Mecoeor.

I

¢B 155 200

LEADING AMERICAN

N BN
VI = IN

OF | SClENCE



BERKELEY

LIBRARY

UNIVERSITY O
CALIFORNIA

EARTH
SCIENCES
LIBRARY

GIFT OF
C. L. Camp

419















LEADING AMERICAN MEN OF SCIENCE












Wiographies of Leading Americans
Edited by W. P. TRENT

LEADING AMERICAN
MEN OF SCIENCE

EDITED BY
DAVID STARR JORDAN

President of Stanford University

WITH SEVENTEEN PORTRAITS

NEW YORK
HENRY HOLT AND COMPANY
I9I0



Copyright, 1910,
BY

HENRY HOLT AND COMPANY
L ]

Published October, 1910

Giga N

< .. Crmp
1o

N xnecs Lilo~a va

T. MOREY & SON

ELECTROTYPERS & PRINTERS, GREENFIELD, MASS,



CONTENTS!

PAGE

EDITQR’S! PREFAGE % St o O A gt i o el 3
BENJAMIN THOMPSON, COUNT RUMFORD, Physxcnst [1753—
TRTAL S gL EE0A 4 9

By EDWIN E SLOSSON

ALEXANDER WILSON, Ornithologist [1766-1813] . . . . . 31

By WITMER STONE
JOHN JAMES AUDUBON, Ornithologist [1780-1851}] . . . . . 71
By WirMER STONE
BENJAMIN SILLIMAN, Chemist {1779-1864] . . . . . . . 8o
By DanieL Corr GIiLMaN

JOSEPH HENRY, Physicist [1797-1878] . . . . . . . . . 119
By Smson NEwcoMB

LOUIS AGASSIZ, Zoologist [1807-1873] . . . . . . . . . . 147

By CuarLEs FREDERICK HOLDER

JEFFRIES WYMAN, Anatomist [1814-1874] . . . . . . . . 171
By Burt G. WILDER

ASA GRAY, Botarist [1810-1888] . . . . L S (Y S ey
By Jomn M. COULTER

JAMES DWIGHT DANA, Geologist [1813-1895] . . . . . . 233

By WiirLiam NortH RICE
SPENCER FULLERTON BAIRD, Geologist [1823-1887] . . . 269
By CrarLEs FREDERICK HOLDER
OTHNIEL CHARLES MARSH, Paleontologist [1831-1899] . . . 283
By GEORGE BIRD GRINNELL :

EDWARD DRINKER COPE, Paleontologist [1840-1897] . . . 313
By Marcus BEnNjaMIN

JOSIAH WILLARD GIBBS, Physicist [1830-1903] . . . . . . 341

By Epwin E. Srosson

1 The lives are arranged, not chronologically by date of birth, but by median date.
\4

M 2734



vi CONTENTS

PAGE

SIMON NEWCOMB, Astronomer [1835-1009] . . . . . . . . 363
By Marcus BENjAMIN
GEORGE BROWN GOODE, Zoslogist [1851-1896] . . . . . . 301
By DavID STARR JORDAN
HENRY AUGUSTUS ROWLAND, Physicist [1848-1901] . . . 403
By IrA REMSEN
WILLIAM KEITH BROOKS, Zodlogist [1848-1908] . . . . . 427

By E. A. ANDREWS



PORTRAITS

FACING PAGE

BeNjaMIN THOMPSON, COUNT RUMFORD, Frontispiece . . . . . Title
ALEXANDER WILSON & S M e s WS o e e o o Sl
JOHNA AMBS A TUBTBON A e s o A et Lo st D A
BENJAKIN: STLEIMAN, | o+ 41| i ey 4 [1ta o g o e e S S st 2 e a8 )
WOSEPHIHENRY; .||, \! 1adso e S |yt A SR S SEtoe SH i SR =AW T0)
TOUISAGASSIZ 710, it o= o ailf g e et Ty a st Sl o b NE SR s il s A A
JEEFRIES| WYMAN (331 | 5/ SOSTR e e f e (Ll Ot S bt
ASA GRAY 70l S eal 10AE o Fopt 8 T it e s Lo WAL 5 S X R 2T
FAMES IDWIGHT DN AN 4], o ey 1 e phE i S i)
SPENCER FULLERTONBATRD 55 il M aafifll 8 A Sl 2 66
OTENIELICHARLES IMARSHY ibsit vt 001 SO0 Sl G0t e g e e !
EpWARD DRINKER: COPE iy 5% & " 08 LS e R e e e e
JosrABSWIELARDIGIBES: L Sl e S 0 S b e s S R s

STIIONPINEWCOMB &, | S P i a0 265 st Ll ko g el et 126
GBORCEIBROWN!GOODE LM ie I8 & s it s iy S Rt Stz oy
HENRY: AUGBSTUSIROWLAND, .+ = i s il LlIn Ueke M= Y oY

Wrram KEFTRYBROOKS T n vl Lo aiien Sulainn, Bl sl teieioh S 0w

vil



T
<rl'_2t
ot

K

YRdad
:"J;f’#




LEADING AMERICAN MEN OF SCIENCE






EDITOR’S PREFACE

AT the death of Simon Newcomb, it was stated in one of our
journals that he had left “a record wholly blameless and wholly
salutary, whose work added to the only permanent wealth of na-
tions.” In this view is found the key-note of the present volume.
In the extension and coordination of human experience, in the
widening of the boundaries of knowledge and in the attainment of
greater exactness in the details, is found the only permanent
wealth of nations. All this constitutes the subject-matter of science,
and in science we find the basis for the development of the finest
of fine arts, that of human conduct. As we understand better the
universe around us, our relations to others and to ourselves, the
behavior of our race becomes rationalized. It becomes possible
for us to keep ourselves clean, and to make ourselves open-minded,
friendly and God-fearing. In the achievements of science, there-
fore, we may properly find the only permanent wealth of nations.
It is the only wealth which is superior to fire and flood, the only
wealth beyond the reach of entanglements of political intrigue, or
the wanton ravages of war.

To the men who have widened the boundaries of human knowl-
edge, we owe a debt which we can repay only by a friendly remem-
brance of the work these men have done. We owe them our
gratitude for their successes, and their mistakes call on us only for
our sympathy. Nooneknows their struggles or their achievements
so well as those who have followed them over the same paths.

