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It was the intention that this Biographical Memoir would be
written jointly by the present author and the late Dr. Bancroft
Gherardi. The scope of the memoir and plan of work were
laid out in cooperation with him, but Dr. Gherardi's untimely
death prevented the proposed collaboration in writing the text.

The author expresses his appreciation also of the help of
members of the Bell family, particularly Dr. Gilbert Grosvenor,
and of Mr. R. T. Barrett and Mr. A. M. Dowling of the
American Telephone & Telegraph Company staff. The courtesy
of these gentlemen has included, in addition to other help,
making available to the author historic documents relating to
the life of Alexander Graham Bell in the files of the National
Geographic Society and in the Historical Museum of the
American Telephone and Telegraph Company.



ALEXANDER GRAHAM BELL
1847-1922

BY HAROLD S. OSBORNE

Alexander Graham Bell—teacher, scientist, inventor, gentle-
man—was one whose life was devoted to the benefit of mankind
with unusual success. Known throughout the world as the
inventor of the telephone, he made also other inventions and
scientific discoveries of first importance, greatly advanced the
methods and practices for teaching the deaf and came to be
admired and loved throughout the world for his accuracy of
thought and expression, his rigid code of honor, punctilious
courtesy, and unfailing generosity in helping others.

The invention of the telephone by Alexander Graham Bell
was not an accident. It came as a logical result of years of
intense application to the problem, guided by an intimate knowl-
edge of speech obtained through his devotion to the problem
of teaching the deaf to talk and backed by two generations of
distinguished activity in the field of speech.

Bell's grandfather, Alexander Bell (born at St. Andrews,
Scotland, 1790, died at London, 1865) achieved distinction for
his treatment of impediments of speech, also as a teacher of
diction and author of books on the principles of correct speech
and as a public reader of Shakespeare's plays. Young Alex-
ander Graham Bell, at the age of 13, spent a year in London
with his grandfather. He was already interested in speech
through his father's prominence in this field, and this visit
stimulated him to serious studies. Bell afterwards spoke of
this year as the turning point of his life.

Bell's father, Alexander Melville Bell (born in Edinburgh,
Scotland, 1819, died at Washington, 1905), was for a time
professional assistant to Alexander Bell, then he became lecturer
on elocution in the University of Edinburgh. He developed
"Visible Speech," a series of symbols indicating the anatomical
positions which the speaking organs take in uttering different
sounds. This won him great distinction and, with improvements
made by Alexander Graham Bell, is still a basis for teaching the
deaf to talk. On the death of his father in 1865, Melville Bell
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moved to London, to take over his professional practice. He
also became lecturer on elocution at University College and
achieved distinction as a scientist, author and lecturer on both
sides of the Atlantic.

In 1844 he married Miss Eliza Grace Symonds, daughter of
a surgeon of the Royal Navy, a talented musician.

Alexander Graham Bell, the second of three sons of Melville
Bell, was born March 3, 1847, m Edinburgh. From his mother,
he inherited musical talent and a keen musical ear. He took
lessons on the piano at an early age and for some time intended
to become a professional musician.

His father's devotion to the scientific study of speech had an
early impact on the boy. "From my earliest childhood," said
Alexander Graham Bell, "my attention was specially directed
to the subject of acoustics, and specially to the subject of
speech, and I was urged by my father to study everything
relating to these subjects, as they would have an important
bearing upon what was to be my professional work. He also
encouraged me to experiment, and offered a prize to his sons
for the successful construction of a speaking machine. I made
a machine of this kind, as a boy, and was able to make it articu-
late a few words." This early illustrates his energy, his am-
bition, and his inventive ingenuity.

Always an individualist, Bell decided at the age of 16 to
break away from home and teach. His first position was pupil-
teacher in Weston House Academy, a boys' school at Elgin,
Scotland. After a year here he returned to the University of
Edinburgh for a course in classical studies and then returned
to the Academy a year later as teacher of elocution and music.
His scientific curiosity, a prominent characteristic throughout
his life, is illustrated by his studies, made at this early age, of
the resonance pitches of vowels. Placing his mouth in position
for the utterance of various vowel sounds, he was able to develop
two distinct resonance pitches for each vowel, tapping with a
finger a pencil placed on the throat or on the cheek. The young
man transmitted a lengthy account of his researches to his father
and through him to Alexander John Ellis, President of the
London Philological Society. Through Ellis, Bell learned that
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similar experiments had long before been made by Helmholtz
with the aid of electromagnetically controlled tuning forks.
Unable to repeat Helmholtz' experiments at the time because
of insufficient electrical knowledge, he determined to study elec-
tricity, including its principal application, telegraphy, for he
felt it was his duty as a student of speech to study Helmholtz'
researches and repeat his experiments.

In 1868, Alexander Graham Bell took over his father's pro-
fessional engagements in London while Melville Bell gave lec-
tures in America. Entering into the opportunities of this life
in London with characteristic energy and enthusiasm, he was
launched on a career of feverish activity with a heavy program
of teaching, lecturing, studying and experimenting.

At about this time, tragedy struck the Bell household. In
1867, Bell's younger brother had died of tuberculosis. In 1870
his older brother died of the same cause. The health of Alex-
ander Graham Bell himself became seriously impaired under
the strain of his active career. Melville Bell acted swiftly to
save his only remaining son. He gave up his professional career
in London and in the summer of 1870 nioved to the "bracing
climate" of America. He settled in Brantford, Ontario, for
what was intended to be a two-year trial period.

In the new environment, Alexander Graham Bell's health
rapidly improved, so much so that in 1871 his father suggested
that he be invited to Boston to fill a request for lectures on
visible speech to teachers of the deaf. The invitation was given
and accepted.

The success of these lectures, which began in April, 1871, led
to a succession of engagements and to the rapid establishment
of Bell in Boston as a leader in the field of teaching the deaf
to speak. Shortly after taking up this work, Bell was entrusted
with the entire education of Mr. Thomas Sanders' five-year-old
son George, who was born deaf, and a year or two later, Mr.
Gardiner G. Hubbard of Boston brought to Bell his sixteen-
year-old daughter, Mabel, deaf since early childhood, for in-
struction in speech. These associations were destined to have
a profound influence on Bell's life.
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While in Brantford (August, 187o-lVlarch 1871) and later in 
Boston, Alexander Graham Bell continued his studies of Helm­
holtz' electrical experiments. Working with electrical circuits 
controlled by tuning forks led Bell to consider the invention of 
the harmonic telegraph, that is, a telegraph system making pos­
sible a number of simultaneous transmissions over the same 
wire by the use of different frequencies of interruption of the 
electric current. The idea was not novel with him, for the har­
monic telegraph had for some time lured inventors with the 
promise of rich re~ard. Bell believed that his experiments 
gave hin1 the clue to important improvements in this 
and by 1873 he was working hard on this invention. 

At that tin1e all experiments on the harmonic telegraph were 
made with interrupted electrical current, e.g., with circuits in 
which electrical were produced by alternately opening 
and closing the circuit. The interrupted current, acting upon 
a n1echanically resonant receiving device, such as a properly 
tuned, would cause it to vibrate. \Vhen the effort was n1ade, 
however. to achieve harmonic telegraphy by operating simul­
taneously over the same circuit a number of devices of this sort 
using different frequencies, inventors, including Bell, found 
great and unexpected difficulties. 

