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UNITED, STATES PATENT OFFICE. 
ALEXANDER G. BELL, OF WASHINGTON, DISTRICTOFCOLUMBIA, AssIGNOR 

To AMERICAN BELL TELEPHONECOMPANY, oF Boston, MAss. 

APPARATUS FOR SIGNALING AND COMMUNICATING, CALLED. "PHOTOPHONE” 
V 

SPECIFICATION forming part of Letters Patent No. 235,1?9, dated December 7, 1880. 
Application filed August 28, 1880. (Nomodel) - - 

To all whom it may concern: 
Beit known that I, ALEXANDER, GRAHAM 

BELL, of Washington, District of Columbia, 
i have inwented a Improved Apparatus for 
5 Signaling and Communicating, called * Photo 
phone.” of whichthe following description, in 
connection with the accompanying drawings, 
isa specification. 
My invention consists in a methodofutiliz to ingradiantenergy and of applying itby suit 

able apparatus to produce audiblesignals and 
to produce electric siguals. - 
The rays. which proceed from the sun and 

i other similar sources, falling upon warious. 
15 bodies, produce efects generally perceived by 

the senses, as heator as color. Besides this, and notablywhentheyfallupon the substances 
hereinaftermentioned, the energy, whichthey areto convey producesinthose bodiesachange: 

20 which the sense pf touch or the senseofsight 
has not been ablo to take notice of This 

while passing from a maximum to aminimum 
and back agaim; or, inother words, the curve 
which graphically represents the changesthus 
caused in the sensitive body will correspond 55 
to the curve which represents the wariations 
in the disturbingrays dueto natural causes, or 
which may be impressed upon them by arti 
ficial means. | " 
I have discovered. and inwented a method. 6o 

and apparatus for impressing any desired 
wariation upón the rays orradiantenergyfall 
ing upom the sensitive body. I havealso dis 
covered and inwenteda method and anappa 
ratus by which the changes in the sensitive 65 
body from a less to agreater state of strain, 

| and wice versa, can impart à corresponding 
motion to the air. If thechanges succeedeach 
other with suficientrapidity and possess suf 
ficient amplitude, the wibrational m9vements 7o 
thereby imparted to the air become sensible 
as sound-waves, and a. sound will be heard - | changediconditionmaybefitycalleda°stateof which will correspond in pitch to the rapidity". 

strain,”and I have beenabletomakeitmani festin warious ways in diferent substances. with whichthese changes. succeed each other, 
in loudnesstotheir extent, andinguality” to 75 | 2 5 My discovery and inwention relateto this class the charactérorvibrationalformofthechanges. 

of changes. * – . - 

- Thechangesin thesensitive bodiesemployed The radiant energy which afects the sensi 
tive hody'maybe waried in seweralways. Its. 

in the apparatus I shall describe follow the - source may be control?d when, as in the case 
30 falling upon-them with such extremerapidity 

that the two are substantially coincident in 
changes in the energy of the disturbing rays | of a lamp,itis in ourrèach Therays which 80 

convey the enérgy may be controlled in their 
passagefrom thesource to the sensitive body 

time as compared with the time occupied by? for instance, a partor the whole maybé inter 
any wibrational movement which can bede 
tected by the ear. The extent of the change 
at each instant depends upon wariation in the 
amount of radiantenergy expended upon the 
sensitive body at that instant, and is approxi mately directly proportional thereto... The 
change to agreateror less state of strain thus 
produced in the sensitive body will therefore 

35 

40 
correspond with the wariationsin the distuib 
ing cause both inextentandinrapidity of suc 
cessivns. If therefore, the energyoftherays m 
acting on the sensitive body passes alternately 
from a maximum to a minimum-thatis, ex 
hibits awariation of a wibrational character 
the changesin the sensitive body will bethere 

45 

by corresponding?y 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 changeswich take place 

cepted by screens opaquetothemorthe whole mayhawetheirenergydiminished moreorless 85. 
by the interposition of substances which ofer 
resistance to the passagewithout whollyinter 
rupting it, or they may be more or less con 
centrated upon ordiverted from the sensitiye i 
body bylenses, reflectors, orother appropriate 90 
means. The sensitive body haybe normally 
(BX to the fullforce of the rays, and then; partially or: wholly protected from them. It 
ay.benorhally wholly protected from then, 

audithem partially or:whollyexposed to then, 95 or it maybe normally partially. exposed to 
theirinfluence, and this exposurenaythen be 
alternately increased ordecreased. In the forms of aparatus which I havede 
|vised the desired yariations in th? sysem- 1oc ployed to afect the sensitiye body arepr 
duced in these various ways by means of m 
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tion imparted to the appropriaté part of the 
transmitter. The extent and character of the 
changes thereby caused in the sensitive body 
depend upom the extent and character of that 

5 notion and consequentlythe sounds to which 
those changesgiveris? depend for theirpitch 

i upon the frequency of that motion, for their 
loudiness upon its amplitude, and for their | 
quality upon the character thereof When, 

to therefore, as in certain forms of apparatus 
which. I have devised, a suficient motion of theappropriatepartofthetransmitteriscaused 
by the sound-waves which constitute vocalor 
other soundsacting upom a disk capable of vi 

5 motion thus taken upfrom the airatthetrans 
mitting-station causes vibrationalchanges ofa 
correspondingcharacterin the sensitive body, 

* and thereby wibrational movements of a corre 
2o sponding character.in the airat the receiving 

station. Thus a similar sound to that made 
oruttered atthetransmitting-station is heard 
at the receiving-station. 
Thereceiving-instrument consists of device 

25 to receive the beam from the transmitter and i directitupon the sensitive body, together with 
i the sensitive body itself, and, when needed, 
apparatus connected therewith to produce air. 
wibratio?sor sound-waves. 

3o Anessential partof the receiveris the body 
sensitive to the rays which fall"upom it, and. 
tle contrivances by which the disturbance 
therein produced by tleraysis made sensible. 

| There are several bodies whose electric con 
35 ductivity is varied by the rays which fallupon 

them from the sun orothersources. Anywa 
- riation in the amount orin the intensity of the 
radiant energy so falling upom them changes 

| that conductivity orresistance. My apparatus 
40. |- 

currentin a. circuit, which includes-the sensi 
tive body, and also includes a telephonic re 
ceiver, which will thereupoligive forth a 
sound:whose, character or quality will corre 
spond to the character of the said variations. 45 - . 

