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SAMUEL PIERPONT LANGLEY.

MEMORIAL MEETING. DECEMBER 3, 1906.

At a meeting of the Board of Regents of the Smithsonian Institu-

tion, March 6, 1906, the Chancellor announced the death, on Feb-
ruary 27, 1906, of Samuel Pierpont Langley, Secretary of the

Institution from 1887 to 1906, and it was
Resolved, That the Executive Committee be requested to arrange

for a memorial meeting to be held in Washington.

A meeting was accordingly arranged for the evening of December

3. 1906, and invitations were sent to a large number of officials and

friends of the late Secretary.

The meeting was called to order by the Chancellor of the Institu-

tion, who presided.

INTRODUCTORY REMARKS.

Thk Chief Justice;: The fame of men who have achieved emi-

nence in science and in kindred activities, as well as in administra-

tion, is a common heritage, and those who are not experts in the

particular art are as much entitled to bear witness to their apprecia-

tion of that fame as the experts themselves or the rare individuals

who may be said to have taken knowledge for their province.

We proceed tonight to pay due tribute to our dear friend, Doctor

Langley, and to his distinguished scientific labors in general and

especially as Secretary of this Institution.

It gives me great pleasure to introduce to you Doctor Andrew D.

White, whose illustrious career as diplomatist, publicist, university

president, and author is too widely known to justify more than a

mere allusion.

SAMUEL PIERPONT LANGLEY.

BY ANDREW DICKSON WHITE.

The Smithsonian Institution, devoted as it is to "the increase and

diffusion of knowledge among men," has given inspiration and force
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to a great multitude of quiet workers, as well in other countries as

in our own, but it has been chiefly represented before the world

thus far by its three successive secretaries.

First, by Joseph Henry, a physicist, who, in the simple love of

truth, utterly regardless of wealth, honors, or power, devoted him-

self to the discovery of principles which, since his time, have given

a bloom and fruitage of invention enriching his country and the

world.

Next, by Spencer Fullerton iJaird, a naturalist, equally regardless

of riches or applause, who studied devotedly various forms and

phases of life on our planet, who also inspired and strengthened

thousands of lesser thinkers and workers, and who opened anew a

vast field for profitable human toil.

And latest b\' him whom we today commemorate, Samuel Pier-

pont Langley, a physicist and astronomer, who wrought mainly in

fields far more remote from immediate human interests than those

cultivated by his predecessors, yet who proved himself in spirit,

thought, labor, and achievement fully worthy to be ranked with

them.

I am asked to speak of him as a man; of his relations to his

fellow-men, and of his work as a whole. To others more compe-

tent will be left the duty of taking up special fields of his activity.

Like Henry and Baird, Langley came from what in various other

lands is known as the middle class, neither burdened by wealth nor

crushed by povert}-—the class from which come so many leaders in

every field.

He was descended from families which settled in Xew England

early in the seventeenth century, and among his ancestors appear

skilled artisans, mechanics, clergymen, and heads of schools ; among

the latter, a president of Harvard College, author of the first Amer-

ican work on astronomy. Among these forefathers of his were

abundantly represented robust force, mechanical skill, intellectual

vigor, and wide culture ; best of all, there was dominant among

them a staunch sense of duty, high moral ideals, and an all-consum-

ing pursuit of new truth—often by skillful methods and sometimes

upon original lines. They were of those who build or enrich states

by conscientious work and sane thought, and not of the proletary

immigrants who increase immediate wealth, but bring and spread

social disease.

He was born on August 22, 1834, in Roxbury, Mass. ; was in due

time sent to various private schools, and later to the Boston Latin

and High Schools, where he was given what was then known as a
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good academic education, including a large admixture of Latin
grammar, which probably did much to train his boyish judgment.

Noteworthy, in the sketch which he wrote during the last hours
of his life, is the statement that his father, a wholesale merchant in

Boston, owned a telescope and that with this the boy roamed among
the starry hosts and also watched the building of the Bunker Hill

Monument. From his childhood he devoured books of all sorts ; loved

art; traveled, in spirit, through foreign lands; reflected much and
curiously on his reading and on the world about him, but concen-

trated his studies mainly upon mathematics. .

Under the early necessity of looking to his livelihood, he did not

enter college, but studied civil engineering and architecture in ways
most accessible to him, these professions best according with his

tastes and aims.

At the age of twenty-three he went westward, and spent the next

seven years mainly in Chicago and St. Louis, devoted to his pro-

fession and successful in it, thereby gaining a modest competence,

with business training and a skill in drafting which proved of great

value in his later career, scientific and administrative.

In 1864, at the age of thirty, he definitely abandoned his profes-

sion and, having returned to New England, spent some time in

building telescopes—several refractors, and finally a reflector—wiiich

took his spare time for three years. Later, with his brother, John

Williams Langley, he gave something more than a year to European

travel, visiting, especially, scientific institutions, observatories, and

galleries of art, thus showing the trend of his tastes, which there-

after steadil}- turned toward astronomy as a profession and toward

the fine arts as a pleasure. During this journey he gained a good

knowledge of the continental languages, especially of French, in

which he finally acquired notable proficiency as a reader, writer, and

speaker.

Upon his return he seems to have assumed a position in American

science in a way at first sight mysterious. He had as yet not pub-

lished anything of note; had not made himself known in the uni-

versities; had made no popular addresses; had not pushed himself

into notice in any way; yet there was in him something which

attracted strong leaders in science, inspired respect, won confidence,

and secured him speedy advancement.

His promotion was rapid. First, to an assistant's place in the

Harvard Observatory; two years afterward, to a professorship of

mathematics and the practical direction of the observatory at An-

napolis, and less than a year later, at the age of thirty-two, to the
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professorship of astronomy and physics at the Western University

of Pennsylvania, at Pittsburg, with the directorship of the Allegheny

Observatory—a position which he held for twenty years.

Arriving at Pittsburg, he was confronted by obstacles which to

a man not trained as he had been would have probably proved in-

surmountable. He found there, for his work, an equatorial tel-

escope of good size, used by an amateur club mainly for simple star-

gazing, but not equipped for scientific work ; and beside this virtually

nothing—no transit instrument, not even a clock.

There was little chance for him to be helped over these obstacles

by private munificence. Since that time there has appeared a galaxy

of millionaires who have endowed Pittsburg with great foundations

in science, literature, and art, one of whom, indeed, has created

institutions which have aroused amazement and gratitude on both

sides the Atlantic; but at the young astronomer's arrival none of

these leaders had appeared. He had at once to meet the question

how to acquire, mainly by his own skill and toil, the instruments

necessary to make the observatory useful.

His insight and foresight gave a speedy answer. He saw quickly

that a pressing need of the great lines of railway connecting with

Pittsburg, east and west, was a better standard of time. This had

been already seen at other American centers, notably at Washing-

ton, at Cambridge, at Albany, and elsewhere ; but it was only when
Langley at Pittsburg grasped the subject, both in its scientific and

business bearings, that there came a plan to meet American condi-

tions—useful, practicable, and widely extended. To him more than

to any other is primarily due the fixing of railway time standards in

the United States. The clock at his observatory finally gave, twice

a day and automatically, the exact time to every station on lines ex-

tending for eight thousand miles.

He saw not merely the need of devising a system of time stand-

ards, but the practical methods of realizing it. He also made the

busy men about him see this need and grasp his methods, and from

them, in their own interest, he obtained the equipment of his observ-

atory.