During this period, Bell's intense experimental activities were 
by no means confined to the harmonic telegraph. His profession 
was teaching the deaf to speak. His imagination was fired with 
the idea that if deaf children could "see" speech as it is 
they be taught more easily to articulate. With this in 
n1ind he worked with the manometric capsule of Koenig, a device 
\vhich produces a band of light with an outline corre­
sponding to the sound pattern spoken into it; and with the 
phonautograph, which scratches a pattern on smoked glass con­
forming with the pattern of the sound spoken before it. His 
idea was to prepare standard patterns of the various sounds 
with the phonautograph and have the deaf children enunciate 
into the manometric capsule until they could produce light 
patterns identical with the standards. He built a number of 
phonautographs of his own. For one he used an actual human 
ear provided by Dr. Clarence J. Blake, a distinguished aurist 
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of Boston whom he had consulted in the nlatter. While these 
experiments failed in their direct ainl they later were given 
credit by Bell for suggesting to his nlind the great conception 
of a speaking telephone with a single vibrating membrane. 

Other inventors had worked on the problem of transmitting 
speech electrically but had found no way to do it. Bourseul in 
1854, had proposed it, but offered no solution of the problem. 
About 1861 Philip Reis (in Germany) had produced a device 
in which, by very rapid interruptions of the current in a circuit, 
an iron rod surrounded by a coil of wire at the receiving end 
was made to vibrate and thus a musical tone was produced. 
Reis called his device a telephone. It was, of course, not a 
telephone in the present sense of the word, as the interrupted 
current was far too crude a mediunl for the transmission of 

the summer of 1874, Bell had achieved the conception that 
"It would be possible to transmit sounds of any sort if we 
could only occasion a variation in the of your current 
exactly like that occurring in the density of the air while a 
given sound is nlade." It also occurred to Bell that this variation 
of the current could be caused by the movement of a single 
steel reed in a magnetic field if some way could be found to 
move it in the sanle way as the air is moved by the action of 
the voice. Speaking later of his phonautograph constructed 
from the human ear, he "I was much struck by the dis­
proportion in weight between the nlembrane and the bones that 
were moved by it; and it occurred to me that if such a thin and 
delicate membrane could move bones that were, relatively to it, 
very massive indeed, why should not a larger and stouter mem­
brane be able to move a piece of steel in the manner I desired? 
At once the conception of a membrane speaking telephone be­
came complete in my mind." At the moment, however, Bell 
did not know how to reduce this conception to practice. While 
he knew that the motion of iron in a magnetic field would pro­
duce magneto-electric currents, he had the idea that "magneto­
electric currents, generated by the action of the voice alone" 
would be too feeble to produce audible effects from a receiving 
telephone. 
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In this critical time in Bell's thinking about his great invention
occurred the famous meeting between Bell and Joseph Henry.
On March 2, 1875, Bell had occasion to visit Washington in
connection with his harmonic telegraph patents. Bell had a
letter of introduction to Professor Henry, who was then nearly
80, Secretary of the Smithsonian Institution and dean of Amer-
ican scientists. Bell described his experiments on the harmonic
telegraph to an attentive ear. One experiment so aroused
Henry's interest that Bell brought his apparatus to the Institu-
tion the next day and Henry spent much time experimenting
with it. A few days later, Bell wrote to his parents, "I felt so
much encouraged by his interest that I determined to ask his
advice about the apparatus I have designed for the transmission
of the human voice by telegraph. I explained the idea and said,
'What would you advise me to do—Publish it and let others
work it out—or attempt to solve the problem myself?'

"He said he thought it was 'the germ of a great invention'—
and advised me to work at it myself instead of publishing.

"I said that I recognized the fact that there were mechanical
difficulties in the way that rendered the plan impracticable at
the present time. I added that I felt that I had not the electrical
knowledge necessary to overcome the difficulties. His laconic
answer was—'Get it.'

"I cannot tell you how much these two words have encouraged
me. . . . Such a chimerical idea as telegraphing vocal sounds
would indeed to most minds seem scarcely feasible enough to
spend time in working over.

"I believe, however, that it is feasible, and that I have got
the cue to the solution of the problem."

In spite of this encouragement, for several months the idea
of the telephone was pushed into the back of Bell's mind.
During the hours that could be snatched from his professional
work he was working on his invention of the harmonic tele-
graph which his financial backers, Gardiner G. Hubbard and
Thomas Sanders, were anxious to have completed at the earliest
possible date. On June 2, while he was engaged in this work
with his assistant. Thomas A. Watson, one of the transmitting
reeds became out of adjustment so that when plucked it did
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not interrupt the circuit but merely vibrated before its asso-
ciated electromagnet without opening the contacts. Bell's
musical ear and trained observation caused him to note at once
the different quality of the sound produced by the vibration of
the corresponding reed at the receiving end. He immediately
investigated the cause of this change. He was surprised and
delighted to find that without interruption of the circuit the
inductive effect of the vibrating reed at the sending end produced
enough current to cause the receiving end to vibrate audibly.
"These experiments," he said, "at once removed the doubt that
had been in my mind since the summer of 1874, that magneto-
electric currents generated by the vibration of an armature in
front of an electro-magnet would be too feeble to produce audible
effects . . ." Immediately he felt that he had the key to the
fulfillment of his long cherished dream of the electrical speaking
telephone. Before the night was over he had made sketches
for the first models and asked Watson to build them without
delay.

The following months were difficult for Bell. His inventive
interest was centered on his hopes for realizing the electrical
transmission of speech, hopes which were aroused to a high
pitch. But his time was fully committed elsewhere. Hubbard
and Sanders had financially backed his invention of the har-
monic telegraph, and he felt obligated to press forward with
that project. Nevertheless he found time, by great exertion
and excessively long hours, to work on his new idea. The
first models did not prove satisfactory and successive modifi-
cations were made. At last, early in July, while Bell and
Watson were testing a new pair of models, Watson rushed
upstairs in great excitement to tell Bell that "He could hear
my voice quite plainly, and could almost make out what I said."
This was enough to convince Bell that he was on the right track.

The pressure of this program proved too much for Bell's
health, and in August he was obliged to return to his father's
home in Brantford to recuperate. While there he began writing
his patent specifications covering his conception of the undula-
tory current. Here also he continued his telegraph experiments,
especially on means of quenching sparks at contacts. For this
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purpose he devised a variable water resistance to bridge the
contact points. It was this work that suggested the first form
of variable resistance transmitter, later used when the first com-
plete sentence was transmitted electrically.