- Selenium,when in the proper-state, isthe body 
which I have found mosteffectiveforthispur. 

fhave alsofound thatofvarious substances, 
5o hard rubber especially, in thin sheets-say 
| from the thickness of an ordinary hand-tele 

phone diaphragm up to three milimeters-is 
so sensitive that when the sun-rays, concen 
trated by lenses or reflectors, are allowed, to 

55 fall uponit, and these-rays arerapid?y inter 
i rupted, the ear, placed in contactwith or in 

close proximity to the hard rubber, willi h?ar 
proceeding from ita sound:whosepitch waries 
with thefrequencyoftheinterruptionsandcop 

| 6o responds to that frequency. . " . 
i I have obtained audible results by using as 

a receiver;adiskofhard rubber, as described, and platespfgold, silver, platinum, aluminum, 
: iron, ste Intimony, lead, Babbitt's metal, 

-65 Jenks”. 
| : brass.c Germansilver;andordiharytele: 

brating, or its equivalent, the character of 

uses this kind of sensitivenéss to wary tle 

m-packing. tinned iron, tinfoil, 

285199 
phone-diaphragms. These were formed into 
plates about the size and thickness of the or 
dinary hand-telephone diaphragms. Similar 
resultshave been obtained with plates ofmica, 
paper, different kinds of wood, patent-leather, 
ulcanized fiber, celuloid, iwory, silveredglass, 

and other substances. 
The receiver may be nade in the form of a 

tube. In this case the light, in the form of a 
converging pencil, is thrown in at one endi, so 
as to reach a focus neartle entering end, and 
thence (liverging so asto strike thé inside of 
tle tube. The operator listeus at the other 
end. Tle tube serves as a resonator, and 
greatly amplifies the efect of interruptions 
whose frequency corresponds with the normal 
pitch of the tube. I have obtained audible 
results with tubes of soft wulcanized rubber, 
of brass, and of soft wood, aboutone-halfinch 
in diaméter or less. 
Inow proceed to describe certain forms of 

apparatus in which I have émbodied my in 
| vention. : 

The apparatus employed consists, essential 
ly, of an instrument which waries the amount 
of radiant energyfalling upon the sensitive 
body, (this part of the apparatus I will call 
the *photophonic transmitter;” of an instru 
ment by which the wariatibns produced in 
the sensitive body are directly or indirectly 
made sensible as sound without the interwen 
„tion of electricity, or as electrical wariations 

| whichare capable of producing sounds or sig 
nals by means of an electric speaking tele 
phonic receiver orothersuitable electric sig 
naling-instrument, (this part of the apparatus 
II will call a *photophonic receiver”) and of 

i warious devices forgiving the properdirection. 
brdiffusion to the rays employed. Thesein 
struments must be suitably arranged and 
placed with reference to each other. 

I have spoken of the beam-controlling ap 
paratus asthe*photophonic transmitter,”and 

if we consider chiefy the action of the beam 
itself; but, considering thatform of apparatus 
shown which employs electricity asa modi 
erly call the beam-controller, the * beam,”and the electrically-sensitive body, a * variable-re 
sistance electrie speaking-telephone'transmit 

fied electric speaking-telephone, we may prop 

75 

80 

85 

95 

I00 

the sensitive body and parts connected with 
|-itasthe*photophonicreceiver”and thisistrue 

ter”operating to create electrical undulations 
by means of sound-waves, and the receiving 
telephone as the *receiver.” 

i If the rays are to pass overany considera 
i ble distance, they should, to obtain the best 
result, beformed into aparallel pencil in or 
der to prewent dispersion and loss of effect. 
Atthe point where they are to be controlled 
by the transmittértheyare preferably concen 
trated in order that a large'amount ofenergy 
naybe readilycontrolled thère, and thiscon 
centration may be whollyor partially contin 

I 20 

I25 

ued till they reach the sensitive body, or they 
i may be thère again concentrated, soasto ex. 

  



ereisetheirflieffectona small surface,which i neras to produce sound-waves, the rapidity 
is importantin most forms of apparatus. 
This management of the rays may beefect 

ed by well-known refracting and reflectingde 
wices, the'arrangement of which will be suf 
ficientlyapparentfrom the descriptions of ap 
paratus hereinaftergiven. | - 

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

| the mosteficientforimsoftransmitterby avail 
ing myselfofthe powerofa reflector to change 
the direction of the rays by changing thein 

| climation of the whole orofany partofits sur 
face. * 

| Figure 1 is ageneral diagraphie view ofa 
transmitting and receiving photophonicappa 
ratus embodying my inwention in what I have 
found to bea simpleandefectivearrangement 

| for the production ofa musical sound or note, 
and Fig. 2 adetailthereof ilustrating thein 
terrupter employed in this instance. 
Aray from thesunis caused totakeaproper 

direction in any suitablemanner-in this case 
i by reflecting it, from a plane mirror or helio 
i stat, a, into a condensingapparatus, (showa 
as a leps, b) which shouldbeaplamatic and 
achromatic to prewent dispersion, and which 
brings the beam to afocus, as at 2. X w. 
Asuitable screen-asasolution of alumin 

a glass cell, af, for example-to obstruct the 
i passage ofobscure heat-rays withoutobstruct 
ing the passage of light, may be used to pro 
tecttheapparatus from the efectof heatwhen 
the sunlight is used. I have found with cer 
tain forms ofreceiving-instrumentsemploying 
selenium sucha heat-screen does not to any 
greatextent diminish the efect produced. 
* The passage of the rays at the point 2 may 
be interrupted or controlled ihany suitable 

i manier-as, for instance, by an interrupting 
wheel ordisk, c, piwoted on anaxle, d, sothat 
the periphery of the said disklies in the path 
of the rays; and at ornear the focus 2 this 
dlisk is provided with a serie? of openings or: 

i holes, 3, (see Fig.2) lying in the range of the 
pencil of rays atornear the focal poiut2 
As the wheel cis rotated the rays. willin 

termitting?y pass throughthe holes:3, and then. 
i becut of by the blank spaces between the 

i said, holes, which blanks shouldbeat leastas | 
* largeas the sectional area of the beam atthe 
point 2 to insureitscompleteinterception. A. 