In this fact the present volume finds its reason for being. Mr.
Henry Holt, whom we may without offense call “our beloved
publisher,” first planned this book. It was his desire that it
should contain short and sympathetic biographies of fifteen leaders
in American science, each one written by a man in some degree

3



4 EDITOR’S PREFACE

known as a disciple. The subjects of these sketches should all be
chosen from the list of those no longer living. While no one can
say which of all these is greatest, the fifteen should be chosen from
among the great. Benjamin Franklin, whose name comes to the
front at the first, was omitted, as his biography was already pro-
vided for in another volume in the same series. Simon Newcomb
and William Keith Brooks, men with undisputed place in the
first rank, were added, as they passed from earth while the vol-
ume was nearing completion.

At the request of Mr. Holt, the present writer, as a labor of love,
undertook the compilation of these records. He is responsible
for the choice of subjects, and for the choice of authors, but the
pressure of work forced him to stop at that point, and to place
the editorial work in the more competent hands of Dr. Edwin E.
Slosson, with whom all further responsibility in this volume rests.

But before laying down his pen, a few general considerations
rise to his attention.

This volume constitutes a part of the scientific record of the
republic for a hundred years. It is the history of struggles in a
new country, without great libraries, great museums or great uni-
versities. It represents self-help and self-reliance to a greater de-
gree than would be shown in a parallel volume in any other land.
It shows the rise of observation and of knowledge derived from
travel, before that arising from experiment, or that deduced by
analytical reasoning. It shows the early charm of ““the land where
nature is rich, while tools and appliances are few, while of tradi-
tions there are none.” With this, no doubt, is associated the charm
of loveableness, characteristic of so many of these men, who
studied nature because they loved her. With all this, too, theirs
were uneventful lives, as we measure life in the stress of modern
industrial development. Leaving aside Benjamin Thompson,
whose history was wholly unique, nothing startling happened to
any one of them. None of them gained or lost great wealth.
None of them was elected to the Senate; none of them led embat-
tled hosts to victory, and none took part in any form of public
melodrama which would make his name known in the theaters
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or on the streets. Agassiz, always picturesque and always in-
tensely alive, could not be said to have had a commonplace ca-
reer, for everything in life was to him a marvel. The wonderful
was ever close to his open-eyed enthusiasm, and the fresh-laid egg
of a snapping turtle recalled the whole succession in a world of
eternal life. Another picturesque figure was Audubon, artist and
gentleman, in his velvet hunting coat sketching the birds of the
American wilderness.

But the rest lived quietly and worked quietly and saw truth.
Theirs were happy lives, for the most part very happy, and their
record is the register of ‘“the permanent wealth’’ of our nation.

Another feature we may note in these men is their willingness
for public service. The justification of science, is, after all, the
help it can give men towards better ordered lives. It was the dream
of Professor Baird that there should arise in Washington a great
body or bureau of coGperative science, that in this democracy
there should be maintained a body of wise men, keen-eyed men
who should accomplish by working together what none of them
could do separately, and the result of their combined efforts should
be always at the service of the bureaus of administration. Thus
from the Smithsonian Institution, Henry, Baird, Goode, Langley,
arose the National Museum, the Fish Commission; and in similar
fashion arose the Marine Hospital Service, the Bureau of Forestry,
and the other bureaus of investigation in the Department of Agri-
culture. But Baird was not alone in giving his great powers freely
to the public service. Many other have recognized the fact that
pure science and applied science are not different in nature or
function, and often science is strengthened and dignified when it
is tested by placing it in action.

In going over the lives of these men, we notice that for the most
part each one followed his natural bent in devoting himself to
science. Love of his work, the pulsation of personal enthusiasm,
is perhaps the greatest single asset a man of science can have.
Nothing but love of the work could lead a man to take up a scien-
tific career in the pioneer days of the republic, and these days have
not yet passed. Men without enthusiasm can be trained to see,
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to record and to think, but the fine glow of the missionary spirit
is not with these.

And this fine glow enabled many of these men to become great
teachers. To be a great teacher is in part a matter of tempera-
ment, though that power may lie with a silent and reserved man,
like Brooks, as well as with the eloquent and visibly sympathetic
ways of Agassiz. Some few, though teachers, lacked the teach-
ing spirit; Gibbs for example was a lonely thinker, unknown to
students and colleagues, the author of books no one in his genera-
tion was ready to read.

The crowning privilege of the great teacher lies in the heredity
of his inspiration, his power to found a school of greatness among
younger men who have caught his enthusiasm and his methods.
Such series are well recognized in American science. I once heard
Agassiz say: “I lived for four years under Dr. Déllinger’s roof,
and my scientific training goes back to him and to him alone.”
The descendants of Agassiz are well traceable in American sci-
ence. There is scarcely a worker in biology and geology of the
older generation who was not in some degree at some time a pupil
of Agassiz. It is now nearly forty years since Agassiz died, and
the youngest of those of us who knew him are now coming also
to the age of sixty, the age when a man is set in his ways and can
learn nothing new.

In his Autobiography, Darwin, who never spared himself,
deplores the fact that with increasing knowledge (and a long period
of nervous invalidism) his mind had suffered a partial atrophy,
and his interest in literature, even the best, had largely failed him.
From this unfortunate fact, frankly expressed, the lesson has been
drawn wearisomely that one should shun too much devotion to
science, under penalty of esthetic and spiritual barrenness. It
is clear from the frequent references in these biographies to artistic
taste and skill, that Darwin’s experience was individual, and doubt-
less in some degree pathological. These men for the most part
found science a source of mental freshening. They lost no human
interest which they had ever possessed. In witness of this fact,
we see another of our great men of science, Shaler, a life-long boy,
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writing off-hand Elizabethan drama, of a degree of merit not
surpassed by any who have written the like since the days of the
great dramatists themselves.

We find again in the well-ordered lives of most of these men of
real greatness, no warrant for the notion that the ‘“superman” will
rise superior to the canons of common morality and common
decency. They loved their wives, they cherished their families,
they never figured in problem plays. The one or two exceptions
which the acute historian may discover only serve to emphasize
the rule that with sound brains go sound morals.