On his return to Boston, Bell's time was largely taken up with
the organization and conduct of a normal class for the instruc-
tion of teachers of the deaf and with lectures at the Boston
University. Now engaged to Hubbard's daughter, he was
reluctant to call on his backers for further financial assistance
and felt that he should insure adequate support from his teach-
ing before resuming his electrical experiments. He wrote Mabel
Hubbard at this period that he would be glad when his plans
for the normal class were completed, "for my mind will then
be free to bend all its energies upon telegraphy." With his
normal class well under way, Bell's time was taken up with the
completion of his telephone patent applications and visits to his
attorneys in Washington. After his patent was allowed, March
3, 1876 (issued on March 7, 1876), Bell returned to Boston and
a few days later, March 10, 1876, transmitted the first sentence
ever sent over wires electrically, using the liquid transmitter sug-
gested by his telegraph experiments.

The fertility of Bell's genius is illustrated by the breadth and
scope of the first two patents relating to the telephone. They
cover the broad conception of the undulatory rather than the
interrupted current as applied both to harmonic telegraphy and
to the speaking telephone. They cover the production of the
undulatory current both by magnetic induction (vibrating iron
before a magnet on which a coil of wire has been placed) and
by varying a resistance (as is done in the modern transmitter).
They cover telephones with a non-magnetic diaphragm to which
a piece of iron has been attached, as in Bell's original models,
and with iron or steel diaphragms which Bell quickly found to
be more effective.

In 1883 a journalist wrote, "The issuance of Bell's patent on
March 7, 1876, attracted little or no attention in the telegraphic
world. The inventor was practically unknown in electrical
circles, and his invention was looked upon, if indeed any notice
at all was taken of it, as utterly valueless."
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A lively interest in Bell's invention, however, quickly arose in
scientific circles. It was stimulated by the successful demon-
stration of the telephone at the International Centennial Ex-
position at Philadelphia, to a committee of judges including Sir
William Thomson, Joseph Henry and other prominent scientific
men. As a result of this demonstration on June 25, 1876, Bell
was given a Certificate of Award. Sir William Thomson wrote
later of the telephone, "This, the greatest by far of all the mar-
vels of the electric telegraph, is due to a young countryman of
our own, Mr. Graham Bell, of Edinburgh and Montreal and
Boston, now becoming a naturalized citizen of the United
States. Who can but admire the hardihood of invention which
has devised such very slight means to realize the mathematical
conception that, if electricity is to convey all the delicacies of
quality which distinguish articulate speech, the strength of its
current must vary continuously and as nearly as may be in simple
proportion to the velocity of a particle of air engaged in con-
stituting the sound."

The telephone was described and demonstrated before the
American Academy of Arts and Sciences in Boston on May 10,
1876. Demonstrations followed in rapid succession in Boston
later on in May, at Brantford in August, between Boston and
Cambridge in November. On November 26, Bell talked from
Boston with Watson who was in Salem 16 miles away, "the
greatest success yet achieved," Bell wrote Mabel Hubbard.
On December 3, there was a similar demonstration between
Boston and North Conway, New Hampshire, a distance of 143
miles. Other demonstrations and lectures followed.

After the issuance of his second telephone patent, in January,
1877, Bell spent a few months on lectures, demonstrations and
experiments. He married Mabel Hubbard July 11 and with
her left in August for an extended trip to England to interest
English capital in the new invention. On March 5, 1878, he
wrote a letter outlining for the British capitalists his ideas of
the future usefulness of his scientific toy. To quote merely a
single paragraph of this remarkable document:

" . . . it is conceivable that cables of Telephonic wires could be
laid under-ground or suspended overhead communicating by
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branch wires with private dwellings, counting houses, shops,
manufactories, etc., etc., uniting them through the main cable
with a central office where the wires could be connected together
as desired, establishing direct communication between any two
places in the City. Such a plan as this though impracticable at
the present moment will, I firmly believe, be the outcome of the
introduction of the Telephone to the public. Not only so but
I believe that in the future wires will unite the head offices of
Telephone Companies in different cities and a man in one part
of the Country may communicate by word of mouth with an-
other in a distant place."

By the middle of 1877, the telephone was put into commercial
use in this country under the skillful direction of Mr. Gardiner
G. Hubbard. Its immediate commercial success led to a flood
of litigation over the Bell patents which lasted throughout their
life. A part of this arose from mere fraud, inspired by the
great value of the invention. Much of it centered about the fact
that other competent men had been interested in this great prob-
lem, and had come near to solving it. But the end result of all
this welter of litigation was that Bell was upheld as the inventor
of the telephone because he was the first to conceive and apply
the crucial idea of the undulatory current, in contrast to the
older art of interrupted current. As stated in the controlling-
court decision, an opinion of the Supreme Court of the United
States delivered by Chief Justice Waite: "It had long been be-
lieved that, if the vibrations of air caused by the voice in speak-
ing could be reproduced at a distance by means of electricity,
the speech itself would be reproduced and understood. How
to do it was the question. Bell discovered that it could be done
by gradually changing the intensity of a continuous electric
current, so as to make it correspond exactly to the changes in
the density of the air caused by the sound of the voice. This
was his art. He then devised a way in which these changes of
intensity could be made and speech actually transmitted. Thus
his art was put into condition for practical use."

On his return to America in November, 1878, Bell was obliged
to give a great deal of time to testifying in these patent suits in
defense of his inventions. A man of scrupulous honesty, care-
ful to avoid credit for anything which was not his due. Bell
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naturally found it distasteful in the highest degree to be sub-
jected on the witness stand to repeated charges of fraud and
misrepresentation. He recognized the importance of these suits,
however, and fully carried out his obligation to defend his
patents. His masterly testimony in the numerous cases was of
greatest importance in bringing about the successful outcome.

In addition to testifying in the numerous patent suits, Bell
also, acting in a consulting capacity for the telephone com-
panies, made various suggestions for the development of the
telephone system and called attention to any developments which
he thought might profitably be applied. He wrote in May, 1880,
of his success in transmitting sound to a maximum distance of
800 feet using a beam of light and a selenium cell. He asked
the company to take out a patent immediately. "If not, I wish
to be permitted to publish an account of this discovery at once
in some of the leading scientific periodicals."

His interests, however, were much broader than telephony,
and the breadth of these interests led him to turn his attention
into other fields as rapidly as his obligations to the developers
of the telephone made this possible. As leisure and wealth came
to him from his telephone invention, it became possible for him
to devote his time to researches in numerous subjects which
interested him and which gave opportunity for further service
to mankind.

Running through all of Bell's adult life is his interest in im-
proving the teaching of the deaf. This began even before he
left London, and in this country as early as 1871 he accepted
engagements in Boston to explain the application of his father's
system of visible speech to teaching the deaf and dumb to talk.
At that time, deaf children were generally taught to speak among
themselves by sign language. Many leading authorities con-
sidered that it was impracticable and a waste of time to try to
teach speech to the deaf and dumb—it was even commonly sup-
posed that their organs of speech had been impaired. At one
time Bell, as well as his father, had held, as he expressed it, "an
obstinate disbelief in the powers of lip reading." Later he be-
came convinced of these powers, partly perhaps through the ease
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with which he could converse with Mabel Hubbard, who had be-
come adept at lip-reading.