| series ofalternate impulses and interruptions 
will thus be produced, constituting. what may 
betermedan *intermittent beam.” This beam 
passes on from the focal point 2, and may be 
directed toany desiredpoint. Therays which 
diwergefrom the focalpoint2areagainbrought 

i to the condition ofa parallelpencilibythelens 
d", and thience pass to the receiving-instru 
mente-shown in this instance asa thin disk 
ordiapliragm, f of hard rubber, Flacedina 
suitable frame or inclosing-case, garii which, 

i as hereinbefore stated, Will be afected by the 
intermittent beamfalling on it in suchman 

orpitch of which corresponds to the rapidity 
ofinterruption of the said beam caused by the 
disk g. The diaphragmfmay be placed in a 7o 
suitablesound-chamberfurnished witha sound 
passage or ear-piece, (shown asaflexible tube, 
h) by which the sound may be conducted to: 
the ear ofa listener. | 
A condensing-instrument (shown as alens, 75 

i) is preferably used to concentrate the rays 
and increase their efect in the diaphragmf: 
The said condensershould beaslargeas possi 
ble, as the beam of lightissomewhatdispersed 
in traversing any considerable distance. 8o 

It is obwious that otherforms of receiving 
instruments may be used in connection with 
the above-described transmitter, or that this 
receiving-instrument may be used with other 
forms of transmitting-instrument. Various 85 
modifications of both; of these will be herein 
afterdescribed. . - 

i By warying the velocity of rotation of the 
disk etherapidity ofinterruption of the beam 
will be correspondingly, varied, and conse- 9o 
quentlythe pitch of the sound produced at 
the receiving-station. In this form of trans-. 
mitter the motion which causes the interrup. 
tions is continuously in the same direction. 
I bave devised otherformsto be used instead 95 
ofit, and in which the screens employed op 
erate by?a to-and-fro orwibratorymotiongiven 
to the moving partthereof. Bymeansofthese. 
| am enabled to give a new power and cä- 1. 
pacity totheapparatus. Figs.4, 5, 6,7 aresach roo 
forms of apparatus. . . . | . 

Fig. 4 representstwo gratings, kl, of which . 
one, k, is fixed, while the other, l, is movable, 
and adapted to slide to and fro, upon the fixed 
grating. In the condition shown in thedraw- Ic5 
ings the opaque portion of one half overlaps i 
and partially covers the open slitin the other, 
and a passage equal to about half the slit is 
afforded for the passage of the rays. 
i If the movable gratingismovedslightly up- C) 
ward, the space allowed for the raysis dimin 
islied oreítirely cut of If it be moved 

| slightlydownward, the spaceisiucreased, and 
if that motion extends through a distance 
equalonly to halfthewidthofthe narrow slit II5 
the space allowed for the raysis doubled, and 
the increase ordiminutionwill be direct?y pro- i 
portional to the amplitudeof the motion. 
i Such gratings maybe constructed withact 
ualopen slits, asshown in Fig-4, or theymay Izo 
be made of glass cover?d with an opaquecoat 
ing, (silver, forexamplé,) whichmay bescraped 
ofii strips to form the slits. I have found 
this kind the most convenient. , m 

If desired, the opaque portions may be pol-125 
ished, and the rays reflected.therefrom em 
ployedto afect the receiving-instrument, the 
maximum amount being reflected when the 
polished portion of one grating is opposite 
the slitsor, umpolished portion of the other, 30 • 
sothat thrays are reflected from the whole , 
surface of both, and the minimum efect is ', 



4 . s85199 
| when the polished portion of one is behind 
that of the other, and thus renderedinopera 
tive for reflecting. In some instances both 
*gratings may be made movable, inwhich case 

5 they should be so arranged thatany actuating 
impulse would nowe them in opposite direcy 
tions. | - . . . 

In the form ofintercepter or beam-con 
troller illustrated in Figs. 5, 6, 7, a series of 
slats, m, ofopaque material, are piwoted, as at 
5, ina frame-wprkin the path of the rays, the 
said slats being alloscillated simultaneously, 
like the slats of a window-blind, by a rod, n; connected with the actuatingwibrator j.as, 
shown in Fig 6. Therodnis connected with 
all the slats on the sameside of their piwoted. 
points, softhat they are all moved ; 

IO 

i butin Fig. 7thealternate slatsare connected. 
with the rod n on oppositesides of their piw 
ots, so that theyinclinein opposite directions 
as they are closed. These slats, in their nor 
mal position, close about one-half-the space, 
as shown in the main, Figs. 6 and 7, (the rays. 
passing in the direction of théarrow) and by their movementin one direction theyincrease 25 w " " " ". 8 * 1 = the open space fortheraysto pass antil they. 
arrive at the position shown at 6,where the 
maximum amount is allowed torpass, wlilea 
movementin the otheridirection decreases the. 

3o amount until, in the position shown at 7, the 
- rays are wholly intercepted. . | . . 

i Itwill be seen that when the slats are open, 
as shown at: 6, they, only presentitheir edges 
as obstruction to the rays, and theirthickness 
maybe muchlessthan the open space between 
them, sothata greateramount ofrays may be 
allowed, to pass than when thegratings?hown 
in Figs. 3 and 4?re used, as they never allow 

35 

morethan half the beam to pass. Byconnect 
ing the rods n nearer the piwots 5the same 
extent of movement in their rods will give a 
greaterangular movement to the slats. , 

It will be ?een that none of these forms of i screensorinterrüptionswill giyean intermit. 
45 tent beam, as herein described, umless they 

40 

there beany wibration at all, the strength, and | consequentlythe efect, of the 
| which pass beyond the instru?ent, though 

5o never wholly interrupted, willwary im accord 
i 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. 
upom 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. , When 
these changes are miade sensible as:sound the pitch ofthat sound and the Hondnessio? 