In 1869 he published his first two papers which attracted atten-

tion, the first being a brief report upon his observation of the total

eclipse at Oakland, Kentucky, and the second "A proposal for regu-

lating from the Allegheny Observatory the clocks of the Pennsyl-

vania Central and other roads connected with it." Thus came from

him, characteristically, a contribution to astronomy as a science and

the satisfaction of a public need.
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He now steadily pressed on in both these directions. As to scien-
tific astronomy, his resourceful work while in charge of the Coast
Survey party, observing the eclipse of 1869 in Kentucky, led Pro-
fessor Winlock of Harvard to invite him to join the Government
expedition for observing the eclipse of 1870 in Spain, and as to
observator}- work applied to practical affairs, he published, shortly

after his return to America, an article in the American Journal of
Science, proposing a more complete transmission of time, not only

to railways, but to makers and regulators of clocks and watches in

various city centers.

About the year 1873 he concentrated the purely scientific side of

his work upon observation and study of the sun. He had for

some time previously given all attention possible to this field, and
now for seven years he was engaged in minute telescopic study

and in drawing the details of the sun's surface, and especially of

sun-spots. This demanded, first, intense and long-continued ob-

servations ; next, genius in catching the essential phenomena ; and,

finally, infinite patience in recording them. Photography had not

yet been pressed into the service of such work, and his skill and

accuracy proved of special value. Astrophysicists still declare that

his drawings made at the Allegheny Observatory prior to 1875 are

even now to be regarded as among the most trustworthy evidence

regarding the sun's surface, and to this hour the standard illustra-

tion of a sun-spot which appears in most of the astronomical text-

books is the one drawn by Langley with his own hand in 1873.

Since that time vast progress has been made in this work ; but we
have the authority of Professor Hale, who has since advanced astro-

physics by the aid of the forty-inch reflector of the Yerkes Observa-

tory and of the Carnegie telescope on Mount Wilson, California,

that, in his own observations of sun-spots, the better they have been

seen, the more nearly have they appeared as in Langley's drawings.

In 1875 Langley's researches went deeper, and he began to con-

centrate his thought and work upon the measurement of the heat

spectra of the sun and other sources of radiation; but here, too, he

had to break a way through obstacles. No heat-measuring appa-

ratus known up to that time could enable him to discriminate accu-

rately between the temperatures of various narrow portions of the

spectrum ; the thermopile, which was then the main reliance for the

closest observation in this field, was utterly inadequate; he must

invent new instruments; and in 1879 and 1880 he produced his in-

vention of the bolometer.

This was a vast advance upon all previous instruments for the
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purpose ; it finally enabled him to measure differences in temperature

less than one-hundred-thousandth of a degree centigrade, and

it proved to be the precursor of instruments giving even a more

astonishing degree of accuracy. It was speedily applied by astron-

omers and physicists in wide ranges of experimental work, and in

Langley's hands was used from the time of its invention down to the

last days of his life, especially in opening up a great new field of in-

vestigation in connection with the invisible long wave-length rays

proceeding from heated bodies, and has been a main means of

developing a new science of these.

The more important of his many researches published in the

period which now began were upon the Energy Spectrum of the

Sun, the Transmission of Light through the Earth's Atmosphere,

the Solar Constant, the Behavior of Prisms toward long Wave-
Lengths, the Energy Spectra of Heated Terrestrial Bodies, and the

Energy Spectrum of the ]Moon. Hitherto the moon's heat had been

recognized with difficulty, even in gross, by the thermopile ; but now,

by the bolometer, it was analyzed in minute detail, in a lunar heat

spectrum. All this suggested later a comparison of the proportion

of luminous and non-luminous heat in the spectrum of the sun and

artificial light sources and a multitude of supplementary researches.

During the summer of 1878 he took charge of a party sent out by

the United States to study from Pike's Peak the total eclipse of that

year, and was able to follow the sun's corona to a distance from the

main body hitherto unsuspected ; during the winter of the same

year he visited Europe and followed up these observations by others

upon Alount Etna.

In 1 88 1, through the generosity of citizens of Pittsburg and with

the cooperation of the United States Signal Service, he conducted

an expedition to Mount Whitney, the loftiest mountain in southern

California, and among the pregnant results of his observations was

a volume which established the present view regarding the selective

absorption of the sun's light by our atmosphere. These researches,

being presented in a brief minor paper and an extensive memoir,

attracted wide attention both at home and abroad.

In 1885 he had followed the actual solar spectrum to wave-

lengths ten times as great as those of the visible spectrum.

Subsidiary to these researches were those upon the optical charac-

teristics and possibilities of rock-salt, thus developing most usefully

]\Ielloni's experiments with this substance in his epoch-making re-

searches nearly a hundred years before.

The reputation thus gained by Langley came rapidly and increased

steadily. The thoroughness, ingenuity, and beauty of his methods
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and the clearness of his st\le in presenting them attracted attention
far and wide.

In the autumn of 1886 he was invited to the post of Assistant
Secretary of the Smithsonian Institution. In the invitation Pro-
fessor Baird, the Secretary at that time, assured him that, while
in his new post he would be expected to take charge of the
foreign and domestic exchanges, the library, and publications,
fully half of his time might be employed, to use Professor Baird's
own words, in "keeping up those original researches at Allegheny
Observatory which have already secured for you so much distinc-

tion in the scientific world." The invitation was accepted, and after

the death of Professor Baird, in August, 1887, ^^r. Langley was
elected by the Board of Regents Secretary of the Smithsonian
Institution.

From the beginning of his life in Washington he gave especial

thought to the exchange service, the library, and the publications,

and ever retained a deep interest in these. To his mind, the ex-

change system was a main means of carrying out Smithson's be-

quest "for the diffusion of knowledge among men," and the publica-

tions were no less essential in accomplishing the founder's purpose

of "increasing knowledge." Noteworthy, especially, is the fact,

also, that Doctor Langley exerted himself constantly to see that the

reports were, as far as possible, free from unnecessary technical

terms and prepared in a language which could be understood by

every man of ordinary education and intelligence.

Plis activities in behalf of the Institution were extended in many
ways, but he evidently felt that, apart from these, his main function

was to "increase knowledge" in the new department to which his

special astronomical researches had been mainly devoted. To this

end he established, under the direction of the Smithsonian Institu-

tion, an astrophysical observatory, the means for that purpose being

due, first, to the generosity of the late Jerome H. Kidder and of Mr.

Alexander Graham Bell, and later to appropriations by Congress.

The sum required was not a heavy burden on the public purse, but

after a few years, a question as to the usefulness of this observatory

having been raised in Congress, a committee was appointed to ex-

amine and report upon it. This committee communicated with the

foremost men of science in our own country and in Great Britain,

who were entitled to pass judgment on Doctor Langley 's work.

The expressions of these eminent astronomers were uniformly

favorable, and can best be summed up in a single declaration by

Sir William Thompson, now Lord Kelvin, that in the special and
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very important province of measuring" the heating power of the

sun through the enormous range of wave-lengths inchided in

Doctor Langley's observations, his work was unique, and that it

would be profoundly regretted by the scientific men of all countries

if anything were to occur to check its vigorous prosecution or to

diminish the resources of the Astrophysical Observatory of Wash-

ington for work of any kind in its province. The result was that

Congress continued the appropriation for the maintenance of the

observatory, and its wisdom in doing so no thoughtful man who
has reflected upon the history of science can doubt. For if there

is anything which history teaches, it is that every important scien-

tific truth may be translated into useful activity for mankind.