To compare these men with a like number of like men in Eng-
land, Germany or France, would be a problem too difficult to be
treated here. We are accustomed to hearing our real greatness
underrated, while the petty incidents of new world life have been
subjects of much cheap boasting. In brief, I believe that these
names deserve to stand with the highest in their generation, and
that no nation could require a better record than theirs. Germany
has more men of scientific eminence for her population. England
has fewer. But the greatest of England are in no way less than
the greatest of Germany. Social conditions and legal require-
ments drive students of all grades and of all professions in Ger-
many to the Universities. The fees of many doctors call strong
men to the University, when such men in England or in America
would be occupied in other ways. German professors supported
by fees may teach or study as they like. Once chosen to a profes-
sorship the rest depends on their choice. American professors
paid directly for teaching, largely with public funds, and never
by the fees of their students, must perforce teach. As our universi-
ties are organized, half gymmasium, half university, the ideal of
research can be present with but few of them; actual achievement
in investigation with still fewer. Yet, taking the field at large, I
cannot sympathize with those who find little to praise in American
science. In the fields cultivated in the closet and the library,
Germany is preéminent, for she has many closets and many libra-
ries. In the fields which carry men into the open—topograph-
ical geology; paleontology; geographical distribution; faunology;

Sy
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taxonomy, Germany has some of the greatest of names, but her
great names are few beside those of the United States. If our
besetting sin is lack of intensity, as befits the breadth and length
of our continent, that of Germany is myopia, as befits a man
whose universe is limited to the field of his microscope. There
are many reasons which call the German from business life to the
University, and many reasons why science is the well-paid agent
of manufacture. With us there are many reasons which call a
man away from the classroom, and the intervals between classes
still constitute our period for research.

Yet for all these deficiencies we shall find our remedies, and
these remedies in time will be potent. The roll of our scientific
men to-day shows a worthy succession to the long line from Rum-
ford to Brooks. With all defects in American education, there is
no falling off in ability nor in enthusiasm, nor in facility for con-
tact with things as they are. We may be therefore confident that
the volume of this series, which shall cover the twentieth instead
of the nineteenth century, will show great names, great achieve-
ments and great personalities, worthy to rank with the best of
these, our fathers in science, and such names, too, in ever increas-
ing numbers, even as proportioned to our wealth and our popula-
tion.

DAvipD STARR JORDAN.
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By Epwin E. Srosson

TaE life of a scholar is apt to be a quiet one, externally devoid
of dramatic incidents and sudden changes of fortune, but there is
material enough to satisfy a writer of historical romances in the
life of the poor New England boy who became, in England, cav-
alry colonel, Under Secretary of State and Sir Benjamin Thomp-
son; in Bavaria, Count Rumford of the Holy Roman Empire,
Privy Councilor, Minister of War, Chief of Police and Chamber-
lain to the Elector Palatine; in Paris, husband of a femme savante
of a French Salon; and who died alone and friendless in the city
where he had been honored by Napoleon while living, and was
eulogized by Cuvier when dead. The name of the New England
town which persecuted him as a traitor he made known and hon-
ored throughout the world; he left his fortune to the country he
fought. England owes to him the Royal Institutiop, as we owe
our similar Smithsonian Institution tmmlﬁgn. In Mu-
nich he had a. monument erected in his honor while yet alive
for his philanthropic work, and was lampooned by the press of
London for doing the same work there. As an intellectual free
lance he did service in as many different realms of science as he
did military service in different countries. He laid the first foun-

dation of the greatest generalization the human mind has yet con-

WWW and he explained
¢ construction of coffee-pots. He was in action and thought a

paradoxical philosopher.
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Benjamin Thompson was born March 25, 1753, at Woburn,
Mass., in the farmhouse of his grandfather Ebenezer Thompson.
The house is still standing, preserved as a museum by the Rum-
ford Historical Association. He was a descendant of James
Thompson who came to New England with Governor Winthrop
in 1630, and was one of the first settlers of Woburn.

‘ A few months after his birth his father died at the age of 26,

¢ “thus leaying :himm te the care of his mother and grandfather. Just
three years after the birth of Benjamin his mother married Josiah
Picrce,: Jr.,of Woburn, who received from his guardian an allow-
ance of two shillings and fivepence per week until the boy was seven
years old. To the apparent misfortune of thus being deprived at
an early age of both paternal care and patrimony he owed his
European career. As he said in later years to his friend, Professor
Pictet of Geneva:

“If the death of my father had not, contrary to the order of na-
ture, preceded that of my grandfather who gave all his property
to my uncle, his second son, I should have lived and died an Amer-
ican husbandman. It was a circumstance purely accidental,
which, while I was an infant, decided my destiny in attracting
my attention to the object of science. The father of one of my
companions, a very respectable minister, and, besides, very en-
lightened (by name Barnard), gave me his friendship, and of his
own prompting, undertook to instruct me. He taught me algebra,
geometry, astronomy and even the higher mathematics. Before
the age of fourteen, I had made sufficient progress in this class of
studies to be able, without his aid and even without his knowledge,
to calculate and trace correctly the elements of a solar eclipse.
We observed it together, and my computation was correct within
four seconds. I shall never forget the intense pleasure which this
success afforded me, nor the praises which it drew from him. I
had been destined for trade, but after a short trial, my thirst for
knowledge became inextinguishable, and I would not apply my-
self to anything but my favorite objects of study.”

This account of his early education confirms the legends of his
birthplace that the young Benjamin Thompson was somewhat
indifferent to the routine duties of the farm and the shop and in-
clined to devote a larger proportion of his time to scientific experi-
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ments and diversions in mathematics than his guardians and
employers thought proper in an apprentice. But in spite of the
variety of his pursuits, he seems to have done his work well and
to have made good use of what schooling he could get. His
teacher at Woburn was John Fowle, a graduate of Harvard Col-
lege in 1747.

In the year 1766 he was apprenticed to John Appleton of
Salem, an importer of British goods and retailer of general mer-
chandise. It was here he was brought under the influence of the
Rev. Thomas Barnard, minister of the First Church of Salem, and
a man of unusual scholarship and ability. Thompson’s accounts
and letters at this time show him to be accurate, orderly and skil-
ful in the use of the pen. He engraved a book-plate for himself
with a very elaborate heraldic device combining, in the common
symbolism of the day, an all-seeing eye, a ship, books, square and
compass, sword and a couchant lion. His friend Baldwin writes
of him: :

“He employed as much of his time, as he could by any means
steal from the duties of his station, to amuse himself with study
and little, ingenious, mechanical recreations, and would be more

frequently found with a penknife, file and gimlet under the coun-
. ter, than with his pen and account books in the counting room.”

Benjamin Thompson was no exception to the old saying that
no man ever became a great physicist who did not attempt to
invent a machine for perpetual motion in his youth, for he walked
one night from Salem to Woburn to show Baldwin a contrivance
of wheels and levers which he thought would solve the problem
of perpetual motion.

While he was at Salem the news of the repeal of the Stamp Act
was received, but young Thompson took less interest in its effect
upon the importation business in which he was engaged than he
did in the opportunity of making some chemical experiments
with materials furnished at the expense of the public. But in
grinding together the ingredients of the powder for his home-
made rockets, the mixture exploded, severely burning his face
and breast and temporarily destroying his sight. This accident
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did not discourage him, for throughout his life he retained an
interest in explosives to which, both in England and Bavaria, he
devoted much attention. His letters to his most intimate friend,
Loammi Baldwin, afterwards colonel in the Revolutionary Army
and engineer of the Middlesex Canal, indicate the extent and
diversity of his scientific curiosity.

