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The nonelectric photophone. [A. G. Bell, Philos. Mag. 11, 510 (1881)]. 

Alexander Graham Bell and the Photophone: 
The Centennial of the Invention of 

Light-Wave Communications, 1880-1980 

The invention of light-wave communications 
in 1880 by Alexander Graham Bell and 
Sumner Tainter is reviewed. The events 
leading to the invention, the optimization 
of selenium detectors and the phenomenon 
of sound emission by substances illuminated 
by a concentrated beam of intermittent 
light, are discussed. Finally, attention is 
given to Bell's photophone papers and pat
ents and the opinions of his contemporaries 
about the significance of the invention. 

I have heard articulate speech produced 
by sunlight! I have heard a ray of the 
sun laugh and cough and sing! 

A. G. Bell, February 26, 18801 

INTRODUCTION 

The advanced status of optical com
munications technology today is pri
marily due to the parallel development 
during the past decade of efficient 
semiconductor sources and detectors 
and low-loss fiber-transmission media. 
These new components have been slow 
in coming, for it was 100 years ago 

that Alexander Graham Bell and his 
laboratory assistant, Sumner Tainter, 
became the first to transmit musical 
tones and articulate speech over a 
beam of light. 

In view of the widespread interest 
in what is commonly but mistakenly 
viewed as the "new" field of optical 
communications, it is fitting that this 
issue of Optics News pay homage to 
the photophone centennial, for Bell's 
experiments in light-wave communi
cations reveal an insight into optics 
and semiconductors remarkably ahead 
of its time. Although he did not live to 
see widespread application of his in
vention, Bell insisted until his death 
in 1922 that in the principles it 
embodied it was his most important, 
even more so than the telephone. Ob
viously Bell's opinion reflected remark
able foresight, but its roots were rather 
complex, as can be seen by reviewing 
the events leading to the pioneering 
experiments in light-wave communica
tions that he and Tainter carried out in 
1880 and 1881. 
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Electronics and a freelance writer, resides 
near San Marcos, Texas. 
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AFTEREFFECTS OF THE 
TELEPHONE 

The invention of the telephone in 
1876 almost simultaneously made Bell 
the subject of considerable praise and 
the target of vocal counterclaims by 
rival inventors. While the praise was re
inforced by the granting of funda
mental telephone patents, the counter
claims eventually resulted in some 600 
patent infringement suits initiated by 
the Bell Telephone Company. Many 
of these suits were settled out of court, 
always in the telephone company's 
favor, but those that were not some
times required Bell's considerable time 
and attention. Indeed, the first and 
most important of the early court bat
tles most certainly delayed the inven
tion of the photophone by a year 
or so. 

On September 12, 1878, the Bell 
Telephone Company petitioned the 
Circuit Court of the United States 
for the District of Massachusetts to 
enjoin Peter A. Dowd from infringing 
Bell's telephone patents. Dowd 
was an employee of the Gold and 
Stock Company, a Western Union 
subsidiary charged with handling the 

FORREST M. MIMS, III 



Vol . 6, No. 1/OPTICS NEWS 9 

firm's telephone business. Dowd was 
named as the defendant since he had 
personally rented out telephone equip
ment. Defended by his employer, the 
suit set the stage for a climactic battle 
between the beleaguered Bell Tele
phone Company and the enormously 
more powerful Western Union Com
pany. 

Following the accumulation of 
voluminous evidence by both sides, 
Western Union's chief counsel ad
vised his client that Bell's patents ap
peared to be valid. Settlement nego
tiations were then begun, and on 
November 10, 1879, an agreement 
was reached whereby Western Union 
removed itself from the telephone 
business. In addition, Western Union 
agreed to assign all its telephone 
patents to the Bell Telephone Com
pany in return for a fifth of all tele
phone rental receipts for the next 
17 years. 

Although the settlement virtually 
guaranteed the monopoly sought by 
the telephone company, attending the 
various depositions and searching for 
misplaced documents required much 
of Bell's time during 1879. Apparently 
the suit also strengthened Bell's inner 
doubts about how historians would 
view the priority of his invention, 
doubts that were reinforced, as re
ported in Robert V . Bruce's author
ized biography, when his wife in
formed him of comments by telephone 
company officials " . . . that the dis
covery of the telephone was an acci
dent, and you can do nothing further." 
Mrs. Bell encouraged him to " . . . bring 
out something no matter what, so it 
proves that that was not the end of 
you. " 2 

Bell did have other inventions in 
mind, one being a method for measur
ing the depth of the ocean floor by 
using a technique analogous to sonar. 

He had described his sonic sounding 
idea to his wife in an April 1879 let
ter following a sentence that provides 
important insight into his motivation: 
"I can't bear to hear that even my 
friends should think that I stumbled 
upon an invention and that there is 
no more good in me." 3 

The Dowd case, however, delayed 
further work on Bell's sonic sounding 
schemes, and by the time the Western 
Union settlement was arranged his 
attention had returned to communi
cations. His goal was the intelligible 
transmission of the human voice over 
a beam of light through an as-yet unin¬
vented apparatus he named the photo-
phone. 