Characteristically, when Bell recognized his misconception he
was quick to correct it in an active way. As early as 1872 he
began a crusade for recognizing the intellectual possibilities of
deaf children and for teaching them to speak and read lips rather
than being content to teach them sign language. His influence
spread rapidly, helped by the success of his application of visible
speech to teaching the deaf to talk. On January 24, 1874, he
addressed the first convention of Articulation Teachers of the
Deaf and Dumb and he continued to take an active part in this
and other organizations of a similar nature. While this work
was interrupted in the years 1875 to 1878 by his activities on
the telephone and associated inventions, he threw himself into
the work again on his return to America in 1878.

In 1880, he received the Volta Award of 50,000 francs for
his invention of the telephone. With this he founded the Volta
Laboratory Association (later the Volta Bureau), which was
largely devoted to work for the deaf. In 1883, after an exhaus-
tive study, he presented before the National Academy of Sci-
ences a memoir: "Upon the formation of a deaf variety of the
human race." In this he traced the eugenic dangers of the
enforced segregation of deaf people which resulted from teach-
ing them sign language rather than teaching them to speak and
read lips. In 1884, he made a plea before the National Educa-
tion Association for the opening of day schools for the deaf
as one means of reducing this danger.

There were tendencies for the proponents of sign language
and of articulation to break into two hostile camps. However,
Bell's conciliatory policy held the group together and led in
1890 to the organization of the American Association to Pro-
mote the Teaching of Speech to the Deaf. Bell was President
of this organization and heavily supported its work, giving a
total of more than $300,000.

In 1888, at the invitation of the Royal Commission appointed
by the British government to study the condition of the deaf,
Bell gave exhaustive testimony before them based upon his
experience and upon an extensive study of conditions in Amer-



ALEXANDER GRAHAM BELL OSBORNE

ica. He was appointed an expert special agent of the Census
Bureau to arrange for obtaining adequate data regarding the
deaf in the census of 1900 in this country and devoted large
amounts of time to this work at great personal sacrifice. It is
not surprising that at the World's Congress of Instructors of
the Deaf held in Chicago in 1893, Dr. Bell was held as the man
to whom "more than any other man not directly connected with
the work, we are indebted for the great advance made in teach-
ing speech to the deaf, and in the establishment of oral schools
of instruction throughout the country."

Among the honors received by Dr. Bell, some of those which
touched him the most were the naming for him of several schools
for the deaf. Among his many honorary degrees, Harvard
College in 1896 gave him LL.D. for his scientific achievements
and work for the deaf child.

Bell's work on the eugenic dangers of the enforced segrega-
tion of deaf people led him into pioneer work in the general field
of eugenics which, throughout his life, continued to be one of
his important interests. In 1918 and 1919 he published the re-
sults of extensive studies of longevity and of the betterment of
the human race by heredity. In 1921 he was made Honorary
President of the Second International Congress of Eugenics at
New York City. During the last 30 years of his life he carried
on continuously breeding experiments with sheep, leading to-
wards the development of a more prolific breed. These experi-
ments are still going on with the original line in Middlebury,
Vermont, with encouraging results.

In spite of all these accomplishments, Bell's incessant activity
gave him time to apply his genius with profit to other fields.
One of the most important of Bell's inventions outside of the
telephone field resulted directly from the Volta prize. Bell's
interest in speech led to the development by the Volta Labora-
tory of the engraving of wax for phonograph records, applicable
to both the cylindrical and flat disk forms. A fundamental
patent was obtained on this now generally used type of record.
It is of interest to note that one of the original records devel-
oped by Bell and his associates, which was deposited at the
Smithsonian Institution in 1881 in a sealed package, with in-
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structions that it should be opened in 50 years, was recently
played in the presence of Mr. Bell's daughters and of interested
scientists.

Another invention of importance was the telephone probe,
an adaptation of the telephone and the electric circuit, to deter-
mine the location of a bullet or metallic masses in the human
body. In recognition of this, and other inventions, the Univer-
sity of Heidelberg gave him the honorary degree of M. D. in
1886.

Nothing better illustrates Bell's independence of thought than
his staunch support of aviation at a time when it was considered
so quixotic a subject that Bell risked his scientific reputation
in so doing. As Lord Kelvin wrote to Mrs. Bell in 1898, "When
I spoke to him on the subject at Halifax, I wished to dissuade
him from giving his valuable time and resources to attempts
which I believed, and still believe, could only lead to disappoint-
ment, if carried on with any expectation of leading to a useful
flying machine."

In 1891 Bell contributed $5,000 for Langley's aviation experi-
ments. On May 6, 1896, he saw the successful flight of Lang-
ley's steam-driven 16 foot model, which, however, did not carry
a man. Speaking of this experience later, he said, "The sight
of Langley's steam aerodrome circling in the sky convinced me
that the age of the flying machine was at hand."

In 1898, Bell was elected a Regent of the Smithsonian Institu-
tion. His enthusiasm for Langley's experiments with small-
scale models of a flying machine had much to do with obtaining
from the War Department an appropriation of $50,000 to be
used by Langley for the development of aeronautics.

Langley's full scale model, carrying a pilot, fell into the Poto-
mac on its trial in 1903, and the whole project dissolved in ridi-
cule. However, soon after this the Wright brothers made their
epochal flight at Kitty-Hawk, the first man-carrying flight of a
controlled airplane. These events further confirmed the abid-
ing interest in aviation of Alexander Graham Bell.

For years Bell had been studying the flight of kites at his
summer home, Beinn Bhreagh, in Cape Breton Island on the
Bras D'Or. This he considered the best approach to the prob-
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lem of aviation. By 1901 he was working with a tetrahedral
form of kite structure, a form which gave stability. This work
was greatly expanded in the following years. Giant kites of
multicellular, tetrahedral form were built and flown. In 1907
his huge kite Cygnet I, towed across Baddeck Bay carrying
Lieutenant Selfridge, rose to a height of 168 feet.

While Bell's tremendous experimentation in this field was
without direct application to aeronautics, indirectly it was of im-
portance. It led Mr. and Mrs. Bell to become patrons of aero-
nautical research and greatly to advance aviation in this way.
In connection with his experimental work, Bell attracted to his
home at Beinn Bhreagh a group of talented young men devoted
to aviation. In October, 1907, he entered into an agreement
with these men for their joint production of experiments on
"aerial locomotion," "all working together individually and con-
jointly in pursuance of their common aim to get into the air
by the construction of a practical aerodrome driven by its own
motive power and carrying a man." This organization was
named the Aerial Experiment Association, and its work was
financed by Mrs. Bell. The Association included Bell, Glenn
H. Curtis, F. W. Baldwin, J. A. D. McCurdy, and Lieut. T.
Selfridge. Bell was chairman.