There can be no doubt in the mind of any competent thinker in

this field that from Doctor Langley's researches with the bolometer,

the photographic plate, and various instruments of accurate mechan-

ism devised or perfected by him will date discoveries of vast im-

port, not merely to scientific investigators, but to the world at large.

His first discoveries are sure to be written in the history of the nine-

teenth century as among the real glories of our country. They

combine profound original research, exquisite ingenuity, and a large,

philosophic view of the relations of his work to that which had gone

before and that which was sure to follow.

But, while carrying on these original researches in his principal

field, his fertility of thought was seen in other directions calculated

to benefit his fellow-men. He did not fear to endanger his reputa-

tion as an original investigator by spreading scientific knowledge

in various forms among the people at large, and in terms not merely

intelligible, but attractive. Courses of lectures and articles in maga-

zines addressed to men and women of various attainments testify

amply to this. Some of these rose into the higher regions, not only

of science, but of literature. Notable especially was his address in

1888, on retiring from the presidency of the American Association

for the Advancement of Science. It was entitled "The History of a

Doctrine"—this doctrine having relation to radiant energy. Both

in thought and style it is a masterpiece and it reveals the mind of a

philosopher. Many passages give contributions to philosophic

thought, but I select one, which runs as follows : "We have, per-

haps, seen that the history of progress in this department of science

is little else than a chapter in that larger history of human error

which is still to be written ;" but he adds : "Shall we say that the

knowledge of truth is not advancing? * * * j^- ^^ advancing,

and never so fast as today ; but the steps of its advance are set on
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past errors, and the new truths become such stepping-stones in

turn."

Noteworthy, also, were certain lectures, more or less popular, at

the Stevens Institute at Hoboken, at the Lowell Institute at Boston,
at the Peabody Institute at Baltimore, and before various bodies in

Pittsburg, and his publications in the Pittsburg Gazette, in the

Century Magazine, and later still in a book which has gone through
several editions under the title of "The New Astronomy." These
lectures and publications set clearly before educated people the re-

sults of his own labors and those of others in that astronomy which
deals primarily not with the existence and movements of the heavenlv

bodies, but with their constitution. The spirit in which it was writ-

ten can be gleaned from its very brief preface

:

"I have written these pages," he says, "not for the professional

reader, but with the hope of reaching a part of that educated public

on whose support he is so often dependent for the means of extend-

ing the boundaries of knowledge.

"It is not generally understood that among us not only the sup-

port of the Government, but with scarcely an exception every new
private benefaction, is devoted to 'the old astronomy,' which is rela-

tively munificently endowed already ; while that which I have here

called 'the new,' so fruitful in results of interest and importance,

struggles almost unaided.

"We are all glad to know that Urania, who was in the beginning

but a poor Chaldean shepherdess, has long since become well-to-do,

and dwells now in state. It is far less known than it should be that

she has a 3^ounger sister now among us, bearing every mark of her

celestial birth, but all unendowed and portionless. It is for the

reader's interest in the latter that this book is a plea."

The importance of this book was due, first, to its sterling scientific

qualities, but also, in a marked degree, to its style and spirit. It is

not too much to say that its literary character is unsurpassed by the

work of any other American scientist, and deserves to be ranked

with the popular scientific expositions of Darwin, Wallace, Hux-

ley, and Tyndall.

Nor were publications of this sort at all detrimental to his re-

search work. During this whole period, even from as far back as

1875, his original contributions to advanced science were recorded

in the most eminent foreign journals, and among these especially in

the transactions of the Academy of Physical Sciences of the French

Institute.

Remarkable, as a tribute to his skill both in seeking and in
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spreading knowledge, was an invitation to give a course of lectures

before the Royal Institution of Great Britain. These lectures, with

various communications to learned bodies, and especially to the

Institute of France, increased his international reputation, which

took shape in a most remarkable series of honors.

A brief summary of these shows the high place which his name

holds in the annals of science

:

From Oxford came the degree of D. C. L. ; from Cambridge, that

of D. Sc. ; from Harvard, Princeton, Michigan, and Wisconsin uni-

versities and elsewhere, that of LL. D. ; from the American Academy
of Sciences, the Henry Draper Medal ; from the Royal Society of

London, the Rumford Medal ; from the American Academy of Arts

and Sciences, their Rumford Aledal ; from the Institute of France,

the Janssen ]\Iedal, and from the Astronomical Society of France,

their special medal. He was made a foreign member of the Royal

Society of London, a corresponding member of the Institute of

France, a fellow of the Royal Astronomical Society of London, a

member of the Royal Institution of London, of the Academia dei

Lincei at Rome, of the National Academy of Sciences, and of other

bodies eminent in the scientific world.

In the midst of these honors, gained by original investigation, his

feeling in behalf of the popularization of science continued, and one

of its manifestations gives a curious revelation of his heart. Quiet,

undemonstrative, reserved as he was—even to a fault, as many
thought—and even though he had no family of his own, he had a

deep love for little children, and this love was shown in a way
most effective and original. He provided in the Museum of the

Smithsonian a room containing objects in various fields of natural

research which would please children and awaken their interest.

Even this room showed his ingenuity ; it became deeply interesting

not merely to the children, but to their parents and grandparents,

and to widen this interest he published an article—of all places in

the world—in the St. Nicholas Magazine, in which he appears as an

attorney for the children against the more staid devotees of science.

His devotion to the welfare of his countrymen at large carried

him still further. He was one of those who believe that the highest

interests of this Republic are served by making its capital city more

and more dignified, noble, beautiful, and attractive. During the

later years of his life it was his custom to make an annual visit to

Europe in order to study the latest progress made, not only in sci-

ence, but in art, and the feelings thus strengthened he brought back

to his own coimtrv. One manifestation of these was seen in his zeal
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for the National Park at Washington, and for the Zoological Garden
which forms part of it ; another in his desire for a National Museum
worthy of a great republic; and finally, most of all, toward the
close of his life, in his efforts—which were finally successful—to
make a beginning of a museum of art. It is, perhaps, due Langley's
fame, and even his good name, to say that his steady effort to over-
come the legal and legislative difficulties in the way of bringing the

Freer collection to the Smithsonian was carried on uncomplainingly
in the midst of attacks by the press upon him and upon the Regents
for "neglecting so important a matter."

In these latter activities he departed somewhat from the policy of

the great man who first marked out a course for the Smithsonian

Institution, Joseph Henry, and from the theory and practice of his

immediate predecessor, Spencer Baird. All three of these men were
right. It was most fortunate that Henry, during the first years of

the Institution, insisted on rejecting a multitude of projects, each

attractive, but which, had they been adopted at that early period,

would have initiated policies distracting and possibly mutually

destructive. But when Langley showed his willingness to bring the

Smithsonian into additional relations with the deep feeling of think-

ing Americans that our capital city should be made worthy of the

Republic, all danger of departure from the intentions of James

Smithson was past. The great line of policy which Smithson sug-

gested, which Henr}^ founded, which Baird and Langley continued,

was secure, and the breadth of Langley's mind led him to see that

the Smithsonian Institution could now be made the center for a new

"increase and diffusion of knowledge" among his own countrymen

which up to his time it had not been wise to undertake.