WOBURN, Aug. 14, 1760.
‘““MR. LoaMmI BALDWIN,

“Sir: Please to give me Direction of the Rays of Light from a
Luminous Body to an Opake and the Reflection from the Opake
Body to another equally Dense and Opake; viz. the Direction of
the Rays of the Luminous Body to that of the Opake and the di-
rection of rays by reflection to the other Opake Body.

“Yours, etc.,
“BENJAMIN THOMPSON.

“N. B.—From the Sun to the Earth Reflected to the Moon at
an angle of 40 degrees.”

In 1769 Thompson was apprenticed as clerk to Hopestill Capen,
a dry goods dealer in Boston, but his employer having entered
into the boycott of British goods, he had little to do and in a few
months returned to his house in Woburn where “he was received
by his acquaintances with unwelcome pity, as an unfortunate
young man, who could not fix his mind on any regular employ-
ment, and would never be able to support himself, or afford any
consolation to his friends.”

His stay in Boston, although short, was utilized in acquiring
some of the accomplishments which afterwards proved of so much
use to him in the courts of Europe. He took lessons in French
every evening, except Sunday, practiced drawing and engraving,
played on the violin, rehearsed plays and exercised with the back
sword. At the Boston Massacre, March s, 1770, he is said to have
been in the midst of the crowd, sword in hand, eager for an attack
upon the British troops which a few years later he was to lead
against his own countrymen.

Freed from imprisonment in the shop, Thompson, now seven-
teen, spent the next two years in the study of medicine and natural
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philosophy, and in teaching school a: Wilmington and Bradford.
The program of daily duties that he drew up for himself is so
characteristic of the methodical and industrious disposition of
his whole life as to be worth quoting;

“From eleven to six, Sleep. Get up at six o’clock and wash my
hands and face. From six to eight, exercise one half and study
one half. From eight till ten, Breakfast, attend Prayers, etc.
From ten to twelve, Study all the time. From twelve to one, Dine,
etc. From one to four, study constantly. From four to five, Re-
lieve my mind by some diversion or Exercise. From five till Bed-
time, follow what my inclination leads me to; whether it be to go
abroad, or stay at home and read either Anatomy, Physic or
Chemistry, or any other book I want to Peruse.”

He later obtained by the influence of some Boston friends the
privilege of attending the lectures of Professor Winthrop on
experimental philosophy at Harvard College, and every day he
and his friend Baldwin walked eight miles from Woburn to Cam-
bridge, and on their return repeated the experiments in mechanics
and electricity with apparatus of their own construction. That
the two boys were not so completely absorbed in abstract science
as to be oblivious to the attractions of the road is proved by their
discovery on a hillside farm in Medford of an apple-tree bearing
fruit of superior quality, which was afterwards cultivated by
Colonel Baldwin, introduced by Count Rumford into Europe and
is still known as the ‘‘Baldwin apple.”

How much Count Rumford appreciated the help he got from
Harvard College is shown by his bequeathing to that institution
the reversion of his whole estate, to found a professorship ““to
teach the utility of the physical and mathematical sciences for the
improvement of the useful arts, and for the extension of the in-
dustry, prosperity, happiness and well being of Society.” Dr.
Jacob Bigelow was first elected to the Rumford Professorship in
1816. His successors have been Daniel Treadwell, Eben Hors-
ford, Walcott Gibbs, and John Trowbridge. %

The Rumford Fund for the support of this professorship now
amounts to $56,368.73.
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Thompson’s third attempt at school teaching resulted in a
decided change of fortune, for he was called to a town which was
to give him a name, a wife and a fortune, the town now known as
Concord, New Hampshire, but which had been incorporated in
1733 as Rumford, Essex County, Massachusetts. Here again we
may, with advantage, quote his own words as reported by Pictet:

“I was then launched at the right time upon a world which was
almost strange to me, and I was obliged to form the habit of
thinking and acting for myself and of depending on myself for a
livelihood. My ideas were not yet fixed; one project succeeded
another and perhaps I should have acquired a habit of indecision
and inconstancy, perhaps I should have been poor and unhappy
all my life, if a woman had not loved me—if she had not given me
a subsistence; a home and an independent fortune. I married,
or rather was married at the age of nineteen. I espoused the
widow of a Col. Rolfe, daughter of the Rev. Mr. Walker, a highly
respectable minister and one of the first settlers of Rumford.”

Sarah Walker had married at the age of thirty Colonel Benja-
min Rolfe, twice her age, one of the richest and most important
men of the country, who had died two years later, leaving her with
one son, afterwards Colonel Paul Rolfe. Since she was some
thirteen years older than Benjamin Thompson, and so far above
the penniless school teacher in social position, it is probable that,
as he intimates, she took the initiative in the affair and exercised
the privilege of a princess towards a lover of low degree. She
took him to Boston before their marriage in the chaise of the late
husband (noted in Concord history as the first carriage brought
into the place) and gave him an opportunity of indulging for the
first time his fondness for fine clothes, for his outfit included a
scarlet coat. They drove back through the villlage of Woburn,
and stopping at his mother’s door, she came out and exclaimed:
“Why, Ben, my child, how could you go and spend your whole
winter’s wages in this way?”

Their wedding tour was taken in the fall of 1772 to Portsmouth
near which was a grand military review of the Second Provincial
Regiment of New Hampshire. Thompson’s fine appearance on
horseback as one of the spectators attracted the attention of
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Governor Wentworth, His wife introduced him to the governor,
and he made such a favorable impression by his readiness in
conversation and wide information that he was soon after ap-
pointed a major in the regiment. Nothing could have been more
suited to Thompson’s ambitions, but it brought misfortune upon
him in two ways; it offended the other officers that a youth of
nineteen, without military experience, should have been thus
placed over them, and the marked favor shown him by the gover-
nor caused him to be suspected by the patriots as a tool of the
Royalists. It was in fact this spite and suspicion that drove him
from America.