The Aerial Experiment Association, during its one and one-
half years of activity, principally at Hammondsport, N. Y., made
important contributions to the development of aviation. In
March 1908, their first machine, piloted by "Casey" Baldwin,
made an important public flight, rising 10 feet above Lake
Keuka for a distance of over 300 feet. One of the achieve-
ments of this flight was a demonstration of the aileron as an
improvement over the wing-warping method previously used
by the Wrights for obtaining stability. The aileron is funda-
mental to all airplane construction today. The second machine
of the Association introduced the doped fabric which played so
important a part as a wing cover through 20 years of the develop-
ment of flying. The third machine, designed by Curtis, flew
so well that it was entered for the Scientific American trophy
for the first public flight of one kilometer, straightaway. The
flight was made July 4, 1908, and the trophy won. The fourth
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machine of the Association used balloon fabric for the wings
and proved very successful. In the winter of 1909, McCurdy
made repeated flights at Beinn Bhreagh, sometimes doing nine
miles at a stretch. The Association was dissolved at midnight
March 31, 1909, with a resolution by the members "that we
place on record our high appreciation of her (Mrs. Bell's)
loving and sympathetic devotion without which the work of the
Association would have come to naught."

As in the case of his work on the telephone, Bell's activity
for the advancement of aviation was stimulated by a prophetic
vision of the future importance of developments in this field.
In 1908, asked by the editor of Century to comment on proofs
of an article by E. C. Stedman entitled "The Prince of the
Power of the Air," Bell wrote: "While, of course, the bird is
Nature's model for the flying-machine heavier than air, Mr.
Stedman is undoubtedly right in looking upon the fish as the
true model for the dirigible balloon. It is certainly noteworthy
that the dirigible war-balloon of today already approximates
the fish-like form predicted by him. He is also right I think
in supposing that of all the nations in the world the interests
of Great Britain will be most vitally affected by progress in
aeronautics. For it is obvious that sea-power will become of
secondary importance when air-power has been fully developed
through the use of dirigible balloons and flying machines in war.
The nation that secures control of the air will ultimately rule
the world."

This brief description of some of Bell's chief accomplish-
ments gives also an indication of some of his outstanding per-
sonal characteristics. He was one of driving energy, insatiable
scientific curiosity, independence of thought and individuality of
action. As a young man, he was tall, dark with flashing eyes,
somewhat frail in appearance. He was described by an observer
in 1877 as follows: "Professor Bell is a man of most genial
and kindly presence, so courteous and gracious in manner that
you could not feel yourself an intruder though you chanced to
drop into his room when some private class was under special
training. At the same time though his affability sets you at
ease, you could not fail to observe that he is one of the busiest
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of men, so intent upon the development of plans which occupy
his life that he has no leisure for visitors who are not interested
in his work. He is young, apparently not more than five and
thirty (he was just 30) with an unusually prepossessing counte-
nance; very happy in his expression; of pale complexion with
jet black hair brushed up from his forehead and pleasant, spark-
ling black eyes—the face of a man all engaged in his work and
finding satisfaction in it."

Later in life, Bell's health became more stable, his frame filled
out, his hair became white and his whole appearance impressive
and commanding.

Bell's code of honor included scrupulous regard for the exact
description of his own contributions to inventions or researches
and credit to those of others. He was present at the Second
Annual Banquet of the Aerial Club of America shortly after
the successful flight of the first machine of the Aerial Experi-
ment Association. Cheered to his feet by prolonged applause
of this performance, he said, "I really had nothing to do with
the success of the experiment. The credit for its success was
due to Mr. G. H. Curtis, Mr. F. W. Baldwin and Mr. J. A. D.
McCurdy. . . . In this company of experimenters I must in-
clude Lieutenant Selfridge of the United States Army and Mrs.
Bell who supplied the capital for the scientific experiments to
get the machine into the air."

His appreciation of assistance and encouragement received
from others was warmly felt and often expressed in some tan-
gible and suitable way. Though Henry died before the tele-
phone was well established, Bell saw to it that an instrument
was installed without charge in Henry's residence for the use
of his family, "in recognition," Bell said, "of the efforts and
services of Prof. Henry in the early history of the instrument
and who did a great deal to encourage the inventor."

Bell's services to the promotion of science extended far beyond
his own researches. From 1898 to 1903, he was President of
the National Geographic Society and did much to develop the
policy of that Society and of its magazine in the channels which
have led to the present tremendous membership and influence.
He served as Regent of the Smithsonian Institution from 1898
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until his death. In 1890, a generous gift by him helped start
the Astrophysical Observatory of the Institution and in 1894
he brought the body of James Smithson, founder of the Smith-
sonian Institution, from Genoa to Washington.

Honors came to Bell in great number. Some of these have
been mentioned in the discussion of his achievements. He re-
ceived a large number of honorary degrees from universities in
America, in the British Isles and in Germany. He was elected
a member of the National Academy of Sciences in 1883. He
was made an Officer of the Legion of Honor of France in 1881.
He was awarded a medal by the Louisiana Purchase Exposition
in 1904, the John Fritz Medal from a group of national engineer-
ing societies in 1907, the Elliott Cresson Medal from the Frank-
lin Institute in 1912, the David Edward Hughes Medal from the
Royal Society, London, in 1913 ; the Thomas Alva Edison Medal
by the American Institute of Electrical Engineers in 1914, and
the Civic Forum (New York) Medal in 1917. In 1917 the
Governor General of Canada unveiled a Bell Telephone Memo-
rial erected in his honor at Brantford, Ontario, in the Alexander
Graham Bell Gardens and dedicated the Bell homestead and
grounds as part of the public parks system of Brantford. In
1920, his native city of Edinburgh elected him a Burgess and a
Guild Brother of the city and conferred upon him "The freedom
of the city of Edinburgh in recognition of his great achieve-
ment in the solution of the problem of telephone communication
and of his brilliant and distinguished career as a scientist." This
was an honor which deeply touched his heart.

Early in his professional work Bell determined to become a
citizen of the United States, taking out his first papers in 1874
and receiving his final papers in 1882. He was immensely proud
of his American citizenship, which, as he stated, was his by
choice rather than by accident.

In the later years of his life, Bell spent more and more time
at his summer estate, Beinn Bhreagh, in Nova Scotia. Here,
on August 2, 1922, he died. Here he was buried on the top of
a mountain in a tomb cut out of a solid rock, with the epitaph,
"Died a citizen of the U. S. A." During the ceremony, every
telephone on the continent of North America was silenced in
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honor of the man who had given to mankind the means for
direct communication at a distance.

Not only did Alexander Graham Bell leave the telephone as
a perpetual memorial to him but the influence of his personality
remains strong on those who knew and loved him. Even now,
20 years later, a scientist who for many years knew him well,
writes, "The fact that he never spoke disparagingly of others
was a remarkable trait, the value of which nowadays I appre-
ciate more than I did when he was alive. I miss his personality
more than that of any other human being who has come and
gone in my life."



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXIII

BIBLIOGRAPHY OF WRITINGS AND ADDRESSES
OF ALEXANDER GRAHAM BELL*

i. Education of the Deaf
Visible Speech as a Means of Communicating Articulation to Deaf-Mutes.

American Annals of the Deaf and Dumb, Vol. XVII, No. I, pp. 1-21,
I ill., January 1872.

Establishment for the Study of Vocal Physiology: For the Correction of
Stammering, and Other Defects of Utterance; and for Practical In-
struction in "Visible Speech." Conducted by Alexander Graham Bell,
at 35 West Newton Street, Boston. Pamphlet, 16 pages, Boston, 1872.