And here should be mentioned a characteristic which distin-

guished him in a striking way from both his predecessors. Each of

these was a strong man, even a great man, in the branch of science

which he had chosen. But neither of them had any striking en-

thusiams outside of science. With Langley it was otherwise.

Eminent at home and abroad in a new and fruitful branch of scien-

tific research, he had various other enthusiasms and a greater

breadth of view than had either of his predecessors. He loved art

with a deep and abiding love, and was competent to discuss it in its

highest manifestations. History and literature he had so thoroughly

studied in some of their most fruitful fields that he would have done

honor to any institution in the land as a professor in them. In

various periods of English history and literature he had made

studies which led competent authorities, at no less a literary center
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than Oxford, to consult him. In sundry interesting fields of Ger-

man literature he had also wrought to good purpose. Alost of all,

he had, by close study and thought, realized the deep meanings of

important phases of French history.

Here I may be pardoned for a personal reminiscence

:

At the height of Doctor Langley's activity in scientific research, I

was honored with an invitation to deliver a course of lectures in this

city, on ''The Causes of the French Revolution." Most unexpect-

edl}', I found Doctor Langley among my auditors at every lecture.

To my still greater surprise, I found in my walks and talks with him

that he was competent to discuss, as a master, the whole subject with

which I dealt. I particularly remember his minute and accurate

knowledge of the comparative value of sundry authorities, and it

is only justice to say that I had reason to be deeply indebted to him

for suggestions regarding them. It was not merely that he had read

works of importance in the history of the period concerned, from

the statesmanlike judgments of Thiers to the prose poem of Thomas

Carlyle, but that he had gone extensively into original sources, and

especially into the multitude of memoirs, which throw so remarkable

a light into the causes of the fact that the vast change which has been

taking place in France during more than a hundred years came not

by a steady, healthful evolution, but by a terrific revolution.

He had indeed personally known Carlyle and was clearly influ-

enced by the great Scottish prophet's theory regarding great men as

the centers of historical development. A long range of historical

personages in various countries had especially interested him, and

among these Leonardo da Vinci, Cromwell, Frederick the Great,

Louis XIV, Napoleon, and Lincoln ; upon these he had read exten-

sively and thought deeply.

And he went yet further afield. Curious is the fact that, visiting

Tahiti in 1901, he became especially interested in what, to most

travelers, would appear a mere piece of clumsy jugglery, but which

he recognized as a survival from the early history of our race,

namely, the power acquired by certain persons to withstand intense

heat, or to appear to withstand it. As a result, he published an ex-

ceedingly interesting contribution entitled "The Fire Walk Cere-

mony in Tahiti," thus throwing light into the history of the ordeal,

which plays so great a part in the early history of human law, both

as regards procedure and penalty.

But he soared into wider and broader realms—into studies of the

metaphysicians and of the modern psychologists—associating him-

self with societies for psychical research. He seemed to attempt all
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the difficult problems which were offered in his time to human ob-
servation or curiosity. One of his most intimate friends, Dr. Cyrus
Adler, to whom I am greatly indebted for details of Langley's life,

tells us that he loved to talk with men of positive religious views
about their own beliefs, and took a deep interest in a Jesuit, or a

Jew, or a Buddhist, or a Mohammedan, or, indeed, in any man who
thought he had secured any truth and knew the way of life in this

world or in the world to come. His paper on "The Laws of Nature"
is a very significant revelation of this characteristic—melancholy at

times, but suggestive of broader ranges of thought than those

bounded by the orbits of the greater number of skeptics.

Nor was all this at the expense of his scientific, artistic, or prac-

tical qualities.

Being with him in Paris some years since, I learned from him his

hope that a great collection, made with large resources, special abil-

ity, and long-continued care—a collection which illustrated an im-

portant field of industrial endeavor and at the same time some

interesting fields in art—was in the possession of an American then

residing in that city, wdio in various conversations had shown a

willingness to have it pass under some public custody in the United

States.

Doctor Langley's discussions of this collection, of its bearings both

on art and industry, of the appropriateness of such a destination, of

the place which it might occupy in the Smithsonian Institution, showed

a breadth of view and a fertility of resource in practical matters

which left nothing to be desired. His arguments were absolutely

convincing, and it is through no fault of his that the arrangement

which he proposed has not yet been consummated, and none the less

does his earnestness in behalf of an exhibition which would have

benefited not merely Washington, but the whole country, deserve

commemoration.

It may be thought that this popularizing of scientific results, this

zeal in fields which his predecessors had thought mainly outside of

the true scope of the Smithsonian Institution, this broad love for

literature, art, and general science, this passion for investigating

remote and even strange subjects of thought, this zeal for attaching

to the Smithsonian Institution anything of value in any field, would

weaken his power for fixing his mind upon his main subjects of in-

vestigation. Not so : not at all so. These studies outside his main

work certainly revived him and gave him new energy. Again and

again he came back to original researches and studies in his own

field of science which showed all his old fertility and ingenuity.
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Among these may especially be noted his "Report on the New Spec-

trum," his study on "The Personal Equation," his discussion on

"Good Seeing," his paper on "The Observation of Sudden Phenom-

ena," and the intensely interesting article on "The Cheapest Form of

Light," this latter study being based upon the radiations from the

glow-worm and firefly, showing that these produce light virtually

without heat, and that this being actually effected by nature may

possibly yet be effected by science.

I come finally to another field of Doctor Langley's work, one with

which his name was identified during the last fifteen years of his

life—the subject to which he applied the name aerodynamics. His

first communication to the scientific world and to the public generally

took the shape of a very brief letter to the Academy of Sciences of

the Institute of France, in July, 1890; also by a publication of an ex-

tended memoir in the Smithsonian Contributions ; and, thirdly,

through a brief popular article on the possibility of mechanical

flight, published in the Century Magazine. I have spoken regarding

the group of great leaders in industrial enterprise at Pittsburg, and

the name of one of them was now commemorated in the preface of

Langley's "Experiments in Aerodynamics," as follows

:

"If there prove to be anything of permanent value in these investi-

gations, I desire that they may be remembered in connection with the

name of the late William Thaw, whose generosity provided the

principal means for them."

This memoir was at once published in French, and Doctor Lang-

ley followed it, in 1893, by a second study, "The Internal Work of

the Wind," which also appeared in English and French, and which

was designed to prove that aerial flight had an aid in the laws of

nature, hitherto little, if at all, known, which would be of great mo-

ment in the practical solution of the problem.

But the painstaking experiments with the whirling-table and with

other forms of apparatus devised by Doctor Langley for the study of

this question did not content him, and he began the building of a

machine driven by a steam-engine which he hoped would practically

demonstrate the possibility of mechanical flight. There were in-

numerable mechanical difiiculties, both in its construction and its

launching, and after failures which would have disheartened most

men, a large measure of success came in the spring of 1896, when a

steam-driven aerodrome constructed under Doctor Langley's direc-

tion, in his own shops, engine and all, actually flew over the Potomac

River for three-quarters of a mile.

This success had world-wide recognition. It was communicated
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to learned bodies ; it was spread abroad by the newspapers, and in

an article published in McClurc's Magazine Doctor Langley himself

described this trial and told how he came to enter upon the subject.

