,

P

Instead-of the washers ¢5, of insulating ma-

terial, smaller washers or rings of any mate-
rial—as, for instance, metal—may be used to
confine the moltern metal and prevent its con-
tact with the plates at the large holes, the said
rings themselves being too small in diameter
to touch the said disks. R
Iustead of using molten metal in the tube
to form the connection, pulverized conducting
material may be used—as, for example, metal
filings, spelter forming au excellent’ connect-
or—and in sach case the cell is much more
readily taken apart. Nuts A on the énds of
the tubes f° ¢° serve to hold the twhole to-
gether.” ' - o
The cell is heated and the selenium melted
thereon, and in all cases I have obtained beg-
ter results by filing off the seleninm which
covered the edges of the condncting disks or
strips, and leaving only the seleéninm between

. the said conducting strips or disks.

30
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- After the surface is finished the mandrel, if'
of conducting material, should be removed,

and a -handle or tube, ¢, may be screwed into

one of the end plates, 2% as a means for hold-
ing the cell in position. -
I have shown an alam 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
alum cell and substituted a thin sheet of hard
rabber—say one-eighth of an inch thick, and
therefore sendibly opaque to- light—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”

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

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

. sulphide of carbon, stops.the operation of the,

55

'apparatus. - . -

I have also émployed with the selenivm cell

-the rays of gas, of a petrolenm-lamp, and of &’

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

. poses_an artificial source of light the posi:

tion of which can be adjusted at pleasare, and-

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

I hage employed prepared selenium as a
type of one class of ssensitive bodies whose
changed coudition i manifested by the vari-
ation in the resistance they afford{o a constant’
current, and a disk of 1

233,199

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 whigh it forms part,.others to vary the -

electro-motive force of currentin the circuit.

The strength of the electric current in the
receiving-cirenit may also be varied by vary-
ing the electro-motive force developed in that
circuit. Thus, for instance, a thermopile; when
used as the sensitive partof thereceiver, wounld
alsobedirectly affected by heat-rays,and would
give rise to varying eurrents -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
falling upon the junction of two different
metals when reduced to the form of thin films.
Light.falling o gensitive seleninm will also
develop a current capable of giving electric
signals. In both these contrivances, how-
ever, special rapidity of action as well as great
sensitiveness is required. ‘

A beam of heat-rays, by talling 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 be modified 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
given, as is well known, by the voice.

""The supply of gas for-a burner may be al-
lowed to pass through agrating'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 suitable
reflectors or other directing-instrument 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 plaeed near to-
gether or be separated by any distance over
which the rays can pass effectively. ‘

If the transmitter be operated by an elec-
tric current, the circenit which carries that car-
‘rent may be of any desired-length and ar-
ranged in aby appropriate way known to elec-

Jtricians. B R : :

-If an electrically-sepsitive receiver be used—
as, for example, a seleninm cell—the circuit
which contains itmay be extended to any suit-
able distance, or may be connected with an:
other circuit by indaction-coils’ in a mafner

hard rabber as a.type I and for purposes welt known 1o electriclaus,
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and to those who are familiar with variable:
resistance electric speaking-telephones,
Ingsmuch as the rays have no inertia and
are inflexible, a slight motion of a reflector—
such, for example, as it will receive,if attached

to.the diapbragm of a receiving-telephone— |

can notonly be made to manifest itself aslight,
{as in a reflecting-galvanometer,) but also as
sound, or as & variation of an electric current
in a.secondaryor local circnit. supplied with
its own battery. ST

The sound produced in the receiving-tele-
phone is a function. which is affected by-:at
least three variables—namely, the character
of the disturbing rays or of -their soarce, 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 mounted 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 is in
the source itself, the path of tlie raysremaju-
ing unchanged; but it is obvious that when

.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

.30
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energy by another, one partially-intercepting

bedy by another, the other elements remain-

ing the same—this change will prodiice a cor-
responding change in the andible results and
can be detected by the sense of hearing.
. Telaim— . - ’ _ : '
1. The herein-described method of signaling
or communicating, which consists in eontrol-
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 amount.-or strength of the

beam received upon it, whereby electrie appa-
-ratus in the said circuit maiy be controlled to
give signals corresponding to the controlling’
_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 undalat-
ing or interinittent chardcter in aceordance

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

and providing a receiving apparatus adapted,

- when acted upon by the said rays, to produce

air-vibrations or sound-waves corresponding

to the undualations . or variations in the said _ )
‘1 of a photophonic transmitter, of mechanism

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

mitting ‘articulate and other sound by caus-
ing,in therays proceeding from a photophonic”

transmitting-instrument to a photophonic re-
ceiver,undulatory variations in radiant'energy

similar in form to the sound-waves accompa--

nying said articulate and other sounds. - -

4. The herein-described method of produc-
ing sounds of any desired pikch, amplitade,
and aualitv bv éxnosine a bodv sensitive to

radiant energy to rays whose effective energy,
exercised upon said sensitive body, is cansed
to vary in accordance with the vibratiopal
form of the sound-waves appropriate to tbe
sound to be produced. i g

5. Thé herein-described method of trans-
mitting articulate and other sounds by caus-
ing the sound-waves which constitute said
sounds t0 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 (from a

radiant body) and a receiving apparatus sen-

sitive to the said beam and operated thereby,
to give signals corresponding to the -varia.
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tions in the said beam.imparted by the. con- -

trolling apparatus. . ‘

. 7. The herein-described apparatus for trans-
mittipg articulate and other sounds by caus-
ing,ih rays proceeding from a photophénic
transmitter to a photophonic receiver, undu-
latory variations in radiant énergy 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 apparatus for produncing or repro-
ducing sonnd at a distant station by means of
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 photophonic 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. Inan apparatus for sound-transmission,
a device for controliing the beam during its
passage from its source, in contradistinction
to controlling the source itself, said device
being actuated by the waves which constitute

-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 photophonie transmitter, the com-
binatiou of a movable and an immovable por-
tiqu to control the amount of radiant energy
passing from it, substantially as deseribed.
.13. The combination, with the movable part

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

14. The method of prodncing a beam of va-
rying character for photoph)nic transmission

- by controlling the amount of radiaut energy

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

- 15. A beam-controlling ‘device comprising
a vibratory medium and means, as indicated,
for varving the amount of radiant energy
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whlch is allowed to proceed from a constant
soyrcee in a given direction in accordance with
the vibrations of said medium, substantially

as described.
16. The combination, with a tmnsmlttmg
. 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 sald beam® and baving the prop-
1o erty of emitting sound under the influence and

corresponding to the character of the said

beam, substantially as described.’

17. Inan apparatus for spund-transmlssxon,»
a transmitting apparatus to- control a beam

rg from a radiant body, and a receiving appa-
ratus containing, as a portion of an eleetrlc
circuit, 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 instiuament containing selenium -
as a portion of an electri¢-circuit, two or more
ﬁtnp@ 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

- unoccupiet space. to complete an -electric cir-

cuit betweéen-the said conducting-strips, sub-
stantially as'and for the purpose described. - 30

- In testimony ‘whereof ‘I have signed my
name to this- -specification in the presence of
two subscrlbmg witnesses.

ALEXANDER GRAHAM BELL.

Wltnesses
. Jos. P. LIVEBMORE,
ARTHUR REYNOLDS."