Young Thompson entered into his new réle of landed proprietor
with his usual zeal and energy, introducing new seeds imported
from London, and taking an active part in the politics and develop-
ment of the colony. He broached a scheme for the survey of the
White Mountains to Governor Wentworth who not only approved
it, but offered to accompany the expedition in person. But it
was never carried out, for already more serious affairs were on
foot. Thompson’s growing popularity with the governor, and his
own undeniably aristocratic tendencies combined to render him
a suspect by the ardent patriots of the vicinity. In the summer
of 1774 he was summoned before the patriotic committee to an-
swer to the charge of ‘“being unfriendly to the cause of liberty,”
the chief complaint being that he was in correspondence with
General Gage in Boston and had returned to him four deserters.
He made a satisfactory explanation of his conduct and sentiments
and was discharged, but the suspicions were not removed from
the minds of his enemies, and since formal and semi-legal pro-
ceedings had failed, they resorted to violence. One November
night a mob surrounded the Rolfe mansion and demanded Major
Thompson, but he, receiving an intimation of the attack and know-
ing the impossibility of proving his innocence to an impassioned
mob, had borrowed a horse and $20 from his brother-in-law and
escaped to Woburn. He wrote to the Rev. Walker, his father-in-
law, that he “never did, nor, let my treatment be what it will,
ever will do any action that may have the most distant tendency to
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injure the true interests of this my native country.” Tt is quite
conceivable, however, that his definition of ‘‘true interests” may
have differed even at this time, from that of the ardent bands of
Tory-hunters then scouring the country.

On May 16, 1775, he was again arrested “upon suspicion of
being inimical to the liberties of this country” and was kept in
prison for two weeks, when he was formally acquitted by the
‘“Committee of Correspondence for the Town of Woburn” with
the verdict that they “do not find that the said Thompson in any
one instance has shown a Disposition unfriendly to American
Liberty, but that his general behavior has evinced the direct
contrary.”

He tried to get an appointment in the Continental Army and
secured an interview with Washington, but the New Hampshire
officers over whom he had been promoted exerted too powerful
an influence against him. Nevertheless, during his stay at Wo-
burn he made himself as useful as he was allowed to in the organi-
zation of the army. In company with Major Baldwin he inspected
the fortifications on Bunker Hill and he spent some time drilling
the troops and designing uniforms.

But finding it impossible to secure a position in the American
army, and equally impossible, at least for one of his adventurous
disposition, to remain neutral and idle in such stirring times, he
decided to seek in the British army the military career he coveted
and, nearly a year after he had been driven from his home in
Concord, he left Woburn for Boston. Here he was received with
a welcome from the British very strongly in contrast to the cold-
ness of his countrymen, and, in spite of his youth and inexperi-
ence, he soon rose into the confidence of the authorities. Upon
the evacuation of Boston he was sent to England to convey the
news, and so severed his connection with his native land. He
never saw his wife again; the daughter whom he left as an infant
twice visited him in Europe when a grown woman.

His early biographers put themselves to much trouble to ex-
plain and apologize for his action in thus siding with the enemies
of his country, but now, when the descendants of the Loyalists
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show no less pride in their ancestry than the Sons of the Revolu-
tion, we can see the situation in fairer perspective, and, although
we may disapprove of his decision and regret the loss to America
of another Franklin, we must realize that it was fortunate both
for Thompson and the world that his peculiar genius found in
Europe a field for its development that America could not have af-
forded.

On leaving America he wrote to his father-in-law, the Rev.
Walker of Concord: ;

“Though I foresee and realize the distress, poverty and wretch-
edness that must unavoidably attend my Pilgrimage in unknown
lands, destitute of fortune, friends, and acquaintances, yet all
these evils appear to me more tolerable than the treatment which
I met with from the hands of mine ungrateful countrymen.”

If this really represents Benjamin Thompson’s anticipations
on going to England, it cannot be said that he displayed his usual
foresight, for he rapidly rose to a position of wealth, power and
esteem there. The government was suffering severely from lack
of information on conditions in America. Sir George Germain,
the Colonial Secretary of State, in their first interview recognized
the knowledge and ability of this young man of twenty-three, and
gave him a place in the Colonial Office, admitting him as a mem-
ber of his own household.

Science was never to Thompson a mental divertisement, but
was always intimately associated with his daily duties. Since he
was now engaged in improving the military efficiency of the army,
he devoted his attention to the study of the action of gunpowder,
“to determine the most advantageous situation for the vent in
fire-arms, and to measure the velocities of bullets and the recoil
under various circumstances. I had hopes, also, of being able to
find out the velocity of the inflammation of gunpowder, and to
measure its force more accurately than had hitherto been done.”

He persistently attacked by every means in his power the prob-
lems of explosives which Nobel, Abel, Berthelot, and Kellner have
in recent years more successfully studied, chiefly along the lines
indicated by him and, in part, using his apparatus. He laid the
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foundation of the science of interior ballistics by an attempt to
measure the explosive force of the gases produced by the explo-
sion of gunpowder, inventing a machine which has ever since
been known as ‘‘the Rumford Apparatus.” This consisted of a
small steel mortar mounted vertically upon a bed of solid masonry.
The } inch bore was closed by a steel hemisphere upon which
weights were placed and these increased until they were no longer
lifted by the force of the gunpowder exploded. To avoid loss of
energy by the escape of gases through the vent, the powder was
ignited by applying a red-hot iron ball to the lower end. He
gradually increased the charge of powder, until an 8,000 pound
cannon had to be used as a weight to counterbalance the force of
the explosion, and then the barrel of the apparatus burst into
halves. His numerical results were too high, but it was almost a
century before better figures were obtained.

Rumford’s earlier experiments in England were mostly directed
to the problems of external ballistics, especially to the determina-
tion of the velocity of the projectile under different charges and
kinds of powders and methods of firing. For this purpose he first
made use of the ballistic pendulum invented by Robins. The
bullet was fired into a wooden target backed with iron and sus-
pended so as to swing back freely when struck. By measuring
the chord of the arc of its swing and knowing its weight and that
of the bullet, the velocity of the bullet could be calculated.

Rumford improved upon this by measuring the momentum of
the gun as well as the equal momentum of the bullet by suspend-
ing the gun itself as a pendulum by two cords. This not only
gave another series of figures as a check to the former, but it was
more accurate, because the movement of a large mass at low
velocity can be more easily measured than of a small mass at high
velocity.

In his later experiments in Munich he discarded the pendulum
target and measured the velocity of the ball solely by the recoil
of the gun, experimenting with brass cannon as large as twelve-
pounders, in a building which he had erected for the purpose.
He was never content with laboratory experiments, and to con-
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tinue his investigations on gunpowder, he volunteered to go on a
cruise of the British fleet under Sir Charles Hardy, in 1779. As
no enemy was encountered, he persuaded his friends among the
captains “‘to make a number of experiments, and particularly by
firing a greater number of bullets at once from their heavy guns
than had ever been done before, and observing the distances at
which they fell in the sea . . . which gave me much new light
relative to the action of fired gunpowder.”

On this cruise also he devised a simpler and more systematic
code of marine signals than that in use. Another result of this
three months’ cruise was the plan of a swift copper-sheathed frigate.