From his own words we learn that this had been a problem with him
from his childhood ; that in his early days he used to lie on his back
in a New England pasture, watching the hawks soaring far above

him, sailing for a long time without any motion of their wings, and
suggesting questions which were renewed during his mature life, and
which finally set him at seriously inquiring whether the problem of

artificial flight was as hopeless and absurd as it was thought to be:

"If Nature has solved it, why not man?" This article, published in

1897, closed with the following paragraphs

:

"I have thus far had only a purely scientific interest in the results

of these labors. Perhaps if it could have been foreseen at the outset

how much labor there was to be, how much of life would be given to

it, and how much care, I might have hesitated to enter upon it at

all. And now reward must be looked for, if reward there be, in the

knowledge that I have done the best I could in a difficult task, with

results which it may be hoped will be useful to others. I have

brought to a close the portion of the work which seemed to be spe-

cially mine—the demonstration of the practicability of mechanical

flight ; for the next stage, which is the commercial and practical de-

velopment of the idea, it is probable that the world may look to

others."

It must not be supposed that Langley, even during this period,

dropped his astrophysical work. He steadily thought upon the im-

provement of his instruments, and through such improvements pro-

duced invaluable results. The bolometer was brought to a greater

degree of refinement than had ever before been attained, and the

w^ork under his direction had progressed during this period to such

a point as to justify the publication of a remarkable volume of An-

nals and an expedition to observe the solar eclipse of 1900, at Wades-

boro, North Carolina, in which he was remarkably successful. A
half dozen or more papers illustrating the various advances made in

the study of the spectrum were also issued about this time.

But while this, which he considered the great work of his life,

was going on he was led, in 1898, through circumstances which are

not definitely known, but which had to do, to a certain extent, with

the Spanish-American War, to take up the building of a flying-

machine of such power as to carry a man, this work being under-

taken under the Board of Ordnance and Fortification of the United

States Armv and with an allotment made by that board for the pur-
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pose. It is clear that in this matter he was led by a sense of patriotic

duty, for, as we have seen, he had virtually announced his intention,

in his work on Aerodynamics, not to carry his own work in flying-

machines further, but to leave it to others.

He may also have been influenced by the fact that since the suc-

cessful flight of the first aerodrome, in 1896, a further possibility of

increased power wuth comparative lightness had come with the em-

ployment of the gas engine. A brief popular account of the subse-

quent experiments with the Langle\" aerodrome under these new con-

ditions appeared in 1905, but no extended memoir on the subject has

yet been published. In this popular account Doctor Langley de-

scribes the difficulties and discouragements met with in building the

new machine, and finally in the trials of it. The launching of the

test models had given a success which greatly encouraged him, but

the launching of the large machine, first on the 7th of October, 1903,

and again on the 8th of December of the same year, was not, appar-

ently, successful.

Although the decision of the general public was unfavorable.

Doctor Langley

" bated not one jot of heart or hope."'

He insisted that, despite the failure in launching, there had been

no error detected in the principles he had relied upon or in the main

means of making them eft"ective, and that the practical problem was

in a fair way to solution.

But there can be no doubt that, in spite of this continued faith in

the agencies and means employed, this failure in the machinery was
a serious blow to him—not so much because of the failure itself, for

he knew well that in the history of science great successes have come

most frequently after repeated failures. Had the experiments failed

in his laboratory or workshop, it would not have affected him ; but

it was impossible to make them save in the open air, before

the whole world. His arrangements with the Board of Ord-
nance and Fortification absolutely required that the details of the

construction should not be made public. The newspaper press of

the country, insisting upon information, misunderstanding his mo-
tives, and angered, possibly by the large expense connected with

maintaining special correspondents at an inconvenient place on the

Potomac River, possibly also by Langley's greater anxiety for the

outcome of his experiments than for the comfort of the corre-

spondents, finally imited in a chorus of ridicule and attack, which

in time made itself felt in the national legislature. His great repu-
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tat ion—at home and abroad—seemed butchered to make an Amer-
ican hohday. At his years, for he was then nearly seventy, aU this,

despite his optimism, deeply affected him.

And here should be considered for a moment the lack of means to

which he referred in one of his statements. It was a lack of means
from the source from which he thought he was entitled to obtain

them. An absolute lack of means there was not. Private indi-

viduals offered him the means to continue his work. Several years

before this he had been offered a considerable sun,i for this work if

he would but place it upon some commercial basis, and take out pat-

ents on such portions of the machinery as were patentable, in order

that commercial reward might come to the persons furnishing the

money ; but he steadfastly refused either to secure a patent or to

accept money from private persons as a matter of business. He de-

clared that his work was solely in the interest of the nation, and if

the nation was not prepared to support it, he was not willing to pro-

ceed with it.

Xo one can deny that the stand he thus took was honorable to

him—as honorable as was the similar stand taken by his great prede-

cessor. Doctor Henry, regarding his discoveries -and inventions in

electro-magnetism, which, had they been patented, would have

brought him wealth.

Interesting is it that a verdict was rendered upon these later ex-

periments by a body of thoughtful and practical students in aero-

dynamics, who. after a series of meetings in the city of New York,

adopted resolutions expressing their high estimation of Doctor

Langley's contributions to the science of aerial locomotion and of

his successful efforts in solving some of the most difficult problems

involved ; and it is consoling to know that this, the last official paper

laid before him. gave him comfort upon his death-bed. We may

well rejoice that in his last hours he received this testimony of

confidence from a most competent source as to his theoretical suc-

cess, and as to possibilities and even probabilities of ultimate prac-

tical success.

It remains now to make brief allusion to some of his personal

characteristics—^to his daily life as the world saw it.

It cannot be claimed that among the great body of younger men

devoted to science he ever aroused any such general affection as they

had bestowed upon his immediate predecessor. Respected Langley

^vas—universally and widely
;
popular, in the usual sense of the word,

he was not. Yet there were not a few among his compeers who not

onlv revered, but loved him. As regarded the world at large, even
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as regarded scientific workers in the mass, he was reserved, and even

shy. His mind seemed so concentrated upon the problems imme-

diately before him that there came an aloofness from much of the

work of others. But many there are who can testify to the warmth

of his sympathies and to his tenderness of heart. To those who
stood nearest to him, it was well known that from the loss of his

friends, Doctor Brown Goode and Professor W'inlock, he never en-

tirely recovered.

Though yielding often to the demands of society and always a

welcome guest, he lived in remarkable seclusion, not accessible in his

own home save to very few. With no close family ties of his own.

he was especially attracted by the friendship of children, and were

it not to reveal utterances too sacred for an occasion like this, I

might speak of most tender and pathetic evidences of this friendshi]i.

He had, as an inheritance from his Xew England ancestry, a

strong sense of duty, which was expressed at times with more direct-

ness than tact.

His mind was very frequently so absorbed in various fields of

science, literature, and art that he seemed to become forgetful or in-

dififerent regarding much valuable work which went on about him.

In his scientific aspirations there was not infrequently a tinge of

n^elancholy akin to that shown by so many eminent investigators,

including Bacon and Xewton.

His religious instincts were highly developed, but in a different

way from that seen in cither of his predecessors. Xo utterance

ever came froiu him on the subject of his religious belief so precise

as the well-known letter written by Doctor Henr}' shortly before his

death. X'cither was there the quiet acquiescence in dominant re-

ligious ideas shown by Professor Baird. Langley was from first to

last an ardent seeker for religious truth, and, as is especially shown
in some of his writings, equally hostile to dogmatism against and in

favor of received opinions.