S E L E N I U M 

Precisely how Bell came on the idea of 
transmitting speech over a light beam 
is not known. Several years ago, how
ever, I discovered a pair of articles in 

A photophone receiver employing a selenium detector array at the focus of a parabolic reflector. (Courtesy of Bell Laboratories.) 
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the April 25,1878, issue of Nature 
that may shed some light on the in
ventor's inspiration. 

The first paper was a brief treatise 
by Robert Sabine entitled "Action of 
Light on a Selenium (Galvanic) Ele
ment." The light-sensitive properties 
of selenium had been discovered quite 
by accident in 1873 by a Mr. May, a 
technician employed by Willoughby 
Smith, a telegraph engineer. Smith had 
utilized selenium bars to provide the 
high resistance necessary for his meth
od of testing and signaling during 
the submersion of a submarine cable, 
but the method proved ineffective 
since significant variations in the resis
tance of the selenium were observed. 

May identified the culprit: sunlight 
striking the selenium caused its resis
tance to be substantially lower than 
when the selenium was unilluminated. 
Smith devised a series of experiments 
to investigate selenium's light-sensitive 
properties further and communicated 
the results to the Society of Telegraph 
Engineers on February 17, 1873. 

Sabine's gaper showed how the 
light sensitivity of selenium could be 
better utilized by immersing in dis
tilled water a plate of selenium adja
cent to a strip of platinum foil. With 
this arrangement, Sabine found 
" . . . that the slightest shadow or other 
variation in the intensity of the light 
caused a considerable variation in the 
electromotive force of the couple and 
a consequent indication." More pre
cisely, Sabine measured an increase of 
0.15 V in the electromotive force 
from the selenium-platinum cell 
when the otherwise darkened selenium 
was illuminated. 

Sabine's paper was immediately 
preceded by an article by Professor 
W. F. Barrett on "Early Electric 
Telephony," which detailed several 
historical precedents to Bell's first 
telephone. Barrett praised the early 
workers for their ingenuity but con
cluded by recognizing the primacy of 
" . . . the sensitive and beautiful instru
ment discovered by Prof. B e l l . . . . " 

Bell almost certainly read Barrett's 
paper. The intense controversy over 
the validity of his 1875 telephone pat
ent made him acutely sensitive to the 
very subject reviewed in such detail by 

Barrett. Furthermore, Bell and his bride 
were in England for their honeymoon 
when the issue of Nature carrying the 
two papers appeared. 

That Bell also saw and probably 
read Sabine's paper soon after its pub
lication is almost equally certain. The 
first part of the relatively brief paper 
was squeezed between the end of 
Barrett's article, which closed with the 
words " . . . invented and patented by 
Prof. Graham Bell," and a footnote by 
Barrett that also mentioned Bell by 
name. 

A rereading of Bell's speech before 
the Royal Institution of Great Britain 
on May 17, 1878, only 3 weeks after 
the cover date of the Nature articles, 
provides even more convincing evi
dence, for in this talk Bell made his 
first public suggestion regarding the 
use of a variable light to produce 
sound: "If you insert selenium in the 
telephone battery and throw light 
upon it you change its resistance and 
vary the strength of the current you 
have sent to the telephone, so that you 
can hear a shadow."4 A few days later 
Willoughby Smith tested Bell's sugges
tion, and he soon reported to the So
ciety of Telegraph Engineers that he 
had heard the action of light illuminat
ing a selenium bar connected to a tele
phone receiver.5 

In an 1880 address before the Amer
ican Association for the Advancement 
of Science, Bell casually mentioned 
Sabine's paper (and Smith's experi
ment) but provided no hint about 
when he first read it. Since Bell's talk 
and Sabine's paper both used the word 
"shadow," it is almost certain that 
Bell read the paper before giving the 
talk. 

Al l this makes for fascinating his
torical insight into how a creative gen
ius like Bell caught the spark of an 
idea and added the ingredient neces
sary to yield a brilliant invention. 
Sabine used a meter to see the effect 
of light on selenium. Bell added a tele
phone receiver and made it possible 
both to see and to hear what Sabine 
had only been able to see. 

On his return to the United States 
in 1878, Bell attempted the experi
ment he had suggested to the Royal 
Institution, but he was unable to du

plicate Willoughby Smith's results. He 
attributed the failure to the excessive
ly high resistance of the selenium and 
resolved to continue the experiment 
when his responsibilities to the tele
phone company in the prosecution of 
its lawsuit permitted the time. 

THE PHOTOPHONE 

During the development of the tele
phone, Bell had the expert services of 
the assistant whose name was immor
talized in the first words spoken over a 
wire: "Mr. Watson, come here. I need 
you. " 6 But when the Dowd case 
neared its conclusion in the summer of 
1879, Thomas Watson was fully occu
pied by the telephone company as its 
superintendent of manufacturing and 
was unable to assist Bell in non-
telephone-related endeavors. 