SS 

that Sound will be controlled by the period | 
and the amplitude of the motiongiven to the 
wibrational part of the transmitter. :: - , 

65 : There aremanyways inwhich vibratory mo. 
tien canbe.communicated to these orother 

note, and the 

proper: 
chang 

are wholly- closed at each wibration; butif. 
ncil of rays. 

heard to proceed from the receiver. 
* Iltis obwious that the diaphragm, instead of 

forms of screen. For example, the moving 
i portion, being made as light as possible, can 
be attached, as shown in Fig. 3, to a tuned . 
reed, j, whichmaybe moved by an electro- 7o 
magnet, either directlyasan automaticcircuit 
breaker, or by antelectric current controlled 

| by any of the well-known devices for inter 
rupting orwaryinga current, oran organ-reed 
may be employed. In ewery such case the 75 
sound, produced at the receiving-station will 
correspond impitch andin loudness to the pe 
riod of vibration, and to the amplitude of vi 
bration of this transmitting-reed. , 

Fig. 8 shows photophonic apparatus by 8c 
whièh articulate speech may be transmitted. 
I have already stated that the sound at the 
receiving-station due to the efect produced 
by the rays which reach the sensitive body 
there placed corresponds to the character of 85 
thechanges in the energy of the pencil ofrays 

- which reachit. 
"Feierefibefore - described transmitters have been intended to control merely the 
piteh and the londness of a simple musical 95 

vices in them havetherefore been adapted to merely control the period: 
during. which the energy of the beam passes 
from its maximum to its minimum, and the range'ofitschange or the diference ofenergy, 

: " 2 A –: - . " - . * 1 8 95 between its maximum and minimum. | In orderto transmitarticulatespeech,orany 
sound having a complex character or qual 
ity, it is furthernecessary, first, that the 

per;haracter shall be impressed tupon the roo 
in the receiver, upon the wariations in the"ráys, and upon the motion which pro 

ducesthem while passing from one extreme . 
to theother; aud, second, that the voice of the speakerorthesoündstobetransmitteishall of 105 
themselyes operate the photophonic transmit. 
terand impresstheirown character orformof 

* - -- * - - " ". - " the beam. ; . i In the apparatus, Fig.8, the movable partl 
ofascreen-grating, k l, like that showu in Fig. 
4, is attached to the center of a diaphragm, o, 

| wibration upom the movable part of the appa-, 
ratu? which controls the - 

IIo 

constructed, mounted, andarrangedina sound 
chamber, as is usual in electric speaking-tele 
phone transmitters. When spoken to, this dia 
phragm and the movable part of the screen 
attached ther?totakeup from the sound-waves 
the peculiarcharacter of vibration due to the 
quality of the sound uttered. The same char acterof wibrationalchangeistherebyimparted izo 
to the peneilófrays which passes through the 
instrument, and bythem to the sensitive body 

II5 

in the receiving-instrument, where it is made sensibleby a sound of correspondingquality, 
and thewords utteredinto the transmitteraré 125 
being operated directly by thesonhd-waves, 

| couldbemade to wibrate by electrical means, 
suchas used for imparting wibration to the 130 diaphragn of a receiving:telephone. 
.. Ktiswell known that the extent of motion 
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| which can bè given by the woice to a dia 
phragm and the parts directly connected with 
itisquitesmall. By making the slitsoropen 
ings in the screen small, a slightextent of mo 

5 tion will cause agreat percentage of change 
i i. e., from an almost tota? interruption to the 
passage of one-half the rays-and by suitable 
means the rays can be so concentratedthat 
this range of tariation will produce'a great 
absolute change in the radiantenergyfalling 
on the sensitive body. Impassing the rays 

- through fine, slits, howewer, some dificulties 
i arise in the nature of interference. I have 
obwiated these by anotherform of articulate 

I5 speech transmitter, which I will presently de 
scribe. - 
- In Fig. 8 the radiant body is-showi as the 

IO 

flame of a candle, p, and the lens brings the 
divergent-rays thereof to the condition of a 

2o parallel beam, whichiscontrolled by the grat 
ings kl. |- | – 
i Another method is to bring the rays to a 
focus, 2, Fig.9, andinstead of the 

25 connected to the wibrator ordiaphragmo, the 
said plates havinga hole, 8, of the size and 
form of the image at the focalpoint, and the 
hole of the fixed grating coinciding with said: 
imagein position to allow altheraysto pass. 

3o through it. The novable plate, in passingto 
and from aposition with its hole coinciding 
with that of the fixed plate, allows orobstructs 
the passage ofa greater or lessportion of the 
pencil ofrays, which are then directed to and 

35 act upom the receiving-instrument, as in the 
i other cases described. | . 

Asingle plate constructed in this manner, 
when proper?y guided, willoperatein the same 

| way, and by giving sucha p?ate a movement 
4o parallel to the axis of the pencil ofraysit will. 

intercept an increasing portion th?reofas it 
moves from the 
the beam. 

focal point, and thus control 
i The receiver, whichis shown in Fig-8, de 

45 pends upon the próperty hereinbefore referred 
- to as belongingto certai? substances, notably 

i properly-prepared selenium, ofundergoinga. 
great, instantaneous, and substantial?y pro 

i portional increase of conductivity when acted 
| 5o upon by the rays proceedingfrom the sun and 

i othersimilarsources. , . - 
- A piece of selenium, S, brought into a suit 

| able condition and suitablymounted, forms 
part of an electric circuit, supplied witha cur 
rent by a constant electro-motive, force, as by 
the battery B. This seleniumis exposed to 
the rays-which proceed from the transmitter, 
and ewery wariation caused in its conductiv 

i ity produces a corresponding wariation in the | 
6o strengthofthecurrent. These wariationswill, 

i in the mannernow'well known to electricians, operateanelectricspeaking-telephone r?ceiver, 
T (orothersensitive electrical instrument) 
placed in the circuit orconnected withit, and 

65 this telephonic receiver wilgive forth the ar 
V 

|very easy to worktheseleniumintothis shape. 