When, on account of overwork, his health failed and he went to
Bath to recuperate, he made a series of experiments on cohesion.
These experiments introduced him to Sir Joseph Banks, President
of the Royal Society, with whom he was afterwards associated in
founding the Royal Institution, and in 1779 he was elected a
Fellow of the Royal Society.

Thompson rose rapidly in the Colonial Office, where he became
Secretary for Georgia, inspector of all the clothing sent to America,
and Under Secretary of State. About the time of the fall of his
patron, Lord Germain, on account of the surrender of Cornwallis,
he returned to a military career, and was made Lieutenant-Colonel
* of the King’s American Dragoons, a regiment of cavalry which he
was to recruit on Long Island. His ship, however, was driven by
storms to Charleston, South Carolina, where he reorganized the
remains of the royal army under Colonel Leslie, and conducted
a successful cavalry raid against Marion’s Brigade.

In the spring he arrived at Long Island, and by August 1, 1782,
he got the King’s American Dragoons in shape to be inspected in
their camp about three miles east of Flushing by Prince William
Henry, Duke of Clarence, the third son of the King, and after-
wards King William the Fourth. The royal cause was, however,
hopeless, and the troops under Colonel Thompson did nothing
during the year but exasperate the patriots among whom they
were quartered. The inhabitants of Long Island preserved for
more than one generation the memory of their depredations,
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especially the destruction of a church and burying-ground in the
construction of a fort near Huntington, where the tombstones were
used for ovens and stamped the bread with their inscriptions.

Upon his return to England after the disbandment of the
British forces, Thompson was made Colonel on half-pay for life,
but there was no chance to make use of his military talents in
the British service. Accordingly he determined to seek his fortune
elsewhere and September 17, 1783, embarked at Dover for the
continent. Upon the same boat happened to be Henry Laurens,
a former President of the American Congress, recently released
from the Tower, and the historian Gibbon who in his letters com-
plains that-the three spirited horses of ‘“Mr. Secretary, Colonel,
Admiral, Philosopher Thompson,” added to the distress of the
Channel passage.

He intended to go to Vienna to volunteer in the Austrian army
against the Turks, but a curious chance diverted him to Bavaria
where he spent much of his life and rose to the highest attain-
able position. Here again, as in New Hampshire, he owed the
beginning of his good fortune to his handsome appearance on
horseback at a military parade. At Strasburg, Prince Maximilian
of Deux-Ponts, afterwards Elector and King of Bavaria, but
then major-general in the French service, while reviewing the
troops noticed among the spectators an officer in a foreign uni-
form, mounted on a fine English horse, and spoke to him. When
Thompson told him that he came from serving in the American
war, the Prince replied that some of the French officers in his
suite must have fought against him, pointing to the French of-
ficers who had been in the American Army at Yorktown. Be-
coming interested in his conversation, the Prince invited Colonel
Thompson to dine with him and to meet his late foes. At the table
maps were produced and they discussed the campaign until late,
and the talk was resumed on the following day. The Prince was
so taken with him that he gave him a cordial letter to his uncle,
the Elector Palatine, Reigning Duke of Bavaria. He spent five
days in Munich with the Elector who offered him such induce-
ments to establish himself in Bavaria that, after visiting Vienna
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and finding that there was to be no war against the Turks, he
returned to England to get the permission necessary for a British
officer to enter a foreign service. George the Third not only
granted this, but also conferred upon him the honor of knighthood
on February 23, 1784.

Karl Theodor, Elector Palatine, had, by succeeding to Bavaria,
become the greatest prince in Germany, except the Emperor
and the King of Prussia. Sir Benjamin Thompson entered his
service as general aide-de-camp and colonel of a calvary regi-
ment. He was assigned a palace in Munich with a military staff
and servants.

For eleven years he served the Elector in a great variety of
capacities, military and civil, and carried on scientific work in
lines suggested by his occupations. Honors, titles and decorations
to which he was not indifferent, he received in abundance from
rulers and academies of science. The laws of Bavaria did not
permit a foreigner to receive one of the orders of that country, but,
at the request of the Elector, the King of Poland in 1786 conferred
upon him the Order of St. Stanislaus. Two years later he was
made major-general and Privy Councilor and Minister of War
of Bavaria. In 1791 the Elector made him a Count of the Holy
Roman Empire with the Order of the White Eagle. He chose as
his new name, Rumford, from the New Hampshire town which he
had entered as a poor schoolmaster and left as a political refugee.

The city of Munich was not ungrateful for what Count Rum-
ford did there. While he was in England the people erected a
monument in his honor in the park still known as “the English
Garden,” which he had reclaimed from a waste hunting-ground
and made into a public pleasure resort. The inscription reads:

“To Him who rooted out the most scandalous of public evils,
Idleness and Mendicity; who gave to the poor help, occupation
and morals, and to the youth of the Fatherland so many schools
of culture. Go, Passer-by, try to emulate him in thought and
deed, and us in gratitude.”

A bronze statue of Count Rumford was erected in Munich by
King Maximilian II and a replica of it costing $7,500 has been
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placed in his birthplace, Woburn, Mass., bearing an inscription
by President Eliot of Harvard.

Rumford found the Bavarian army most deficient in the two
arms in which he was especially interested, cavalry and artillery,
and he set himself to remedy the former by establishing a veteri-
nary school and introducing improved breeds of horses; and to
develope the artillery service he built a foundry at Munich where
guns were constructed according to his designs, based upon care-
ful experimentation. He adopted the method of casting both brass
and iron cannon solid and boring them afterwards, and it was while
superintending this operation that he made the observations
which led to his greatest discoveries, that heat is not a material
substance but 2 mode of motion, and that there is a definite
quantitative relation between mechanical work and heat. The
“Inquiry Concerning the Source of the Heat which is Generated
by Friction” is one of the shortest of his scientific papers, but it
would be hard to match it in all scientific literature for originality
of conception, importance of matter, completeness of experimen-
tal demonstration and clearness of expression. Tyndall quotes
it in his Heat as a Mode of Motion with the remark: ‘Rumford
in this memoir annihilates the material theory of heat. Nothing
more powerful on the subject has since been written.”

The dominant theory of the time was that heat was a fluid sub-
stance, which was called caloric, held in the pores of bodies and
squeezed out like water from a sponge, when they were hammered
or rubbed. Rumford was led to question this by observing the
large amount of heat continuously generated by friction in the
boring of his cannon. If, he reasoned, heat is a substance that
has been squeezed out of the metal, then the powder produced by
the boring must have less heat in it than the original solid metal,
and therefore would require more heat to raise it to a given tem-
perature. Accordingly, he tested the specific heat of a piece of
the gun-metal and an equal weight of the borings with his calo-
rimeter, and found that equal amounts of heat raised them to the
same temperature. This experiment was not absolutely conclu-
sive, for it still could be argued that, although their thermal ca-
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pacity was the same at the same temperature, they might have
possessed different quantities of heat.