Therefore, on October 15,1879, 
Bell hired as his new assistant Sumner 
Tainter, a young but experienced in
strument maker. The employment 
contract, which was as generous as 
Watson's had been, provided a salary 
of $15 a week, 10 per cent of the in
terest in any of Bell's ideas he helped 
reduce to practice, and a half interest 
in any inventions he himself made 
while in Bell's employ. 

Tainter proved to be a superb choice 
for the job Bell had in mind. In 1874-
75, Tainter had served as the instru
ment maker for an around-the-globe 
expedition to observe the transit of 
Venus. He then worked for 3 years for 
Alvan Clark and Sons, a Cambridge, 
Massachusetts, manufacturer of tele
scopes. When hired by Bell, he was in 
business for himself in Cambridge 
making experimental apparatus for 
Harvard. 

In December 1879, Bell and Tainter 
established at 1325 L Street in Wash
ington, D.C., a laboratory for the pur
pose of developing transmitters for the 
telephone company and for pursuing 
such projects as audio recording meth
ods, telephone switchboards, and 
range-finding by means of sound. 
The emphasis soon turned to the prob
lem of transmitting voice over a beam 
of light, as can be seen by referring 
to a January 22,1880, inscription 
in their laboratory notebook: "We 
recognize that an Electric Photophone 
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A photophone transmitter, which utilizes as a carrier sunlight reflected from a voice-modulated thin mirror. (Courtesy of Bell Laboratories.) 

if perfected would probably be found 
of less practical utility than many of 
the other ideas we have discussed; 
but we are both so fascinated by the 
scientific prospects opened up, that 
we have determined to make the 
electric photophone our great object 
of search."7 

Tainter's aptitude and experience, 
combined with the incentive provided 
by his employment contract, soon 
made him more of a partner with Bell 
in the invention of the photophone 
than Watson had been in the invention 
of the telephone. Within a week the 
two experimenters had constructed a 
selenium detector, which they then 
connected in series with a battery and 
telephone receiver. The detector's re
sistance was too high, so efforts to 
detect modulated light waves were 
unsuccessful. 

Willoughby Smith and other selen

ium pioneers had made selenium de
tectors that incorporated platinum 
electrodes, but Bell and Tainter found 
by experiment that the chemical ac
tion of selenium upon brass made the 
latter metal a far better contacting ma
terial than platinum. Evidently it was 
a selenium-brass detector that pro
vided the first successful operation of 
a photophone, for within a few weeks 
Bell was able to write that "the prob
lem of the reproduction of speech by 
the agency of light was . . . solved by 
Mr. Sumner Tainter and myself in my 
laboratory No. 1325 L St. Wash. D.C. 
on Thursday, February 19, 1880." 8 

The transmitter for the historic 
experiment was the essence of simplic
ity, being a plane mirror of silvered 
microscope glass mounted upon a cir
cular aperture. A trumpet-shaped tube 
permitted sound waves to be directed 
against the mirror by a person speak

ing into the tube. The sound waves 
caused the mirror to flex and there
fore caused proportional variations in 
the divergence of a beam of light re
flected from it. 

The resistance of the selenium cell 
used as a receiver varied in direct pro
portion to the fluctuations in light 
intensity from the transmitter mirror. 
This, in turn, modulated the current 
passing through the telephone receiver 
and the battery in series with it. The 
result was reproduction of the original 
sound. 

Bell was elated by the successful 
operation of the new invention. Only a 
few years earlier he had been convinced 
that the telephone, although sur
rounded by controversy, was his great
est achievement. Now he had dis
covered a totally new communica
tions method, which he was convinced 
was fundamentally more important 
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than the telephone itself. On February 
26 he shared his enthusiasm over the 
new invention in a letter to his father: 

"I have heard articulate speech pro
duced by sunlight! I have heard a ray 
of the sun laugh and cough and sing! 
. . . I have been able to hear a shadow, 
and I have even perceived by ear the 
passage of a cloud across the sun's disk 
. . . Can Imagination picture what the 
future of this invention is to be! . . . 
We may talk by light to any visible dis
tance without any conducting wire . . . 
In warfare the electric communica
tions of an army could neither be cut 
nor tapped. On the ocean communica
tion may be carried on . . . between 
. . . vessels . . . and light-houses may be 
identified by the sound of their lights. 
In general science, discoveries will be 
made by the Photophone that are un
dreamed of just now . . . . The twink
ling stars may yet be recognized by 
characteristic sounds, and storms and 
sun-spots be detected in the sun." 9 

On March 26, Bell and Tainter 
transmitted sound a distance of 82 m 
("Red letter day for Photophony!" 
Bell wrote). An even more dramatic 
experiment took place April 1, when 
Tainter carried the photophone trans
mitter to the roof of the Franklin 
School, a block from the L Street lab. 
For this test the selenium detector was 
apparently of the cylindrical variety to 
be described later. It was mounted 
along the axis and thus within the 
focus of a parabolic reflector. 