falls on the selenium. 

late words which hawe been uttered into: 
the photophonie transmitter. - . - 
* In anotherapplication I lhave described the 
manner of preparing and mounting the sele 
nium. . . | - -- * 

Inowremark,howewer, thatastheselenium, 
eyen when in its most faworable condition, is 
of high resistance, it is desirable to interpose 
it in the circuit in the form of a conductor of 
butslightlength and oflargearea, whichmay 75 
be done wery advantageously by some novel 

| forms of cells to be hereinafter described. 
Some of the best forms of apparatus for this 
purpose consist, geqerically, of two or more 
plates of good conducting metal, separated 8o. . 
by athin sheet of insulating material placed 
between each pairofplates. This insulating. 
sheethasa-slightlysmaller surface than the 
conducting-plates, and the space thus leftis 
filled up with selenium,whichthusserves as '85 

| a conductor between the two plates. , 
Itis obwious that this construction enables 

grating kl the selenium to be used in the shape of a con 
employtwo plates, k"P, one fixedland theother ductorofilarge area, nearlyall of whichis ex 

posed to the rays, and of an extremely short go 
length, equalto thethiekness of theinsulator, , 

| which may conveniently bea sheet of mica, 
while it uses wery little selenium, and it is 
by heating the metal cell and fusing the sele- 9 5 
nium into the cavity heft between the two 
plates when the insulatoris plac?d betwee? 
them. A. considerable number of these cells 

i may bebuiltupside by side and connected in. 
parallel branch circuits. Besides mica, the. 
paints which are employed in "painting on 
china may be used to separate the metal 
plates whenbaked. As the platesare heated 
the said paint becomes porcelain. Various 
forms of cell constructed onthis plan will be 
hereinafter described. Otherforms of cells 
are describedin. other applications filed by i 
pyself and other applications filed by myself 
änd Mr. Sumner Tainter jointly, and others 
filed by Mr. Sumner Tainter. , * IIo 
Theelectric circuit being under control of 

the ; resistance therein, and the seler 

Ios * 

nium Linder control of the pencil ofrays, and 
the rays under the control of the transmit 
ting-instruments,itis obwious thatany instru- tr 5 
ments whichi?anbe controlled by slightwari- , 
ations in an electric current-such as, for in- , 
stance, the u?ual telephonic instruments-if |- 
placed in theelectric circuit with the said 

i selenium, will be controlled by and will emit Izo 
sounds córresponding to theaction of the Said i 
transmitting?pparatus on the beam which , 

Fig. 10 ilustrates another apparatus for 
transmitting complex. sounds or?rticulate i 25 i speech. As, i? the form l?st described, the 
sound-waves due to the woice serwe to giwe to . . . 
the movable part of the transmittera wibra 
tional movement of corresponding character, . . 
and this movement, inturn, impresses avibra- 130 

* * 
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tional oralternate variation of corresponding 
character upom the amount of radiant energy 
falling upon the sensitive part of the receiver. 
The pencil of rays is passed. through a suit 

able conce?tratingapparatus, a, (shown here 
| apparatus, a", wbich prewents the heat-rays 

}t then falls upon a reflector, r. (shown as a 
O' 

from warping the reflector of the transmitter. 

plane reflector placed at such an angle as to 
directtheraystotlne receivere.) Afterleaving. 
this reflector the rays may be caused to pass 
through a lens, d', im ordertogiwethem the de 
*sired paralle?ism, if they do not already pos 

I5 W 
| condentrated on the reflector r than in their 

2O - 

* : mirrors". Tracing thepathofa singlerayfrom 

sess it. In the drawings they'areshown more 

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

the lensa, and cel a"; it will be seen that its 
i path from the reflector r. willdependupon the 

25. 
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direct upom the receiverrays which otherwise 
i might not have reachedit. 
will thereföre way the amount of radianten 

i ergy exerted upo? the receiver. - construct 
* this reflector rofsome material-such as glass, 
silvered, or thin polished metal-which will 
takeup from the sound-waves of the air their 
peculiar motion and vibrate in accordance with them as tru?y as the - diaphragm of a 

i portion ofit departs from its normal position 
aspart of a plane surface, and-bends ortips 
more or less in one direction or the other. Coisequently each ray reflected from it is | 
more or less diverted from its normal path, 
and thereby the total amount of radianten 
ergy exerted on the sensitive receiver by all 
the rays reflected from the transmitter varies 
'at each instant. 

stant, the direction of the wariation, theperiod 
wariation depend upon the vibrational move 

path from the, transmitter to the receiver. Arrived there theyare caused to fall upom the 

imentofthetransmitting-reflector:which causes 

angle at whichthat portiom of the reflector r. 
on which itfallsis presented to it. • - 

If the reflector be so placed normally tha 
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 
ticularray will, if im one direction, so alter the 
subsequent path of therayas to divertitfrom 
the receiver, or if in the other direction wili 

Any such change 

speaking-telephone does. As it wibrates, each 

asälens) and also-through a heat-absorbing 

i The extent of variation from instant to in 

ofeach wariation, and the character of each 

the changes, and therefore the same character 
of vibrational movement given to the trans 
mitter by the Voice reappears in the waria 
tions in the radiantenergy operative upom the 
sensitivepart of the receiver, and consequently. 
in the sound orothereffects due to the changes 
in that sensitive body. The words spoken 

| against the transmitter. are thereupom heard 
to proceed from the receiver. I have thus 

transmitted articulate speech, using as a re 
dector a disk of si?yered glass thirty inches 
in diameter, of tolerable thickness, and have, 
obtained clearer and better articulation by 
using as reflectora disk of thin. glass, such as 
is used for mounting objects for tle micro 
scope, properly silvered, andabouttwo inches 
i i diameter. • 

i In the drawings the reflector ris showmas 
mounted in a mouth-piece suchasis commonly 
used in telephones. It is essential that the 
mouth-piece should be so fixed and the re 
flector so held in it that its normal position 
should always be the same, im order that the 
rays may be directed to the receiver. 