Rumford’s next step was to determine how much heat was pro-
duced by a certain amount of friction. If he had been content
with mere qualitative results, the world would have had to wait
longer for the law of the conservation of energy, but he had the
passion of the true scientist to express everything possible in defi-
nite figures, even if it was nothing more than the cost of pea-soup
or the loss of heat from a tea-kettle.

- The apparatus he used for the determination of this most
important constant of nature, the relation of heat to work, was a
brass six-pounder mounted for boring. Into the short cylinder
of metal left on the end of the cannon in the process of casting a
hole 3.7 inches in diameter was bored to a depth of 7.2 inches.
Against the bottom of the hole a blunt iron borer was held by a
pressure of 10,000 pounds and the gun was turned on its axis by
horse-power. A thermometer, wrapped in flannel, thrust into the
hole rose to 130 °F. after g6o revolutions. The weight of the dust
produced by the borer was found to be only 833 grdins Troy, yet
according to the caloric theory this small amount of metal must
have had enough heat squeezed out of it to raise the 113 pounds
of gun-metal 70 °F.!

Next he fitted a box containing 184 pounds of water around
the cylinder, and in two hours and a half the water boiled.

“It would be difficult to describe the surprise and astonishment
expressed in the countenances of the bystanders, on seeing so
large a quantity of cold water heated, and actually made to boil
without any fire. Though there was, in fact, nothing that could
justly be considered as surprising in this event, yet I acknowledge
fairly that it afforded me a degree of childish pleasure, which,
were I ambitious of the reputation of a grave philosopher, I ought
most certainly rather to hide than to discover.”

He then determined by experiment how much heat was given
off in burning wax candles, and calculated that it would require
4.8 ounces of wax to heat the water and the metal to the same
extent.
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“From the result of these computations it appears, that the
quantity of heat produced equably, or in a continual stream (if I
may use that expression) by the friction” in this experiment was
greater than that produced by the continuous burning of nine
wax candles each £ inches in diameter.

Finally Rumford takes the great step of connecting the heat
and mechanical work, by calculating the power used in turning
the borer and producing the heat by friction. The relation be-
tween these two forces of energy, or the dynamical equivalent of
heat, he determined as 847 foot-pounds, that is, the work done by
raising one pound weight 847 feet will, if converted into heat,
raise the temperature of one pound of water one degree Fahren-
heit. Considering when it was done, and the crudity of the appara-
tus, this is an astonishingly accurate result, for it is only about
109, above the figure now accepted, 779. Forty-two years elapsed
before it was more accurately determined by Joule as 772 foot-
pounds. It is now called the joule, although it might well bear
the name of the rumford instead. _

As an example of the way Count Rumford sums up his evidence
and draws from his experiments a clear and logical conclusion,
the closing paragraphs of this historic paper are here given. It
will be noted that his language is so simple and direct that the
most unscientific reader can follow his demonstration of the new
theory.

“By meditating on the results of all these experiments we are
naturally brought to that great question which has so often been
the subject of speculation among philosophers; namely,—What is
Heat? Is there any such thing as an igneous fluid? Is there
anything that can with propriety be called caloric?

““We have seen that a very considerable quantity of Heat may
be excited by the friction of two metallic surfaces, and given off in
a constant stream or flux in all directions without interruption or
intermission, and without any signs of diminution or exhaustion.

“From whence came the Heat which was continually given off
in this manner in the foregoing experiments? Was it furnished
by the small particles of metal detached from the larger solid

masses on their being rubbed together? This, as we have already
seen, could not possibly have been the case.
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“Was it furnished by the air? This could not have been the
case; for, in three of the experiments, the machinery being kept
immersed in water, the access of the air of the atmosphere was
completely prevented.

“Was it furnished by the water which surrounded the ma-
chinery? That this could not have been the case is evident: first,
because this water was continually receiving Heat from the ma-
chinery and could not at the same time be giving to and receiving
Heat from the same body; and, secondly, because there was no
chemical decomposition of any part of this water. Had any such
decomposition taken place (which, indeed, could not reasonably
have been expected), one of its component elastic fluids (most
probably inflammable air) [hydrogen] must at tbe same time have
been set at liberty, and, in making its escape into the atmosphere,
would have been detected; but, though I frequently examined the
water to see if any air-bubbles rose up through it, and had even
made preparations to examine them, if any should appear, I
could perceive none; nor was there any sign of decomposition of
any kind whatever, or other chemical process, going on in the
water.

“Is it possible that the Heat could have been supplied by means
of the iron bar to the end of which the blunt steel borer was fixed?
or by the small neck of gun-metal by which the hollow cylinder was
united to the cannon? These suppositions appear more improb-
able even than either of those before mentioned; for Heat was
continually going off, or out of the machinery by both these pas-
sages, during the whole time the experiment lasted.

‘““And, in reasoning on this subject, we must not forget to con-
sider that most remarkable circumstance, that the source of the
Heat generated by friction, in these experiments, appeared evi-
dently to be inexhaustible.

“It is hardly necessary to add, that anything which any énsu-
lated body, or system of bodies, can continue to furnish without
limitation, cannot possibly be a material substance; and it appears
to me to be extremely difficult, if not quite impossible, to form
any distinct idea of anything capable of being excited and com-
municated in the manner the Heat was excited and communi-
cated in these experiments, except it be motion.”

One more surprising instance of scientific insight this brief
paper contains. He not only connects heat, light, chemical action
and mechanical movement together as capable of being converted
into one another, but boldly extends the generalization to animal



26 LEADING AMERICAN MEN OF SCIENCE

life. Since the horse turned the cannon, the strength of a horse
can be made to produce heat without fire, light, combustion or
chemical decomposition, and this heat, he characteristically sug-
gests, “could be used to cook victual if desired.”” But this method
of producing heat would be disadvantageous, “for more Heat
might be obtained by using the fodder necessary for the support
of a horse as fuel.” The complete demonstration of this sugges-
tion that an animal can be considered simply as one form of heat
engine was only given within the last few years by Professor
Atwater, by his experiments with a calorimeter large enough for
a man to live in.