When all was ready, Tainter beamed 
a 213-m shaft of sunlight toward the 
receiver's reflector in a window of 
the lab and spoke into the mouthpiece: 
"Mr. Bell, if you hear what I say, come 
to the window and wave your hat." 
Bell heard distinctly Tainter's words, 
and as he later recalled in a speech at 
Cornell, "It is unnecessary to say that 
I waved with vigor, with enthusiasm 
which comes to a man not often in a 
l i fetime." 1 0 

PUBLIC DISCLOSURE 

Still smarting from the controversy 
over the origin of the telephone, Bell 
restricted information about the suc
cess of the photophone to trusted 
friends and relatives. The need for 
security severely restricted outdoor 

range tests, so he and Tainter were un
able to do more than speculate about 
the potential range of the apparatus. 

In May Bell presented the photo
phone to the National Bell Telephone 
Company and in return received $2,000 
for its development expenses. Bell pre
dicted that the principles employed in 
the photophone, in addition to paving 
the way for wireless transmission of 
voice, would soon replace the variable-
resistance carbon microphone 
used in telephones. 

On August 27 Bell disclosed public
ly the results of his and Tainter's ex
periments with the photophone in a 
paper presented before the American 
Association for the Advancement of 
Science. The next day, the first of a 
series of patent applications, "Appar
atus for Signaling and Communicating, 
called Photophone," was filed at the 
United States Patent Off ice. 1 1 

The AAAS paper, which is preserved 
in the Proceedings of the American 
Association for the Advancement of 
Science under the title "On the Pro
duction and Reproduction of Sound 
by L ight , " 1 2 is as remarkable for its 
style and clarity as for its content, but 
the most striking aspect of this classic 
paper is the extent to which Bell went 
to acknowledge virtually all the pre
vious art. The first sentence read: "In 
bringing before you some discoveries 
made by Mr. Sumner Tainter and my
self, which have resulted in the con
struction of apparatus for production 
and reproduction of sound by means 
of light, it is necessary to explain the 
state of knowledge which formed the 
starting point of our experiments." 

Bell then proceeded to trace in 
intricate detail the evolution of the 
selenium detector from the discovery 
of the element by Berzelius and 
Bottlieb Gahn in 1817 to its use in 
various kinds of light-sensing cells 
made by Werner Siemens in 1877. He 
then noted how Siemens and other 
workers had monitored the light sen
sitivity of selenium with a galvan
ometer, " . . . but it occurred to me 
that the telephone, from its extreme 
sensitiveness to electrical influences, 
might be substituted with advan
tage." 1 3 

Ever sensitive to charges that he 

had misappropriated the telephone, 
Bell then credited Willoughby Smith, 
" J . F. W. of Kew," W. D. Sargent, and 
A. C. Brown with having also proposed 
the connection of a selenium cell in a 
circuit with a battery and telephone 
receiver. Brown's work was evidently 
very advanced: "In September, or 
October, 1878, Mr. A . C. Brown, of 
London, submitted to me, confiden
tially, the details of a most ingenious 
invention of his, of which we may 
yet hear more. This invention, al
though entirely different from my 
own, involved the use of selenium in 
circuit with a battery and telephone, 
and the production of articulate 
speech by the action of a variable 
l ight." 1 4 

Bell then summed up his list of 
credits by paying tribute to his co
worker: "It is greatly due to the 
genius and perseverance of my friend, 
Mr. Sumner Tainter, of Watertown, 
Mass., that the problem of producing 
and reproducing sound by the agency 
of light has at last been successfully 
solved." 1 5 The remainder of the 
paper he then subtitled "Researches 
of Sumner Tainter and Alexander 
Graham Bell." 

From the chronology given by Bell 
in this paper, he was certain that both 
audio tones and human speech could 
be transmitted over a light beam even 
before he announced at the Royal 
Institution lecture (May 17, 1878) the 
more primitive possibility of hearing a 
shadow. To transmit tones he pro
posed to use a rotating wheel with 
perforations around its perimeter for 
the passage of an intermittent beam of 
light. For transmitting voice he had 
devised a modulation scheme whereby 
light would be passed through a fixed 
plate containing numerous perfora
tions. A similar plate mechanically 
linked to a flexible diaphragm would 
be placed adjacent to the first plate. 
Voice directed against the diaphragm 
would cause the movable plate to slide 
to and fro, thus causing proportional 
fluctuations in the intensity of light 
passing through the perforations in the 
plates. 

Although field experiments with 
the photophone utilized the flexible 
mirror transmitter already described, 
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Bell and Tainter devised more than 50 
methods for voice modulating a beam 
of light. Several were described in the 
AAAS paper, and one in particular will 
interest anyone familiar with laser-
modulation methods: "Let a polarized 
beam of light be passed through a solu
tion of bisulphide of carbon contained 
in a vessel inside a helix of insulated 
wire, through which is passed an undu-
latory current of electricity from a 
microphone or telephonic transmitter 
operated by the voice of the speaker. 
The passage of the polarized beam 
should be normally partially ob
structed by a Nicols prism, and the 
varying rotation of the plane of polar
ization would allow more or less of the 
light to pass through the prism, thus 
causing an undulatory beam of light 
capable of producing speech." 1 6 

The light source for most of the 
photophone experiments was sunlight 
captured by a movable mirror and 
focused upon the flexible mirror of 
the transmitter by a lens. After reflec
tion from the mirror, the beam was 
made parallel by two additional lenses. 
The mirror could be protected from 
excessive heating by passing the sun
light through an alum cell. 