It will sometimes be desirable to mount the 
transmitterso as to give it a uniwersal move 
ment. A mounting similar to thiat of a tele 
scope ofa surveyor's transitaecomplishes this, 
and a similar graduated limbis often useful. 
- The mouth-piece or sound-passage may be. 
made as a flexible tube, to enable it to be 
readily used with the 
angular position. -- 

i do not herein specifica?y claim this par 
ticular form of transmitter, as it is a jointin 
vention of myself and my assistant, Mr. Shin 
ner Tainter, and will form the subject of a 
joint. application. ' , 
Asmall telescope attached to the instru 

ment may be used as a finder. 
The beam, after passing from the control 

ling ortransmittingapparatus, is received, as 
in the other forms: described, upon i collect 
ing and condensinginstrument, (shown in this 

mirrorrin any desired 

instance asa parabolic mirror, s”) by whichthe 
rays are concentrated ona selenium cell, S”, of 
peculiarconstruction, as will be luereinafterde. 
scribed. The saidicellis placed at the focal 
point of the saidimirrors", and is adjusted in 
position as shown. Itis supported at the end 
of the tubet, pässing through a socket at the 
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vertex of the mirror, and he?d in adjusted po 
sition therein by a set-screw, w. The elec 
trodes 11 12 pass out through th? sail tube, 
and maybe connected with a battery and tele 
phonic orelectrica? instruments, as before (?c 
scribedinconnection 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 dome by sighting through the 
tube t. * . Asimpleform of selenium celsis shown 
in plan and section, Figs. 11 and? 12. and the 
different parts thereof in Fig. 13. This cell 
has an arrangement similar to, but i coll 
struction is different from, what is knowi as 
* Siemens spira?.” * , - . . 
Two ribbons, a* 0°, of suitable conducting 

material, preferably brass, form the terminals 
of the poles of the battery B, the said ribbons 
being separated by thin strips c* of suitable, 
insulating material,whichis slightly narrower 
than the metal strip, so as to leave a slight 

E I O 
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posed to prewent conductive contact between 

IO 

- I5 

i metalmay be electro-deposited on the edges 
20 

25 

30 

between them, as shown at e”. 

usedis illustrated in plan and section in Figs. 

225199 
opeh space between the-edges of Said strips. 

exposure to the action of the rays, a secon 
strip, d”, of insulating material being inter 

the consecutive coils of the ?piral. The said, 
coil is then heated to a temperature slightly 
higher than the melting-point of selenium and 
solid selenium rubbed ower its surface. The 
seleniummelts, filling the chaunels between 
the metallic ribbons and formingaconnection 

Ribbons of mica may be used as the insu 
lating material to separate the plates, or they 
may be coated with enamel pai?ts or Japan 
warnish, in. which case a further amount of 
of the strips togive them the propersalience, 
or to form suitable channels for the reception 
of the selenium. i • 
Another form of selenium cell that I have 

14, 15. In this case the conducting and insu 
lating materialsare arranged in alternate par 
allel strips a*b* c*d*, and only the alternate 
strips c* of instalating material have a smaller 
extent of surface thain the inclosing metal 
strips, so that the selenium e”, deposited, as be 
fore described, in the channels left for it, will 
connectonly alternatepairsofthe saidstrips 
that is, connecteach strip b* with the strip a* 

i on one side thereof, but not with the strip a* 
' on its other side. 

"35 

i 40 
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The strips a* all project on 
one side and are electrically connected to 
gether by the rod_f*, and the strips b*arecon 
nected on the other side by the rod g°, and 
?ach confhected set of strips with one pole of 
the battery, or, in otherwords, placedina cir 
cuit which is completed by the selenium e”. 
i Anotherform of cellused by me, and shown 
in plan and section in Figs. 16, 17, consists, es 
sentially, of a metal box, a”, and a disk, b*, 
fitted in and insulatedfrom it. The said disk 
is provided with a series of tapering holes, 20, 
and the bottomofthe box with a series ofpins, 
21, ofslightlysmallerdiametertham, the holes, 

| sothat when in place the said pins passinto 

* 44) 

- the said, holes, leavinga narrow annularspace 
around each pin. These annular spaces. are 
filled with melted seleniume”, whichthuscloses 
the circuit between the box and dlisk. 1 do 
not specifically clain this particular form of 
cell, as it was inwented by my assistant, Mr. 
Sumner Tainter, by whom an application for 

i Letters Patent on the said cel will be filed, in 
whichits construction will be fully described. 
Another cell which has been used with ex 

cellent results is shown at S' in Fig. 10, and 
im side and end views, on a larger scale, in 
Figs. 18 and 19, and in detail in Figs.20, 21; 
22,23, 24. Itisnotherein specifically clained, 
as it will form the subject of a joint applica 
tion by myself and Mr. Summer Tainter before 
1nerationed. The principle of construction is. 
„similar to that of the cell described in con 

7 

nection with Fig.14; but the surfacetobeex 
The wholeisthén coiled into a flat spiral, in || posedis cylindricali?stead of plane, suchform 
order to giwe it a more convenient form for | being preferablewhen used 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 

andinsu?ating material, circular disks d* b* * 
are used. Thosemarkedc”, ofinsulating mate 
rial, areslightlysmallerin diameterthanthose 
a° 0°, of conducting material, so that annular 
channelsare left betyveen the edges of the con 
ducting-disks a*b*, around theperiphery of the 

channelsare leftbetweemalltlesaiddisksa"b*, 
sothateach diska*will be connected bythead 
jacent annularringse”, ofselenium, with both 
the disks b°on eitherside. 

them to be leld in proper position on a man 
drel, wheretheyare clamped between two spit 
able end plates, h**, thè disks of metalánd 
insulating material being alternated on the 

trically connected togetherin twósets of al 
ternate plates, a*b*, between which the circuit 
is completed by the annularrings of selenium 
e”, following the channels around the disks of 
insulating material t". Thisconnection is ac 
complished asfollows: Thedisks areprowided 
with holes, shown as fourin number In the conducting-diskstwo of the holes, 3031, are 
of larger diameter than the other two,3233, 
which are of the same size as alfour of the 
holes in the insulating-disks. In placing the 
disks on the mandrel the holesare all placed 
with theirceuters in line, and the large holes 

75 

insulating-disks c*, and in this instance such | 
saidmandrel. The conducting-disks areelec- i 

go 

The disksare each 
rovided with a central hole, 25, to enable 

95 
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3031 ofeach conductingdisk arein line with i 
the small holes 32 33 of the conducting-disks i 
on each sideofit, or, in otherwords, imagiven IO5 
line of holes all those of the plates a* will be - 
of liferentdiameterfromthose ofthe plates b*. 