A self-seeker he never was. His labor, his thought, his efforts

in every field, had as their one object the establishment of truth as

truth. For he had high aspirations and a deep faith—aspirations

toward the best that humanity can receive, and faith in the truth that

makes mankind free.
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THE SCIENTIFIC WORK OF SAMUEL PIERPOXT
EANGLEY.

BY PROF. E. C. PICKERING.

The Chief Justice: I am gratified, ladies and gentlemen, to

present a gentleman, with whose reputation yon are all well ac-

quainted and who was associated years ago in eclipse expeditions

with Mr. Langley—Professor Pickering, Director of the Harvard
Observatory.

Professor Pickering: Mr. Chief Justice, ladies and gentlemen:

In comparing the paper we have just heard with that I am about to

read to you, you will probably be impressed, as I have been, with

the manner in which two minds, in dealing with the same facts fr6m

wholly different standpoints, have arrived so closely at the same re-

sults. Possibly this coincidence may justify us in the belief that these

facts are really the most important in Langley's career. The fact that

they should have impressed one whose mind has been occupied by

such different lines of work from those of Langley I think also

justifies me in the very high degree of value I attach to them

in the paper which I am presenting to you. Possibly when you have

heard my paper you may suspect that in some respects Doctor White

and I have interchanged the subjects which were assigned to us.

The scientific work of Samuel Pierpont Langley extended over a

period of forty years, and occupied his entire strength and energy

during a large part of this time. It is evidently impossible to do

justice to such a subject in the time allotted to me this evening.

Fortunately, he lived to publish his most important work and thus

make it known to the world. Admirable reviews of it have also

recently appeared in the technical journals, recalling it to the pro-

fessional physicist and astronomer. It remains for me to tell you

how it appears to one who knew him well during nearly this entire

period, who prized long discussions with him regarding his work

during his earlier years, and whose affection and friendship for him

never waned and were interrupted only by his death.

His work in science naturally divides itself into two parts, one

while Director of the Allegheny Observatory, and the other while

Secretary of the Smithsonian Institution. Each of these extended

over a period of about twenty years, and was conducted in surround-

ings differing in almost every respect. His remarkable skill as a
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draftsman led him first to an architect's office. A year later he was

appointed assistant in the Astronomical Observatory of Harvard

College, and his interest was thus permanently directed to this de-

partment of science. The first problem assigned him was the study

of the great Trifid Nebula in Sagittarius, a research in which his

unusual combination of artistic skill and precise methods proved as

useful to him as in some of his later work. The first discovery he

made was two faint stars near the remarkable triple star in this

nebula. The next year found him teaching in the Naval Academy,

as Assistant Professor of I^Iathematics, and in the following year

he was appointed Director of the Allegheny Observatory. This po-

sition was regarded by his associates as an extremely desirable one.

Although under the control of the University of Western Pennsyl-

vania, no teaching was required. The liberality of the founder, the

late William Thaw% permitted the entire time of the director to be

devoted to research—a privilege then enjoyed by but few American

astronomers. His early years at Allegheny were not free from in-

cident. His predecessor became insane, and wrote a poem about

the large telescope which he appeared to worship. He objected to

the presence of other persons in the dome and emphasized his views

with a shotgun. In his poem he predicted the disappearance of the

lens, which by a singular coincidence came true, although it appears

to be certain that he had no connection with the theft. Mr. Langley

tactfully got into communication with the thief, and his account of

their interview was graphic. Walking up and down under the trees

one evening in a secluded spot, the thief remarked, "You are a gen-

tleman and I am a gentleman ; we can trust one another." The lens

was finally returned without the reward which was oft'ered for the

conviction of the thief.

There was only one disadvantage to Langley 's position, the lack

of appreciative friends interested in his work ; but it was a serious

loss to a man of his social disposition. To offset this, it gave him

abundant leisure, which he employed to good advantage, as he was

an omnivorous reader. There was a grain of truth in his witty

reply to an admiring young lady, who remarked, "Why, Mr. Lang-

ley, I do believe you have read every book that ever was written."

"Oh, no," he said, "there are six that I have not read, as yet." He
thus attained a cultivation that more than made up for his lack of a

college education and gave him a remarkably large vocabulary. It

was perhaps through these conditions that he acquired a charming

style, which rendered his "Old and New Astronomy" one of the

most enjoyable works on the subject. His first contribution to a
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scientific periodical was on "A New Form of Solar Eyepiece," and
it is characterized by a careful study of practical detail. It is evi-

dently the work of one who had laboriously constructed the instru-

ment, overcoming- its early defects by careful trial, and not that of a
student who suggests a new method by theory alone. His second
article, "On the Allegheny System of Electric Time Signals," is also

a remarkable one. All the trains of the great system of the Penn-
sylvania Railroad were run for many years on time furnished by
him. His method of furnishing and distributing time was one of

the first and one of the best that has been adopted. Its introduction

provided an important addition to the resources of the observatory.

He now entered upon serious scientific work. The dense smoke of

the adjacent city of Pittsburg rendered observation of the stars diffi-

cult, and he wisely selected the sun as a subject for study. In this

work the smoke, in some respects, proved to be an advantage, since

it cut off the heat and rendered the image of the sun steadier than

in a clearer atmosphere. From 1874 to 1890 he was a frequent con-

tributor to the scientific journals, sending to them an average of

about three articles a year. His early studies related to the structure

of the sun, and his artistic skill enabled him to produce the finest

engraving ever made of the marvelously complex structure of a sun-

spot. He took part in eclipse expeditions in 1869, 1870, 1878, and

1900. His studies of the sun at first related to its structure, but

later to its spectrum. Recognizing the limitations of the human

eye, he endeavored to find a substitute for it, and this led to his in-

vention of that wonderfully delicate instrument, the bolometer,

through which his name is best known to the scientific public. It

is easy to render the principle of this instrument clear, even to those

unfamiliar with science, but difficult even for the professional

physicist to realize the immense care and labor required to bring it

to, its final perfection. Whatever may be our belief regarding the

nature of a current of electricity, there is no better way of describing

some of its properties than to go back to the time of Franklin and

treat it like a current of water. Suppose, then, that two pipes, laid

side by side, are carrying water from one vessel to another, and that

they are connected at their centers by an intermediate, or cross, pipe.

If the two principal pipes are exactly alike, evidently there will be no

flow through the cross-pipe; but even a slight obstruction of one

will cause some of its water to pass through the cross-pipe into the

other pipe. Substituting electricity for water, we have Wheat-

stone's bridge, of which the bolometer is a modification. A delicate

galvanometer is substituted for the cross-pipe, and an excessively
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small amount of electricity flowing one way or the other is thus

detected. If one of the wires carrying the current is heated, its

resistance is increased and the equilibrium disturbed. Heating the

other wire b}- a known amount, we may be sure that the two quanti-

ties are equal when the galvanometer shows that no current is pass-

ing. This gives but little conception of the years of work Langley

spent in improving the instrument in every detail, and which finally

led to a wonderful delicacy, so that in 1901 he stated that a change

in temperature of one-hundred-millionth of a degree Fahrenheit was

perceptible. The presence of a cow in a pasture could be detected

by the heat she radiated, even at a distance of a quarter of a mile.