Other light sources were also em
ployed for transmitting articulate 
speech, notably an oxyhydrogen flame 
and a kerosene lamp. Audio tones 
could be transmitted by passing light 
from a source as dim as a candle 
through the perforations around the 
perimeter of a rotating disk. 

The perforated disk became a key 
component in experiments by Bell and 
Tainter to measure the sensitivity of 
various substances to an intermittent 
beam of light. It was also instrumental 
in the design of a signal transmitter 
fashioned by arranging a telegraph key 
so that pressing the key allowed pas
sage of the intermittent beam. 

As for the receiver, Bell and Tainter 
made numerous kinds of selenium de
tectors, two of which were described 
in detail in the AAAS paper. The first 
consisted of two brass plates separated 
by a mica sheet. Brass pins in the 
lower plate were passed through 
matching apertures in the upper 
plate, and selenium was melted into 
the space between the pins and their 

respective apertures. The result was a 
parallel array of annular selenium cells 
sharing common brass electrodes. 

The second detector array was 
formed on the surface of a cylinder to 
permit its installation along the axis 
of a parabolic reflector. The cylinder 
was made by stacking some two dozen 
brass disks separated by mica disks 
slightly smaller in diameter. Connec
tions were made among alternate brass 
disks by pouring molten metal or 
metal filings into tubes formed by 
making a hole in each of the disks be
fore their assembly into a cylinder. 
Selenium was then melted into the 
spaces between brass disks to form a 
stack of series-connected, light-sensitive 
rings. 

The selenium in both detector con
figurations was initially nonconductive 
and insensitive to light, and an anneal
ing process was required to reveal its 
light-sensitive properties. Following 
the advice of earlier workers, Bell and 
Tainter first adopted a tedious anneal
ing procedure requiring the heating of 
the detector array to 214°C for some 
24 h and the gradual cooling to room 
temperature over 40-60 h. 

Bell soon grew impatient with this 
time-consuming procedure and tried 
a simpler approach: "We now simply 
heat the selenium over a gas stove and 
observe its appearance. When the 
selenium attains a certain temperature, 
the beautiful reflecting surface be
comes dimmed. A cloudiness extends 
over it, somewhat like the film of 
moisture produced by breathing upon 
a mirror. 

"This appearance gradually increases 
and the whole surface is soon seen to 
be in the metallic, granular, or crystal
line condition. The cell may then be 
taken off the stove and cooled in any 
suitable way . " 1 7 

Bell could now anneal his detectors 
in minutes instead of days. He and 
Tainter were so pleased with the sim
plified procedure that they made it the 
subject of a joint patent application 1 8 

filed the same day as the application 
for the photophone. 

NONELECTRIC PHOTOPHONE 
RECEIVERS 

While Bell was in Europe in late 1880 

to receive the Volta Prize for his inven
tion of the telephone, it occurred to 
Tainter that lampblack might provide 
a suitable substitute for selenium. On 
Bell's return in January 1881, the 
two men experimented with a variety 
of lampblack detectors, the most effec
tive of which was described in a paper 
Bell read before the National Academy 
of Arts and Sciences on April 21, 
1881: "Silver is deposited upon a plate 
of glass, and a zigzag line is then 
scratched through the film, dividing 
the silver surface into two portions 
insulated from one another, having the 
form of two combs with interlocking 
teeth. 

"Each comb is attached to a screw¬
cup, so that the cell can be placed in 
an electrical circuit when required. 
The surface is then smoked until a 
good film of a lamp-black is obtained, 
filling the interstices between the teeth 
of the silver combs. When the lamp
black cell is connected with a tele
phone and galvanic battery, and ex
posed to the influence of an inter
mittent beam of sunlight, a loud 
musical tone is produced by the tele
phone." 1 9 

The lampblack detector soon be
came part of a joint patent applica
tion filed by Bell and Tainter on 
March 24, 1881. 2 0 Included in the 
narrative was an obituary for the de
tector to whose perfection the two 
men had devoted months of experi
mentation: "The use of selenium, 
which is objectionable for reasons 
based upon the nature of the sub
stance itself, as well as upon its high 
price and scarcity, can therefore be 
dispensed with. The same objections 
do not apply to lamp-black." 

The lampblack detector evolved 
from the discovery by Bell and Tainter 
of the photoacoustic effect and its 
application in nonelectric photophone 
receivers. Although these receivers 
were described in conjunction with 
selenium receivers in various papers 
and patents, I have saved them for 
now to avoid confusion. 