Acylinderof conductingmaterialofa dialn 
eter. 
through a line of holeswill touch and electri 
cally connect the alternateconducting-plates 
havingtheirsmall holesin thatline, andwilnot 
touch the other plates. Two of the cylinders, 
f°, wilconnecttogetherall thedisksofoneset, 
asa”, which willform one terminal of the cir 
cuit, and the other two cylinders, g”, will con 
nect the disks of the other set, l”, wbich will 
form the other terminal; but the two setsa" b* 
will be connected by the selenium e”. 

Im order to insure amore perfect connection 
between the platesa" andcylinders f°, and the 
plates b* and cylinders g*, the said cylinders 
are nade tubular and one or more slots, 40, 
cutlongitudinallythrough their sides. Wash 
ersef, ofinsulating material, are placed within 
the large holes 3031 in the conducting-disks, 
so that the said, washers Qompletely insulate 
and separate that portion of the said disks 
from the cylinders. Kw . . 
- Melted conducting material-as, for exam 
ple, type-metal-is poured into the tubes f*g”, 
and, passing through the longitudinal slots, 

equal to that of the small holes driven 
IIO 

I 15 
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makesa perfect connection with the plateshaw 
ing small holes 3233around the said tubes, as 
shown in Fig. 23, where the type-metal is in 

* dicated by the letter f”, but is prewented by 
- the washers c* from making a contact with 
the plateshaving the large holes adj?cent to 
it, as shown in Fig. 22. 
Insteadof the wasbers 

terial, smaller washers or rings of any mate 
rial-as, for instance, metal-may be used to 
confilne the Imolten metal and prewent its con 
tactwith the plates at the large holes, the said 
rings themselves being too small in diameter 
to touch the said disks. | | | 

Instead of using molten metal in tle tube 
to form the connection, pulverized conducting 
material may be used-as, for example, metal 
filings, spelter forming an excellent connect 
or-and in such case the cel is much more 
readily taken apart. Nuts lf on the ends of 
the tubes f* g* serve to hold tle whole to 
gether. | 
The cell is heated and the selenium melted 

thereon, and in all cases I lawe obtained beft 
ter results by filing of the selenium which 
covered the edges of the conducting disks or 
strips, and leaving onlythe selenium between 

| the said conducting strips ordisks. 
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After thé surface is finished the mandrel, if 
of conducting material, should be removed, 
and a handle or tube, t, may be screwed into 
one of the end plates, h”, as a meansfor hold 
ing the cellin 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. 

1 lhave also produced audible effects with a 
selenium-cell receiver when I removed the 
alum cell andl substituted a thin sheet of hard 
rubber-säy one-eighth of an inch thick, and 
therefore sensibly opaque to light-and also 
when I placed in thepath of the rays both the 
rubber 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 sum orother similarbodies. 

I have called the apparatus a*photoplhone” 
because au ordinary beam of light contains" 

i rays which are practically operative. II will 
remark, howewer, thatcutting of the luminous 
rays of the sun which have passed through 
the lenses, as by a solütion of iodine im bi 

i sulphide of carbon, stops the operation of the. 
55 

i posesam artificial source of light the po 
tion of which can be adjustedat pleasure, and 

apparatus. 
I have also employed with the selenium cel 

the rays ofgas, ofa petroleum-lamp, and ofa 
candle, and of the lime-light. Formany pur 

si: 

c°, of insulatingma 

ofanother class of bodies the changesin which 
call become directly audible as sound. 

Ihave described forms of apparatusin which 
the radiant energy falling upom a sensitive 
body operatestowary theresistance of the cir 

70 

cuit of wlich it forms part, others towary the 
electro-motive force of currentin the circuit. 
The strength of the electric current in the 

receiving-circuit mayalso be waried by wary 
ing the electro-motive force developed in that 
circuit. Thus, for instance, a thermopile; when 
used asthesensitivepartof the receiver, would 
alsobedirectlyafected by heat-rays, and would 
giwe rise to warying currents in a. circuit in 
which it was placed; but in order thattones may beso produced the thermopile must be 
not merely sensitive but much more rapid in 
its action thauthose ordinarily known. 
Rays of light, as distinguished from rays of 

heat, will develop an electric current when 
falling upon the junction of two diferent 
metals when reduced to the form of thin films. 
Light. falling on sensitive selenium willalso 
develop a current capable of giving electric 
signals. Im both these contrivances, low 
ever, special rapidity ofaction aswellas 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 
maybe made to exhibitits variations. 
Thé amount ofrays allowed, to act on the re 

ceivermaybe modifiedbycontrolling thesource 
from whichthèy arederived, instead of inter 
cepting ordeviating them in their path. The 
well-known manometric flame apparatus is 
süitable for this purpose. Themotiom required 
to operate such, a flame apparatus may be 
given, as is well known, by tlne woice. 
"The supply of gas fora burner may be al 

lowed to pass throughágratingsimilar 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 tle transmitting 

to the receiving instrument by other than di 
rect paths, if mecessary, 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 mad? of them. The transmitter 
and the sensitive body may be placed nearto 
gether or be separated by any distance over 
which the rays can pass efectively. * 
„If the transmitter be operated by an elec 

tric current, the circuit wlich carries that cur 
rent may be of any desired length and ar 
ranged in ainy appropriateway known to elec 

keptunchanged and unafected by night or Jtricians. 
weather, ismore convenient thausunlight. If an electrically-sensitive receiverbe used 