On the Nature and Uses of Visible Speech. Pamphlet, 8 pages, published
Boston, 1872, by Rand, Avery and Co. (Extracted, by permission,
from "Old and New.")

Articulation for Deaf-Mutes. Proceedings of the Second National Con-
ference of Principals of Institutions for the Deaf and Dumb, held at
Flint, Mich., August 14-15, 1872, pp. 152-161, disc. pp. 161-177.

Lip-Reading and the Education of Semi-Mutes. American Annals of the
Deaf and Dumb, Vol. XIX, No. 2, pp. 98-99, April, 1874. (Abstract
of a paper presented at the First Convention of Articulation Teachers
of the Deaf and Dumb, employing Prof. A. Melville Bell's System of
Visible Speech, held at Worcester, Mass., Saturday, January 24,
1874.)

Recording the Vibrations of the Human Voice. American Annals of the
Deaf and Dumb, Vol. XIX, No. 4, pp. 218-219, October, 1874. (Re-
port of an address delivered at the Second Convention of Articula-
tion Teachers of the Deaf and Dumb held at Worcester, Mass., June
13, 1874-)

Speeches at the Eighth Convention of American Instructors of the Deaf
and Dumb, held at Belleville, Ontario, July 15-20, 1874 (see Proceed-
ings), including:

The Semi-deaf Pupil, 2 pages.
Visible Speech, 6 pages.
Upon the Education of the Sense of Hearing in the Semi-Deaf,

2 pages.
Assisting the Hearing with Sound Lenses. A letter written to Prof.

Samuel Porter, Gallaudet College, and published in part in the Ameri-
can Annals of the Deaf and Dumb, Vol. XXII, No. 2, pp. 117-118,
April, 1877.

On the Principles and Applications of the System of Visible Speech in-
vented by his Father, Mr. Alexander Melville Bell. Proceedings of
the Philosophical Society of Glasgow, Vol. XI, 1877-1880, p. 209 (Title
only). (Address before the Society Nov. 4, 1877.)

* Much help in the preparation of this bibliography was obtained from
the use of an unpublished bibliography prepared by Fred DeLand of
The Volta Bureau.



ALEXANDER GRAHAM BELL OSBORNE

Upon a Method of Teaching Language to a Very Young Congenitally
Deaf Child. American Annals of the Deaf and Dumb, Vol. XXVIII,
No. 2, pp. 124-139, 3 ills., April, 1883.

Upon the Formation of a Deaf Variety of the Human Race. The National
Academy of Sciences, Memoirs, Vol. II, pp. 179-262, 1883 (Presented
Nov. 13, 1883).

Fallacies Concerning the Deaf, and the Influence of these Fallacies in
Preventing the Amelioration of Their Condition. American Annals
of the Deaf and Dumb, Vol. XXIX, No. 1, pp. 32-60, 67-69, Jan. 1884;
also, Bulletin of the Philosophical Society of Washington, Vol. VI,
pp. 48-77-

Deafness in White Cats (Letters to The Editor). Science, Feb. 15, 1884,
p. 171 and Dec. 29, 1884, pp. 243-244.

Address as President (pp. 27-29) and Discussions in various subjects in
Proceedings of the Convention of Articulation Teachers of the Deaf,
held at New York City, June 25-28, 1884.

Speeches at the Fifth National Conference of Principals and Superin-
tendents of Institutions for Deaf-Mutes, Faribault, Minn., July 9-13,
1S84. (See Proceedings.)

Deaf-Mute Instruction in Relation to the Work of the Public Schools.
An address to members of the National Education Association, Madi-
son, Wis., July 16, 1884; Proceedings, 14 pages.

Deaf Classes in Connection with the Public Schools. American Annals
of the Deaf and Dumb, Vol. XXIX, No. 4, pp. 313-318, Oct. 1884.
(Abstract of an address and discussion by invitation of the Board
of Education of Chicago, July 20, 1884.)

Is there a Correlation between Defects of the Senses? Science, February
13, 1885, pp. 127-129.

The Wisconsin Bill Relating to the Instruction of Deaf-Mutes (Letter
to the Editor). Science, May 8, 1885, p. 375.

The Deaf-Mutes of Martha's Vineyard. American Annals of the Deaf,
Vol. XXXI, No. 4, pp. 282-284, Oct. 1886. (Abstract of Paper pre-
sented at the National Academy of Sciences, with additional notes.)

The Value of Reading for the Deaf. American Annals of the Deaf, Vol.
XXXII, No. 3, pp. 198-199, July, 1887. (Summary of an Address
before the Literary Society of the National Deaf-Mute College, Feb.
18, 1887.)

Addresses and Remarks at the Sixth National Conference of Superintend-
ents and Principals of Institutions for the Deaf, April 14-17, 1888 (See
Proceedings) including:

California Resolution.
On Reading as a Means of Teaching Language to the Deaf—

7 pages.
Census of the Deaf.
Address on Gallaudet.



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXIII

Facts and Opinions Relating to the Deaf from America. London, 1888,
!95 pages. (Material Bell collected in preparation of his report to
the British Royal Commission on methods of caring for and educating
deaf-mutes.)

The Census of 1890—suggestions concerning the Deaf, Blind, etc. Ameri-
can Annals of the Deaf, Vol. XXXIV, No. 1, pp. 88-92, Jan. 1889.
(Letter to Senator Hale, Chairman of the Senate Committee on the
Census.)

Professor A. Graham Bell's Studies of the Deaf. Science, September
5, 1890, pp. 135-136. (Letter to the Editor in reply to criticisms of
Mr. W. J. Jenkins upon reported statements by Dr. Bell, concerning
marriage among deaf-mutes.)

The Training of Teachers at Gallaudet College. Reprint from Con-
gressional Record. (An address before the Conference Committee
of Congress on Appropriations, protesting against "a proposed ap-
propriation for training deaf students to teach the deaf, because it is a
backward step." Washington, D. C, January 27, 1891.)

Marriage. Science, March 20, 1891, pp. 160-163. (An address to the
Deaf: to the members of the Literary Society of Kendall Green,
Washington, D. C, March 6, 1891.)

Reading Before Writing. American Annals of the Deaf, Vol. XXXVI,
No. 2, pp. 141-142, April, 1891. (A letter to the Editor in reply to
Mr. Blattner's comments.)

Lectures and speeches delivered at the First Summer Meeting of The
American Association to Promote the Teaching of Speech to the
Deaf, July 1-10, 1891. Proceedings:

Origin of The American Association to Promote the Teaching
of Speech to the Deaf, pp. 17-24.

The Thorax and Larynx, pp. 66-74, 3 ills.
The Pharynx and Mouth in Their Relation to Speech, pp. 131-

147, 4 ills.
The Functions of the Epiglottis and Soft Palate, pp. 198-200,

2 ills.
Methods of Studying the Mechanism of Speech, pp. 200-214,

5 ills.
Visible Speech, as Taught to the Deaf, pp. 221-238, 7 charts.
Consonants, pp. 369-384, 5 ills.
Vowels, Glides and Combinations, pp. 385-391.