In the paper presented before the 
AAAS on August 27, 1880, Bell 
claimed in his introduction that light-
sensitive properties are not limited to 
selenium alone but are, instead, " . . . a 
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general property of all matter." Fur
thermore, "We have found this proper
ty in gold, silver, platinum, iron, steel, 
brass, copper, zinc, lead, antimony, 
german-silver, Jenkin's metal, Babbitt's 
metal, ivory, celluloid, gutta-percha, 
hard rubber, soft vulcanized rubber, 
paper, parchment, wood, mica, and sil
vered g lass . . . . 

"We find that when a vibratory 
beam of light falls upon these sub
stances they emit sounds, the pitch of 
which depends upon the frequency of 
the vibratory change in the light." 2 1 

The photoacoustic effect was not, 
as one might expect, an accidental 
discovery. In Bell's words, "It is a well-
known fact that the molecular distur
bance produced in a mass of iron by 
the magnetizing influence of an inter
mittent electrical current can be ob
served as sound by placing the ear in 
close contact with the iron, and it 
occurred to us that the molecular 
disturbance produced in crystalline 
selenium by the action of an intermit
tent beam of light should be audible 
in a similar manner without the aid of 
a telephone or battery."2 2 

Bell and Tainter first tried a hard 
rubber sheet: "I held the sheet in 
close contact with my ear while a 
beam of intermittent light was fo¬
cussed upon it by means of a lens. A 
distinct musical note was immediately 
heard. We found the effect intensified 
by arranging the sheet of hard rubber 
as a diaphragm, and listening through a 
hearing tube . . . . " 2 3 

In addition to thin diaphragms, Bell 
and Tainter tried shining an intermit
tent beam of light through tubes made 
of rubber, brass, and wood while listen
ing at the opposite end. In all cases, 
"very promising results" were ob
tained. Incredibly, the musical tone 
produced by a spinning disk could be 
heard by illuminating the ear alone!2 4 

At the time of the August 1880 
AAAS talk, Bell had not yet received 
articulate speech with a nonelectric 
photophone receiver. As he explained 
in the NAAS speech the next year, the 
sounds emitted by the diaphragms and 
tubes of the nonelectric receivers were 
so weak that the transmission range 
was severely limited. Since the voice 
of the person speaking into the trans

mitter mirror could be clearly heard 
over the relatively short distance at 
which tests were conducted, it was im
possible to determine if the receiver 
was reproducing the transmitted 
sounds. 

While in Paris in the fall of 1880 to 
receive the Volta Prize, Bell devised a 
method to test his hypothesis that 
"sonorousness, under the influence of 
intermittent light, is a property com
mon to all matter." He proposed to 
place the material to be tested in a 
transparent vessel fitted with a hear
ing tube. Preliminary results with the 
new method were so encouraging 
that he described them in a note read 
for him before the French Academy 
on October 11, 1880. A few weeks 
later he wrote Tainter about the new 
method: 

"METROPOLITAN HOTEL, RUE 
CAMBON, PARIS, Nov. 2, 1880. 

" D E A R MR. T A I N T E R — * * * * I 
have devised a method of producing 
sounds by the action of an intermit
tent beam of light from substances 
that cannot be obtained in the shape 
of thin diaphragms or in the tubular 
form; indeed, the method is specially 
adapted to testing the generality of the 
phenomenon we have discovered, as it 
can be adapted to solids, liquids and 
gases. 

"Place the substance to be experi
mented with in a glass test-tube, con
nect a rubber tube with the mouth of 
the test-tube, placing the other end of 
the pipe to the ear. Then focus the 
intermittent beam upon the substance 
in the tube. I have tried a large number 
of substances in this way with great 
success, although it is extremely diffi
cult to get a glimpse of the sun here, 
and when it does shine the intensity of 
the light is not to be compared with 
that to be obtained in Washington. I 
got splendid effects from crystals of 
bichromate of potash, crystals of sul
phate of copper, and from tobacco 
smoke. A whole cigar placed in the 
test-tube produced a very loud sound. 
I could not hear anything from plain 
water, but when the water was dis
colored with ink a feeble sound was 
heard. I would suggest that you might 
repeat these experiments and extend 
the resul ts. . . . " 2 5 

In carrying out Bell's suggestions, 
Tainter found numerous materials that 
produced sound when under the influ
ence of intermittent light. Fibrous 
materials, such as silk and cotton, pro
duced much louder sounds than the 
comparatively hard diaphragms used 
previously, but the most spectacular 
results were obtained from a teaspoon¬
ful of lampblack placed in a test tube 
and exposed to intermittent light. 
Tainter then tried smoking a piece of 
plate glass and exposing the soot-
blackened surface to a chopped beam 
of sunlight. The sound was sufficiently 
loud to be heard in any part of the 
room. 

On Bell's return to Washington in 
January 1881, Tainter demonstrated 
the results of his experiments, includ
ing those with the lampblack detector 
described previously, and the two men 
quickly planned an experiment to 
transmit intelligible speech from a 
flexible mirror photophone transmitter 
to a nonelectric receiver. The receiver 
was a funnel-shaped brass cone coated 
on its inner surface with lampblack. 
The funnel's base was covered with a 
window of plate glass, and the opening 
at the funnel's apex was attached to a 
brass hearing tube. The diameter of 
the transmitter's mirror and the re
ceiver's transparent aperture were both 
5 cm. 