Langley was thus placed in possession of an instrument of un-

heard-of delicacy. At Allegheny, and later at Washington, the use

he made of it was good indeed. The heat of sun-spots, of different

portions of the sun's disk, the temperature of the moon, the absorp-

tion of the earth's atmosphere, and the effect of elevation represent

in each case months or years of careful and laborious work. Prob-

ably his most important research was the extension of the red end

of the solar spectrum. Far beyond the limits of the eye, he found

rays greatly surpassing in energy those of the visual spectrum.

With infinite care he traced the spectrum, step by step, recording

hundreds of gaps, or dark lines, until he reached a point whose

wave-length was 5.3 /a, or seven times as great as that of the dark

red rays which form the limit to the eye. But the intensity of these

rays, previously only vaguely known, is so great that ninety-nine

per -cent of the energy radiated to us by the sun, or other sources of

heat, is contained in them, scarcely one per cent consisting of rays

visible to the eye.

In the midst of these researches he was called to the position

which should be the greatest scientific prize in the country, that of

Secretary of the Smithsonian Institution. He would become the

scientific adviser of the President of the United States, would be

independent of political party, and not even controlled by a depart-

ment. A Board of Regents, including some of the highest officials

of the Government, would enable him to secure for his plans the

careful attention of the authorities. His field of work would be so

broad as to be limited only to the "increase and diffusion of knowl-

edge among men." As a patron, he would have the Government of

the United States, whose aid to certain departments of science has

been almost unlimited. Distinguished predecessors, high official

position, and the brilliant society he had always desired were united

in this position. All these dazzling attractions failed to induce him
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to abandon his active scientific work, and he accepted only with the
condition that he should also continue his work at Allegheny. This
however, proved to be impracticable; but the establishment of the
Astrophysical Observatory in Washington enabled him to devote a
part of his time to research. A new problem now confronted him—
executive work on a large scale. Here he encountered the difficulty

that comes to almost every man who undertakes the charge of a
large scientific establishment—a difficulty that will probably harass
his successor as it did him. This is the large portion of the income
absorbed by current expenses. It is like a boat forcing its way
against a rapid stream. Much energy may be expended and no
progress made. Now add a little more power, and the gain will be

very great. It is the same with any industrial or commercial estab-

lishment—after expenses are met, all additional income is clear gain.

In almost all active scientific establishments, a slight increase in in-

come will represent a large increase in results. I well remember
discussing this matter with him. I pointed out how little of the

income was used for the "increase of knowledge among men"^—

•

scientific research—and I hoped that by reducing expenses he v/ould

greatly increase the output. "My dear Pickering," he replied,

"you have no idea how, in a venerable institution like this, we are

tied down by precedents and traditions. Every attempt I make to

reduce current expenses is met by insuperable obstacles." The rem-

edy came largely by additional appropriations by the Government,

and by outside aid, like the Hodgkins fund. When we consider the

liberal conditions under which the Smithsonian Institution can

become a trustee, it is surprising that rich men have not more

freely availed themselves of this opportunity to secure a wise

administration of their gifts to science. Langley tried hard to

aid departments of human knowledge other than those in which he

had always been personally interested. It was a great disappoint-

ment to him when such unselfish aims were criticized adversely.

The National Zoological Park is an excellent illustration of his

energv in carrying through a plan having no relation to his own

scientific work. The establishment of the Astrophysical Observa-

tory, as stated above, enabled him to continue, under much more

favorable conditions, his work begun at Allegheny. His other

duties, however, compelled him to delegate it largely to others, and

he was most fortunate in establishing here a corps of assistants who

developed his methods and extended his work with remarkable suc-

cess. Not to mention those who assisted him at Allegheny and

^^'ashington, and are now living, tor have produced an astronomer
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like the late James E. Keeler, director of the Lick Observatory,

was an achievement of which any man might well be proud.

While much of the work of the Astrophysical Observatory has

consisted in repeating and extending the earlier work of Lang-

ley, many new problems have been undertaken. A matter in which

he was greatly interested during the last years of his life was the

variation, if any, in the solar constant. This means possible changes

in the heat of the sun itself, which from observation with the bolo-

meter appeared to take place rapidly and irregularly, and to be real

and not due to changes in the atmosphere of the earth. It is diffi-

cult to estimate the commercial and industrial importance of the

effect of such changes, if they exist. The pecuniary value of a study

of them, if it led to a means of determining their laws so that they

could be foreseen, would be almost incalculable.

The work of Langley may be summed up as that of an eager

searcher after truth, a careful and persevering investigator, and one

whose life was directed to the extension of human knowledge, not

only in lines of theoretical interest, but in those which, if successful,

would have the utmost practical value.

LANGLEY'S CONTRIBUTIONS TO AERIAL N.WIGA-
TION.

BY OCTAVE CHANUTE.

The Chief Justice : I will now introduce, my fellow-citizen, the

very distinguished engineer, Mr. Octave Chanute, of Chicago.

yir. Chanute : Mr, Chief Justice, ladies and gentlemen : I have

been asked to refer briefly to the late Secretary Langley 's contribu-

tions to aerodynamics.

Doctor Langley said that the subject of flight had interested him

as long as he could remember, but that it was a communication read

at the Buffalo meeting of the American Association for the Advance-

ment of Science, in 1886, which aroused his then dormant interest

in the subject. The explications of flight then given were so evi-

dently erroneous and there were so many conflicting theories on the

subject, that Langley determined to find out for himself, and in his

own way, what amount of mechanical power was requisite to sus-

tain a given weight in the air and make it advance at a given speed

;

for this seemed to him an inquiry which must necessarily precede

any attempt at mechanical flight, which was the very remote aim of

his efforts. Up to that time there had been a vast amount of specu-
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lation as to the rationale of flight, ^of the way of an eagle in the
air," but the question of power required was in hopeless confusion.

Mr. Langley was then engaged in the study of astrophysics at the
observatory in Allegheny, Pennsylvania, and there, in the beginning
of 1887, through the liberality of the late WilHam Thaw, the work
was commenced by the construction of a turn-table of exceptional
size driven by a steam-engine. This served during three years to
impel against the air planes and appliances equipped with most in-

genious measuring and recording instruments designed by Langley
and attached to the arm of this rotating balanced beam. The whole
apparatus was very scientific and accurate. The results were pub-
lished in 1 89 1 by the Smithsonian Institution, under the title of
"Experiments in Aerodynamics," and at once attracted great atten-

tion and commendation.

These epoch-making experiments probably constitute Mr. Lang-
ley's chief title to fame in aerodynamics. To avoid complexity, thev

were all made upon plane surfaces (which he stated might not be the

"best form of surfaces for support) ; but they gave to physicists and
to searchers, perhaps for the first time, firm ground on which to

stand, as to the long-disputed questions of air resistances and reac-

tions. They established (a) a more reliable coefficient for rectangu-

lar pressures than that of Smeaton. They proved (b) that upon
inclined planes the air pressures were really normal to the surface.

They disproved (c) the '"'Newtonian law," that the normal pressure

varied as the square of the angle of incidence on inclined planes.

They showed (d) that the empirical formula of Duchemin, proposed

in 1836 and ignored for fifty years, was approximately correct; that

(e) the position of the center of pressure varied with the angle of

inclination, and that on planes its movements approximately fol-

lowed the law formulated by Joessel; that (/) oblong planes, pre-

sented with their longest dimension to the line of motion, were more

efifective for support than when presented with their narrower side

;

that (g) planes might be superposed without loss of supporting

power if spaced apart certain distances which varied with the speed;

and (h) that thin planes consumed less power for support at high

speeds than at low speeds. This has been called "Langley's law."