I have employed prepared selenium as a || as, for example, a selenium cell-the circuit 
type of one class of/sensitive bodies w hose 
changed condition i/manifested by the wari 
ation in the resistanc?theyaffordto a constant 
current, and a disk of hard rubber as a type | 

which contai?s itmay beextended toany suit 
able distance, or may be connected with an 
other circuit by induction-coils in a manier 
and forpurposes we? known to electricians, 
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i replaced by another, one source of radiant 
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character of the wariation in thepath of those 

trollingapparatus. 

p 

p 

one elementis removed and'replaced by adif. 

beam received upomit, whereby electric appa 
ratus in the said, circuit may be controlled to 

45. influence imparted to the beam. 
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and to those who are familiar with wariable: 
resistance electric speaking-telephones. 
Inäsmuch as the rays have noinertia and 

are inflexible, a slight motion of a reflector 
snch, for example, asit will receiveifattached 
to the diaphragm of a receiving-telephone 
can notonlybe made to manifestitselfaslight, 
(as in a reflecting-galwanometer) but also as 
sound, orasa variation of an electric current in a.sécondarytor local circuit supplied with 
its own battery. * 
The sound produced in the receiving-tele 

phone is a function. which is afected by at 
least three wariables-mamely, the character 
of the disturbing rays orof.th?ir source, the 
rays, the character of the sensitive body. 
In the apparatus shown in the drawings, 

when mounted for use asthere arranged, the 
second element is all that waries, and the 
others-remain constant. In one form which I 
lhave mentioned-that in which the source of 
rays is amanometric flame-the wariationis in 
the source itself, the path of the rays remain 
ing unchanged; but it is obwious that when 
ferentone-e, g. when one sensitive body is 
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. 

i I claim– 
1. The herein-described methodofsigmaling 

orcommunicating, which consists in control 
ling a beam ofrays, asto its amount oractive 
strength in accordance with the signals to be 
given, and receiving the said rays on a sensi 
tive substance forminga part of an electric 
circuit and afected as toits resistance in ac 
cordance with the amountor strength of the 

giwe signals corresponding to the controlling 
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-wavesit is desired to produce, and providing a r?ceivingapparatus adapted, 
when acted upon by the said rays, to produce 
air-vibrations or sound-waves corresponding 
to the undulationsor wariations in the said 
beam, substantially as described. 

3. The herein-described method of trans 
mitting articulate and other sound by caus 
ing, intherays proceedingfrom aphotophonic 
transmitting-instrument to aphotophonic re 
ceiver, undulatoryw?riationsin radiantenergy 
similar inform to the sound-waves accompa 
nying said articulate and other sounds. - 

4. The herein-described method of produc ing sounds of any desired pitch, amplitude, 
and oualitw hvéxnosing a bodw sensitive to 

| 9 

radiantenergytorays whose efective energy, 

| 
exercised upon said sensitive body, is caused 
to wary in accordance with the vibrational 
form of the sound-waves appropriate to the 
sound to be produced. . 

5. Thé herein-described method of trans 
mitting articulate and other sounds by caus 
ing the sound-waves which constitute said, 
sounds to produce similar variations in the 
beam ofrays proceeding from a photophonic 
transmitter to a photophonic receiver. 

6. Iman apparatus for communicating sig 
nals, a beam-controlling apparatus to impart 
a warying character to a beam ofrays (from a radiant body) and a receivingapparatus sen 
sitive to the said beam and operated thereby, 
to giwe signals corresponding to the waria 

75 

tions in the said beam imparted by the con 
i 7. The herein-describedapparatus fortrans 
mitting articulate and other sounds by caus ing, ihrays proceeding from a plotophönic 
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 plhotophonic transmitter, the source 
of radiant energy of which is varied or con 
trolled substantially as described. 

9. In an apparatus for producing or repro 
ducing sound ata distant station by means of 
wariations in radiant energy, means, as de 
scribed, forwarying the'amount of suchenergy 
which reaches the distant station by motion 
imparted to the transmittingapparatus. *, 

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 saidicharacter, 
substantially as described. 

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 constitute 
said sound to give the beam an undulatory 
character or wariations in effective strength 
similar inform to the said sound-waves, sub 
stantially as described. 

12. In a plhotophonic transmitter, the com 
binatiou of a movable and an immovable por 
tion to control the amount of radiant energy 
assing fromit, substantially as described. 
- 13. The combination, with the movable part 

of a photophonic transmitter, of mechanism 
operatingelectrically forgiving motion to said, 
part, substantially as described. - " | 

14. The method of producing a beam ofwa 
rying character for photophonic transmission 
by controlling the amount of radialut energy 
which is allowed to pass in the desirefl direc 
tion from a constant source. 

15. Abeam-controlling device comprising 
a wibratory medium and means, as indicated, 
for warving the amount of radiant energy 
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which is allowed to proceed from a constant 
source ina given direction in accordance with 
the wibrations of said medium, substantially 
as described. 

5 - 16. The combination, with a transmitting 
| apparatus to give a beam from a radiantbody 
amundulatory characteror variations in effect 
ive strength, of a receiving apparatus sensi 
tive to the said beam" and having the prop 

ro erty of emitting sound undertheinfluence aud 
corresponding to the character of the said 
beam, substantially as described. - 17. Inanapparatus for spund-transmission, 
a transmitting apparatus to control a beam 

r5 from a radiant body, and a receiving appa 
ratus containing, as a portion of an eleetric 
circuitadevicetheelectricalcondition of which 
is varied in accordance with the strength or 
character of the beam afecting it, and tele 

phonic instruments in circuit therewith, sub. 20 
stantially as described. * 

| 18. Inan instrument containing selenium 
asa portion of an electric circuit, twoormore trips of conducting material separated byin 
ulating Dhaterial, arranged to leave a portion 25 

wof the space between the said strips umoccu 
pied"thereby, and selenium placedin the said 

i umoccupied space, to complete an electric cir 
cuit between-the said conducting-strips, sub 
stantially as and for the purpose described. 3o 
. Fm testinonywhereof I have signed my 
Ename to this specification in the presence of 
two subscribing witnesses. . " 

| ALEXANDER GRAHAM, BELL. 
Witnesses: 

Jos.P.LIVERMORE, 
ARTHUR. R.EYNOLDS. 

  