Bell told his audience at the April 21, 
1881, address before the National 
Academy of Arts and Sciences that 
when the transmitter and receiver of 
this system were placed 40 m apart, 
"Words and sentences spoken into the 
transmitter in a low tone of voice were 
audibly reproduced by the lamp-black 
receiver."2 6 A month earlier he and 
Tainter had included additional details 
about the new receiver in the patent 
application that covered Tainter's 
lampblack detector.2 0 

THE SPECTROPHONE 

The replacement of the contrary and 
expensive selenium by ordinary lamp
black was a totally unexpected develop
ment, for while in England Bell had 
convinced his cousin, Chichester A. 
Bell, to return with him to Washington 
to apply his knowledge of chemistry 
to perfecting detectors of selenium, 
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tellurium, and sulfur. Bell then decided 
to apply the 50,000 francs (about 
$10,000) received with the Volta 
Prize to the establishment of a perma
nent research laboratory to be staffed 
by Tainter, his cousin, and himself. The 
first product of the Volta Laboratory, 
a spectroscope modified to incorpo
rate an audible rather than visual out
put, was ready by April 1881. 

In operation, the chopped beam 
from a radiant source was passed first 
through a sample under analysis and 
then through a prism, whereupon the 
resulting spectrum was scanned in the 
usual manner with a slit. The eyepiece 
of the spectroscope was replaced by a 
hearing tube coated on its inner sur
face with lampblack. Scanning the 
spectrum resulted in alternate periods 
of sound and silence, the latter inter
vals corresponding to absorption bands. 

The chief value of the new instru
ment, which Bell christened the spec¬
trophone, was the identification of 
previously undetectable infrared ab
sorption bands. He included some pre
liminary results in his 1881 NAAS 
paper,2 7 but only a few days later the 
trio at the Volta Laboratory abandoned 
both the photophone and the spectro¬
phone to pursue the development of 
improved sound-recording methods, an 
effort that culminated in the develop
ment, principally by Tainter, of the 
wax-coated recording cylinder.2 8 

CONTEMPORARY REFLECTIONS 
ON THE PHOTOPHONE 

The heated controversy that sur
rounded the invention of the telephone 
may have contributed to the motiva
tion behind several counterclaims by 
rival inventors when Bell announced 
the photophone. Perhaps the most 
unusual commentary, however, was an 
unsigned editorial in the New York 
Times on August 30, 1880. Describing 
Bell as the one " . . . who invented a 
good deal of the telephone . . . , " the 
Times piece observed that, although 
members of the American Association 
for the Advancement of Science could 
understand the operation of the photo-
phone, "The ordinary man . . . may 
find a little difficulty in comprehend
ing how sunbeams are to be used. Does 
Prof. Bell intend to connect Boston 

and Cambridge . . . with a line of sun
beams hung on telegraph posts, and, if 
so, what diameter are the sunbeams to 
be, and how is he to obtain them of 
the required size? What will become of 
the sunbeams after the sun goes down? 
Will they retain their power to com
municate sound, or will it be necessary 
to insulate them, and protect them 
against the weather by a thick coating 
of gutta-percha? The public has a great 
deal of confidence in Scientific Per
sons, but until it actually sees a man 
going through the streets with a coil of 
No. 12 sunbeams on his shoulder, and 
suspending it from pole to pole, there 
will be a general feeling that there is 
something about Prof. Bell's photo-
phone which places a tremendous 
strain on human credulity." 

The unknown writer of these lines 
may have been overly inspired by the 
occasion of the spectacular 213-m 
range test of the photophone: April 
Fools' Day. In any event, he managed 
to anticipate a fundamental problem 
of atmospheric transmission and to 
hint, unknowingly, at the ultimate 
solution, the optical waveguide. (Gutta
percha, incidentally, is a rubberlike 
substance obtained from certain trees 
in Malaysia and used to insulate 
wires.) 

Counterclaimants and jesting edi
torialists notwithstanding, the scientific 
community generally regarded the 
photophone as a significant develop
ment. Silvanus P. Thompson, for ex
ample, editorialized in Nature2 9 that 
"In spite of those who ingenuously 
attempted . . . to forestall Prof. Bell 
and to discredit the idea that he had 
done anything new, the discovery, 
which he has now published, is a star
tling novelty." Thompson summed up: 
"We congratulate Prof. Bell most sin
cerely on this addition to his well-won 
laurels, and venture to predict for his 
photophone a great, if not widely-
extended, future of usefulness." 

Several weeks later, Nature3 0 car
ried detailed instructions for those of 
its readers who wished to duplicate the 
photophone. Early in 1881, Nature 
summarized a paper that described the 
researches in photophony conducted 
by M. E. Mercadier.3 1 Mercadier's 
contributions included the substitu

tion of the word radiophone for photo
phone, a semanticism that accommo
dated the response of the device to 
both visible and invisible radiation. 
Bell and other workers accepted the 
new term, but in later years Bell gen
erally used the name he originally 
coined. 