The Condition of Articulation Teaching in American Schools for the
Deaf. An address as President at the opening of the Second Summer
Meeting of the American Association to Promote the Teaching of
Speech to the Deaf, June 29-July 8, 1892. Proceedings, pp. 10-72
(including numerous charts and tables).



ALEXANDER GRAHAM BELL OSBORNE

Addresses before the Seventh National Conference of Superintendents
and Principals of Institutions for the Deaf, Colorado Springs, Colo.,
Aug. 7-11, 1892 (See Proceedings), including:

Condition of Articulation Teaching in America, pp. 44-47.
Upon the Classification of Methods of Instructing the Deaf,

pp. 86-93.
The Progress Made in Teaching Deaf Children to Read Lips

and Talk, in the United States and Canada. (See Science,
Aug. 26, 1892, pp. 118-120.)

Utility of Signs. The Educator, May, 1894, Vol. V., No. 2, 5 pages.
(This paper and one entitled "The Question of Sign-Language," from
The Educator, Vol. V., pp. 3-4, published together in pamphlet form,
Washington, D. C, 1898, 29 pages.)

Valedictory Address. Proceedings, fourth Summer Meeting of The
American Association to Promote the Teaching of Speech to the
Deaf, 1894, 11 pages.

A Few Thoughts Concerning Parents' Associations. An address de-
livered upon the organization of the first Association of Parents of
Deaf Children, Boston, Mass., 1895, 8 pages.

Growth of the Oral Method of Instructing the Deaf. An address delivered
November 10, 1894, on the 25th anniversary of the opening of the
Horace Mann School, Boston, Mass. Published in the Annual Re-
port of the Committee on the Horace Mann School, School Document
No. 12, 1895. 15 pages with an appendix of 8 pages and charts.

The Mystic Oral School: An Argument in its favor. An address before
the Committee on Humane Institutions of the Connecticut Legislature,
March 10, 1897. Pamphlet, Washington, D. C, 1897, 25 pages, with
an appendix of 13 pages containing statistics, etc.

Education of the Deaf (An Address delivered at the 36th Annual
Meeting of the National Education Association held in Milwaukee,
Wis., July 6-9, 1897). Journal of Proceedings and Addresses, pp.
96-104.

Address, as President, showing how the Association came into existence,
its objects, and what it proposes to do. With statistics of speech-
teaching. Proceedings, pp. 3-18, Appendix pp. 20-42, Sixth Summer
Meeting of the American Association to Promote the Teaching of
Speech to the Deaf held at Clarke School for the Deaf, Northampton,
Mass., June 22-28, 1899. See also Association Rcviciv, Vol. 1, No. 1,
pp. 67-82 with Appendix pp. 84-106, October, 1899.

A Philanthropist of the Last Century Identified as a Boston Man (Francis
Green). Reprint from Proceedings of the American Antiquarian
Society, at the Semi-Annual Meeting, April 25, 1900. 13 pages.

Sketch of the Life of Francis Green, with Extracts from his Unpublished
Autobiography. The Association Review, Vol. II, No. 2, pp. 119-126,.
April, 1900.

23



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXIII

Historical Notes Concerning the Teaching of Speech to the Deaf. Begins
in The Association Review, Vol. II, No. I, pp. 33-65, February, 1900,
and continues to February, 1905.

Special Report Upon the Deaf. Report made as special agent of the
Census Bureau for the Twelfth Census, U. S. Census Bureau, 1906.

Special Report Upon the Deaf. Abstract of and comments on the Returns
of the Twelfth Census. Begins in The Association Review, Vol. VIII,
No. 4, pp. 351-370, October, 1906; and ends in the December, 1908
number.

French Pronunciation in the Melville Bell Symbols. The Association
Review, Vol. XI, No. 5, pp. 537-542, December, 1909.

The Mechanism of Speech—Lectures delivered before the American Asso-
ciation to Promote the Teaching of Speech to the Deaf, to which is
appended a Paper; Vowel Theories—Read before the National
Academy of Arts and Sciences. Published by Funk and Wagnalls
Company, N. Y., 1911 (5th Edition). 133 pages. (A collection in
book form of material covered by other items in this bibliography.)

What Is the Deaf Child Sent to School For ? The Volta Review, Vol. 14,
No. 8, pp. 572-579, December, 1912. (An address delivered at the
Ninth summer meeting of the American Association to Promote the
Teaching of Speech to the Deaf, held at Providence, R. I.)

The Growth of the Oral Method in America. An elaboration of an
address delivered October 10, 1917, at Northampton, Mass., at a
meeting commemorating the fiftieth anniversary of the founding of
The Clarke School. Pamphlet, 33 pages, 1917.

Graphical Studies of Marriages of the Deaf in America. Published by
The Volta Bureau, Washington, D. C, 1917, 259 pages.

2. The Telephone, the Photophone, the Spectrophone

Researches in Telephony. Proceedings of The American Academy of Arts
and Sciences, Vol. XII, 1876-1877, pp. 1-10 (Presented May 10, 1876
by the Corresponding Secretary.)

Telephonic Method of Transmitting Speech (Brief Abstract of communi-
cation to the Philosophical Society of Washington, Jan. 13, 1877).
Bulletin, Vol. II, pp. 103-4.

On the Telephone. Bulletin of the Essex Institute, Vol. 9, pp. 21-27, 1877.
(Lecture at Essex Institute, Salem, Mass., Feb. 12, 1877.)

The Telephone. Proceedings, Society of Arts, Boston, 1877. (Title only)
On Recent Experiments in Telephony. (A lecture delivered at the

Plymouth meeting of the British Association for the Advancement
of Science, August, 1877.) Report of Plymouth Meeting, Trans-
actions of the Sections, p. 201 (Title only).

Researches in Electric Telephony. Lecture delivered before the Society
of Telegraph Engineers, London, England, October 31, 1877. Pro-
ceedings, 1877, 32 pages.

24



ALEXANDER GRAHAM BELL OSBORNE

The Telephone. The Journal of the Society of Arts, London, Vol. XXVI,
Nov. 30, 1877, pp. 17-23.

On the Determination of Equipotential Curves and Surfaces by the
Telephone. Proceedings of The American Academy of Arts and
Sciences, Vol. XIV, 1878-1879, p. 326 (Title only). Presented
December 11, 1878.

Upon Residual Induction. Proceedings of the American Association for
the Advancement of Science, August, 1879, p. 210 (Title only).

Upon the Methods of Exploring the Field of Induction of Flat Spirals.
Proceedings, the American Association for the Advancement of
Science, August, 1879, p. 210 (Title only).

Upon Binaural Audition. Proceedings of the American Association for
the Advancement of Science, August, 1879, p. 210 (Title only. See
American Journal of Otology, July, 1880).

Binaural Audition. Abstract of Communication to The Philosophical
Society of Washington, Jan. 3, 1880, Bulletin, Vol. I l l , pp. 69-70,
Tables, pp. 71-74.

On the Production and Reproduction of Sound by Light. (Read before
the American Association for the Advancement of Science, Aug. 27,
1880). The American Journal of Science, Vol. XX, pp. 305-324,
10 ills., 1880.