It results from the fact that the higher the speed, the less need be

the angle of inclination to sustain a given weight and the less there-

fore the horizontal component of the air pressure. It is true only if

the plane alone be considered, without any adjuncts, but it leaves

out of the reckoning the head resistance due to the various parts of

a complete flying-machine, such as its framing, its hull, etc.
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Most important of all, this publication gave the sanction of Ijigh

scientific authority to a line of investigation theretofore despised and

left to "cranks." The brothers Wright, in a private letter, say

:

''The knowledge that the head of the most prominent scientific insti-

tution of America believed in the possibility of human flight was one

of the influences that led us to undertake the preliminary investiga-

tion that preceded our active work. He recommended to us the

books which enabled us to form sane ideas at the outset. It was a

helping hand at a critical time, and we shall always be grateful."

In a truly scientific spirit, Mr. Langley gave to others the data and

information which he had secured, and it may be well here to quote

the closing words of his memoir on "Experiments in Aerodyna-

mics" : "I wish, however, to put on record my belief that the time

has come for these questions to engage the serious attention, not

only of engineers, but of all interested in the possibly near practical

solution of a problem, one of the most important in its consequences

of any which has ever presented itself in mechanics ; for this solu-

tion, it is here shown, cannot longer be considered beyond our capac-

ity to reach." And now, fifteen years after, those words were

published, we are in possession of a solution of a problem which had

bafified the ingenuity of man since the dawn of history.

When Mr. Langley became Secretary of the Smithsonian Institu-

tion, in 18S7, he resumed and extended his experiments in aero-

dynamics, and the results led him to take up the second stage of the

investigation, by endeavoring to show hoiv the facts ascertained

might be practically applied to artificial flight for man. For this

purpose he built from 1891 to 1895 four model flying-machines

—

one driven by carbonic acid gas and three by steam-engines. W^ith

these he encountered, of course, a series of disappointments and fail-

ures, of which he has given a most interesting account in the "Aero-

nautical Annual" for 1897, and thus put others on their guard against

the same difficulties.

At last, on the 6th of >May, 1896, he had the very great satisfaction

of seeing his faith and perseverance rewarded by the celebrated

flights of his "Aerodrome No. 5" for a distance of about 3,000 feet.

An account of this flight, by Dr. Alexander Graham Bell, will also

be found in the Aeronautical Annual for 1897. This was followed

on the 28th of November, 1896, by a successful flight of "Aerodrome

No. 6," and these performances have been repeated many times

since on occasions of which no public accounts have been given.

Langley was undoubtedly the first man to produce successful flights

of convincins: lengths of models with an artificial motor, and he thus
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opened the way to others who have since achieved success with man-
carrying flying-machines.

Meanwhile, in 1893, he pubHshed his celebrated paper upon "The
Internal Work of the Wind," based on quite another series of ex-
periments. He showed in this that the irregularities of the wind
were very nutch greater than theretofore supposed ; that they could
be utilized as a source of power, and might account for the soaring
upon outstretched, unflapping wings of certain species of birds. It

is believed that further reflections and computations convinced him
that these irregularities of the wind were probably not sufficient to

account fully for soaring flight. They doubtless are utilized on
occasion, but the main source of the power to soar and to overcome
the wind more probably comes from the rising trends which exist in

the air.

It would have been far better for Mr. Langley's happiness and
reputation if he had terminated his experimenting with the demon-
stration, in 1896, that artificial flight was possible. He had made
a steam-engine fly nearly a mile, he had elucidated the general prin-

ciples, had given some data for computing the resistance and the

power required, rescued the subject from general disbelief in possi-

ble success, and placed the inchoate art upon firm ground. Here it

would have been preferable for him to stop, merely publishing such

additional data as he had gathered, so that they might be used by

others ; for few scientists possess the double faculty of investigating

the basic principles and of then applying them to produce practical

results.

In 1898, however, a board of United States Army and Navy

officers recommended that a full-sized man-carrying machine should

be developed for war purposes. The Board of Ordnance and Forti-

fication of the United States Army made an allotment of $50,000 for

that purpose, and Mr. Langley agreed to supervise the work without

any remuneration to himself. He has given an account of the build-

ing of that machine, which occupied five years, in his paper of 1905,

entitled "Experiments with the Langley Aerodrome." As might

have been expected, there were endless delays and mishaps, more

particularly in developing the motor, which, after the failure of pri-

vate parties to furnish what they had contracted to deliver, was

finally built in the Smithsonian shops under the design and direction

of Mr. C. M. Manly. As finally completed, it was a marvel, being

a gasoline motor of 52 brake horse-power, weighing with cooling

Avater, carburetter, battery, etc., somewhat less than five pounds to

the horse-power—an achievement which now, five years later, has
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scarcely been paralleled by the lightest gasoline motors of European

builders. The flying weight of the machine complete, with that of

the aeronaut, was 830 pounds, its sustaining surfaces were 1,040

square feet, and it was intended to launch it by impulse from a cata-

pult placed on the deck of a house-boat, precisely in the same man-

ner as the models which had flown so successfully in 1896 and in

subsequent years.

Attempts were made to launch this machine, with C. M. Manly on

board, on the 7th of October and on the 8th of December, 1903.

Both trials were failures in consequence of a trivial defect in the

launching gear. In the first attempt "the front guy post caught in

its support on the launching car and was not released in time to give

free flight ;" in the second trial the same accident happened to the

rear guy post, and the machine was both times more or less wrecked

in the launching. As Langley states, "The machine never had a

chance to fly at all, but the failure occurred in the launching ways."

There is no doubt in my own mind that the apparatus would have

flown if it had been well launched into the air.

We can now realize from Langley's report that entirely erroneous

impressions were given by the public press in its accounts of these

experiments. The method of construction of this proposed war

engine had been kept strictly private, and the newspaper reporters,

consumed with curiosity, were not allowed to come near enough to

see or to understand what occurred. They represented that the ma-

chine itself was an unqualified failure, which never could have flown.

Explanations subsequently given were disbelieved, very sharp and

unintelligent criticism of the expenditure which had been incurred

was made in Congress, and the general public was for a time given

the impression that the machine itself was a complete abortion and

had not a grain of utility.

Meanwhile the funds allotted by the Board of Ordnance had been

exhausted and no additional grants were made. Thus was Langley,

with success in sight, finally defeated and deprived of the honor

which he craved, of being the first to exhibit dynamic man-flight in

the air. He was decried and ridiculed, both in prose and verse, his

experiments were misrepresented, and he was called a "professor

wandering in his dreams" ; so that all his other contributions to sci-

ence were for a time obscured by a failure due to the trivial defect

in his launching gear and by the lack of far-sightedness in our public

men.

We all know how all this told upon him. There is no doubt that

the disappointment shortened his useful life and brought on the

attack of paralysis which ended his days.
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His lack of success was probably due to the fact that, Hke Maxim,
Ader, Kress, and many others, he undertook too much at once by
endeavoring to produce a full-fledged dynamic flying-machine ab
initio, before making sure of the control, the stability, and the possi-
bility of alighting safely ; but he rescued the problem from contempt,
he laid the lines which must be followed, and, having published the
results of his experiments and given other men data upon which to
conquer the air, he will ever be remembered as the precursor and the
pathfinder of successful flying-machines.
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