In 1881 Abbé Moigno proposed 
using the photophone to communicate 
among planets.3 2 In 1884, the Bell 
Telephone Company exhibited a 
photophone at the International Elec
trical Exhibition in Philadelphia. At a 
meeting of the Franklin Institute on 
October 15, E. J . Houston described 
his impressions of Bell's "beautiful 
experiments" with the photophone in 
a talk entitled "Telephoning Without 
Wires."3 3 During the talk a represen
tative of the telephone company 
demonstrated a photophone and sent 
voice over the modulated beam from a 
limelight. 

In 1893, the American Telephone 
and Telegraph Company displayed a 
lampblack photophone at the Colum
bian Exhibition in Chicago. Visitors 
could enter a booth and hear voice and 
other sounds transmitted from a trans
mitter some 30 m distant. In 1896 Bell 
suggested that newly developed lamps 
could be used to extend the range of 
the photophone, a prediction that 
came to pass the next year when an 
AT&T engineer achieved a range of 
several miles by employing a current-
modulated arc lamp in place of sunlight 
reflected from Bell's flexible mirror. 
That same year, however, Marconi's 
radio experiments totally eclipsed the 
AT&T work. 

CONCLUSION 

Robert V. Bruce's brilliant biography, 
begun in 1965 and published in 1973, 
closed out the photophone era by ob
serving that the vulnerability of radio 
to jamming, a point made by Bell in 
1899, " . . . gave his photophone some 
advantage in military operation; and 
such was indeed to be the chief appli
cation of the photophone principle. 
Eventually the achievement of coherent 
light in the laser beam would greatly 
extend its possible range. For all that, 
the photophone concept still remains 
one of limited utility. Nor is its scien-
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tific significance great—or even per
ceptible."3 4 

As for Bell's steadfast conviction 
that the photophone was his greatest 
invention, more important even than 
the telephone, Bruce wrote: "The ex
planation of that statement is more 
likely to be found in psychology than 
in physics."3 5 

Although possibly justified when 
first penned, these few lines constitute 
the only flaw in Bruce's otherwise 
superb biography. The decade of the 
1970's has set the stage for a photo¬
phonic revival more grand than even 
Bell himself might have suspected, and 
I feel confident in predicting that this 
centennial of the photophone will find 
light-wave communications technology 
at the threshold of widespread utility. 

POSTSCRIPT 

In 1975 I wrote a short book entitled 
Light-Beam Communications,3 6 in 
which Bell's photophone was described. 
While in Washington shortly after the 
book was published, I had the oppor
tunity to visit a storeroom at the 
Smithsonian and see one of the para
bolic reflectors used in one of Bell's 
photophone receivers. I also visited the 
Franklin School and the site of the 
1325 L Street laboratory. The labora
tory is gone, replaced by a parking lot, 
but the Franklin School still stands at 
the corner of K Street and 13th, and 
on it is installed a plaque that reads: 

From the top floor of this 
building was sent on June 
3, 1880 over a beam of 
light to 1325 L Street, the 
first wireless telephone 
message in the history of 
the world. The apparatus 
used in sending the mes
sage was the photophone 
invented by 
ALEXANDER GRAHAM 
BELL, inventor of the 
telephone. 

This plaque was placed 
here by Alexander Graham 
Bell Chapter Telephone 
Pioneers of America 
March 3, 1947 The Cen¬
tiennial of Dr. Bell's birth. 

One can still climb the stairs to the 
top floor of the Franklin School. At 
least I did in 1975 and plan to again 
sometime in 1980 to commemorate 
the photophone centennial in my own 
way with a portable photophone I 
assembled while writing a magazine 
article.3 7 In 1977 I had the privilege 
of demonstrating this photophone for 
Melville Bell Grosvenor, editor emeri
tus of the National Geographic and 
Alexander Graham Bell's grandson. 

On the day of my visit the sun was 
dimmed by a thin layer of clouds, but 
I shall never forget Dr. Grosvenor's 
enthusiasm as he scrambled onto his 
balcony on an upper floor of the Na
tional Geographic Society's head
quarters to catch with my receiver a 
glint of voice-modulated sunlight that 
I beamed to him with his grandfather's 
invention. 

It is in large part due to Dr. 
Grosvenor's interest that on Febru
ary 19, 1980, the National Geographic 
Society will celebrate the centennial of 
the photophone by opening a special 
exhibit in Explorers Hall at the socie
ty's headquarters in Washington (17th 
and M Streets, N.W.). Preparation of 
the exhibit has been coordinated by 
Peter Purpura, curator of Explorers 
Hall, and Jim Lowell, Exhibits and 
Science Presentations Coordinator for 
Bell Laboratories (Murray Hill). Mem
bers of the Optical Society of America 
are particularly encouraged to make 
plans to visit this centennial exhibit 
should they find themselves in Wash
ington this spring. 

Can Imagination picture what the 
future of this invention is to be! 

A. G. Bell, February 26, 18801 
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