The Photophone. Journal of the Society of Arts, London, December 3,
1880, Vol. XXIX, No. 1463, pp. 38-43. (See also Science, Sept. 11,
1880, pp. 130-134.)

The Production of Sound by Radiant Energy—The Spectrophone. (Com-
munication to the Philosophical Society of Washington, April 16,
1881, Bulletin, Vol. IV, pp. 143-162, 13 ills. Also Science, May 28,
1881, pp. 242-253) ; and The American Journal of Science, Vol. XXI,
1881, pp. 463-490-

Upon a Modification of Wheatstone's Microphone and Its Applicability to
Radiophonic Researches. Communication to the Philosophical Society
of Washington, June 11, 1881, Bulletin, Vol. IV, pp. 183-185. (See
also The American Journal of Science, Vol. XXII, 1881, pp. 87-89).

A Possible Method of Electrical Communication Between Vessels at Sea.
Proceedings of The American Association for the Advancement of
Science, pp. 132-133, September, 1884.

Open Letter to the Hon. A. M. Garland, Attorney-General of the United
States, denying charges preferred by the United States. October 26,
1885. In reprint form, 19 pages.

The Bell Telephone: The Deposition of Alexander Graham Bell in the
Suit Brought by the United States to Annul the Bell Patents.
Printed by the American Bell Telephone Company, Boston, 1908.

Address on Early Telephone Days (Before the Telephone Pioneers of
America, Nov. 2, 1911). Proceedings of The First Annual Conven-
tion, Boston, pp. 17-24.

25



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXIII

The Telephone. Popular Mechanics, Vol. XVIII, pp. 185-186, 1912.
Address on Early Telephone Days (Delivered at Boston, March 13, 1916,

in celebration of the 40th birthday of the telephone). Telephone
Topics, New England Tel. & Tel. Co., April 1916, pp. 332-338.

3. Medical and Surgical

Upon an Apparatus for Determining without Pain to the Patient the
Position of a Projectile of Lead or Other Metal in the Human Body.
The American Journal of Science, Vol. XXIII, pp. 46-48, 2 ills., 1882.

Upon the Electrical Experiments to Determine the Location of the Bullet
in the Body of the late President Garfield; and Upon a Successful
Form of Induction Balance for the Painless Detection of Metallic
Masses in the Human Body. Proceedings of the American Association
for the Advancement of Science, pp. 151-194, 31 ills., Appendix, pp.
195-206, August, 1882. (See also The American Journal of Science,
Vol. XXV, pp. 22-61, 1883).

Upon a Proposed Method of Producing Artificial Respiration by Means
of a Vacuum Jacket. Abstract in Proceedings of the American
Association for the Advancement of Science, p. 224, August, 1882.

Radium and Cancer (Letter to Dr. Z. T. Sowers). Science, July 31, 1903,
pp. 155-156.

4. Race Improvement

A Few Thoughts Concerning Eugenics. The National Geographic Mag-
azine, Vol. XIX, pp. 119-123, February, 1908.

How to Improve the Race. The Journal of Heredity, Vol. V, No. 1,
pp. 1-7, 2 ills., January, 1914.

The Duration of Life and Conditions Associated with Longevity. A study
of the Hyde Genealogy. The Genealogical Record Office, Washington,
D. C. 1918, 53 pages.

Who Shall Inherit Long Life? On the Existence of a Natural Process
at Work Among Human Being's Tending to Improve the Vigor and
Vitality of Succeeding Generations. The National Geographic Mag-
azine, Vol. XXXV, pp. 505-514, 13 ills., June, 1919.

5. Experiments with Sheep

On the Development by Selection of Supernumerary Mammae in Sheep.
A paper read before the National Academy of Sciences at Washington,
April 19, 1899, and published in part in Science, May 5, 1899, 6 pages.

Conditions Affecting the Fertility of Sheep and the Sex of Their Offspring.
Proceedings of the National Academy of Sciences, April 17, 1901.

Sheep Catalogue of Beinn Bhreagh, Victoria County, Nova Scotia.
Pamphlet, Washington, D. C, 1904, 22 pages.

The Multi-Nippled Sheep of Beinn Bhreagh. Proceedings of the National
Academy of Sciences, Washington, April 21, 1904; also. Science,
May 13, 1904, pp. 767-768.

26



ALEXANDER GRAHAM BELL OSBORNE

Sheep-Breeding Experiments on Beinn Bhreagh (From the Beinn Bhreagh
Recorder, Vol. X, pp. 368-386). Science, September 20, 1912, pp. 378-
384.

Sex-Determination in Sheep: Effect of Special Feeding on Ratio of Males
to Females and on Fecundity of Ewes—First Result Nullified by
Addition of Data from Following Years—Method of Handling the
Multi-Nippled Sheep at Beinn Bhreagh. Compiled from the records
of Alexander Graham Bell and published in The Journal of Heredity,
Vol. V, No. 2, pp. 47-57, 4 ills., February, 1914.

6. Aerial Locomotion

Spool Kites and Kites with Radial Wings. A communication to the
National Academy of Sciences, April, 1899. Abstract in the Monthly
Weather Review, April, 1899, pp. 154-155.

Letter of May 12, 1896, to the Editor of Science giving an account of the
successful flight of S. P. Langley's aerodrome on the Potomac River,
May 6, 1896. Science, May 22, 1896, p. 754.

The Tetrahedral Principle in Kite Structure. The National Geographic
Magazine, Vol. XIV, pp. 219-251, 15 diagrams, June, 1903.

Aerial Locomotion. The National Geographic Magazine, Vol. XVII],
PP- i-34, 33 'Us-, Jan. 1907.

Historical Addresses on Presenting the Langley Medal to Wilbur Wright
and Orville Wright. Smithsonian Publication, 2001, 1910; also
Science, March 4, 1910, pp. 334-336.

Address on Presenting the Langley Medal to Mr. Gustave Eiffel.
Smithsonian Publication, 2233, 1913.

Address on Presenting the Langley Medal to Mr. Glenn H. Curtis.
Smithsonian Publication, 2233, 1913.

Preparedness for Aerial Defense. An address delivered before the
National Convention of the Navy League of the United States,
Washington, D. C, April 10-13, 1916. Pamphlet No. 73, Navy League
of the United States, Washington, D. C.

7. Invention : Simple Experiments

Preventing Collisions with Icebergs in a Fog. Science, June 5. 1885,
pp. 460-461, 1 ill.

Discovery and Invention. The National Geographic Magazine, Vol. XX V,
pp. 649-655, June, 1914.

Prizes for the Inventor: Some of the Problems Awaiting Solution. 7 he
National Geographic Magazine, Vol. XXXI, pp. 131-146, 7 ills.,
February, 1917.

Simple Experiments. The Volta Review, Vol. 14, No. 1, pp. 59-60,
April, 1912; Vol. 14, No. 2, pp. 103-106, May, 1912; etc.

Why Does a Cream Pitcher Have a Projecting Lip? The Volta Reviczc,
Vol. 16, No. 9, pp. 661-666, 10 ills., September, 1914.

27