Count Rumford possessed in a high degree the combination
which, unfortunately for the world, is somewhat rare, of executive
ability and love of science. Whatever practical work he was
engaged in, he at once sought to determine its philosophic princi-
ples, and, these discovered, to apply them to the task at hand.
His mind turned with marvelous rapidity from the formulation
of a natural law to its application to daily life, and vice versa.
Almost all his published papers show this peculiarity. They
usually begin by telling of some trivial incident or accident which
directed his attention to the want of information on the subject,
then he describes his experiments, quantitative as far as possible,
and gives the theory to which they led him, closing the paper
with a long and varied list of speculative deductions and possible
applications. We may take up any of his essays on heat with the
expectation of finding in it somewhere a reference to the needs of
the poor, a proof of the beneficence of the Creator and directions
for cooking soup, and we shall not be disappointed. His scientific
papers make, therefore, very lively reading, even for unscientific
readers, on account of their wealth of topics and allusions, their
clear style and their portrayal of the personal characteristics of
an interesting man. He would be a very dull person and extremely
limited in his tastes who could turn over the pages of the four
volumes of his work, published by the American Academy of
Arts and Science, without soon finding something that would at-
tract his attention and give him helpful ideas.
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Because the occupations and experiences of Count Rumford’s
life were remarkably varied, and his mind was incessantly engaged
in philosophic thought concerning them, his name is found among
the founders of an astonishingly large number of branches of
pure applied science. No one can write the history of the develop-
ment of our knowledge of heat, light, radiation, convection, cohe-
sion, ballistics, cooking, fireplaces, buildings, clothing, traction,
bathing, hospitals, barracks, glaciers, meteorology, conservation of
energy, gravitation, theory of colors, or lamps, without mention-
ing Count Rumford.

The popularity which Count Rumford’s essays obtained was
in part due to their literary style. They are clear, logical and
direct, although in places too rhetorical for modern taste. He is
careful to give the exact figures and observations on which he
bases his conclusions, so his results can be checked and recalcu-
lated by using the more accurate figures that have been obtained
since.

A good experiment accurately described never loses its value
by lapse of time. Count Rumford’s own opinion as to the im-
portance of literary style in scientific work is given in these words:

“Too much pains cannot be taken by those who write books
to render their ideas clear, and their language concise and easy
to be understood. Hours spent by an author in saving minutes
and even seconds to his readers, is time well employed.”

Count Rumford could have found no situation better suited to
his talents and tastes than this in Bavaria. Here he could play
his favorite réle of benevolent despot to his heart’s content. The
army was corrupt and inefficient; the country was poor, wasted
by war and neglect, the cities swarmed with beggars; schools were
lacking; there were more convents than factories, and industry
was not in high repute. It is remarkable that so bigoted a ruler
as the Elector Karl Theodor should have placed such confidence
and power in the hands of an avowed Protestant and a scien-
tist, and that so conservative a community should have allowed a
foreigner to carry out radical reforms requiring the codperation
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and good-will of large numbers of people, but Rumford bad in a
marked degree the happy faculty of winning the confidence of
both superiors and subordinates. Reformers with both zeal and
tact, such as he possessed, are not common in any field of endeavor.

Rumford’s first work with the army was to rid it of ‘“graft.”
The officers sold outfits to the recruits on credit, and ran them
each year deeper in debt, for the allowance for food and clothing
was insufficient, while the resulting bickering and bargaining
between officer and soldier were destructive of discipline.

Rumford’s first criticism was that the officer had too much to
do with his men. An officer should not be at once commandant,
trustee and merchant in his company. Next, that “it is not only
unwise but also in a certain sense cruel to put honest men in a
position in which their passions can be excited by opportunity
and example.” He saw, too, that the soldiers kept in idleness in
barracks degenerated, and when they were quartered in farmers’
houses they were such a terror to the country that the people paid
them to stay away. The soldier despised the citizen, and the
citizen hated the soldier.

" To obviate this, Rumford determined to make the soldier a
citizen and to put him in a condition where he would contribute
to the wealth and welfare of the country instead of being a drain
upon it.

To do this, Count Rumford increased the pay and privileges
of the soldiers, improved the quarters, and cut out from their
drill all obsolete and. dispensable portions.: Schools were estab-
lished in all the regiments for instructing the soldiers and their
children in reading, writing and arithmetic, and all books and
materials were furnished gratis. With his characteristic economy,
he provided that the paper used in the schools should be after-
wards made into cartridges, so it cost nothing. The soldiers were
employed in such public works as draining marshes, building
dykes and making roads; the military bands, that he introduced,
playing for them while they worked. Military gardens were pro-
vided, and each soldier on enlistment was given a plot of ground,
to remain in his possession as long as he cultivated it and kept it
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free from weeds; seeds and garden utensils being furnished free.
Rumford justifies this on the ground that skill in the use of the
shovel for intrenching can be obtained by digging in the garden.
They were permitted to sell the products, and received pay for all
their work. Rumford’s military gardens anticipated our Agri-
cultural Experiment Stations, for by means of them he introduced
new varieties of crops throughout the country. When a soldier
went home on a furlough, he took with him a collection of garden
seeds and a few potatoes, and in this way Rumford did for Bavaria
what Parmentier did for France. ‘
“Tdleness and waste were the two great evils against which Count
Rumford fought all his life. A beggar and a lazy soldier were his
especial detestations. Having put the soldiers at productive work,
Rumford next attacked the problem of poverty, led not so much,
perhaps, from sentimental love of his fellow-men as by his innate
hatred of waste, whether of time or property. A very large pro-
portion of the population of Bavaria at that time was given to
begging. Even along the highways in the country almost every
person one met on foot held out his hand for alms, and in the
cities professional beggars invaded the churches and houses, and
besieged the people in the street, exposing loathsome sores, and
_ exciting sympathy by means of maimed and ill-used children.
Each beggar had his particular beat or district, and vacancies
were eagerly sought for and fought for. Out of a population of
60,000 in Munich, Rumford found 2,600 beggars and indigent
persons. This mendicancy and the lying, stealing, vice and abuse
of children resulting from it Rumford laid to the injudicious dis-
pensation of alms, due to a false ideal of charity. Instead of
punishment or moral suasion he recommended the improvement
of conditions, first, by providing food and employment for every
man, woman and child. Only when this is done can the penalties
against vagrancy be enforced.

Accordingly, he began by establishing a House of Industry in
Munich, and, then, by the aid of soldiers “rounded up”’ all the
beggars in the city, and brought them to the large and handsome
building provided for them. Here they were given such work as
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they could do, for which they received a warm dinner and pay-
ment. Everything possible was done for their comfort and con-
venience. The workrooms were well ventilated and lighted, and
pains were taken to give the edifice an air of elegance as well as of
neatness and cleanliness. In the passage leading to the paved
court was an inscription in letters of gold upon a black ground
“No alms will be received here.”” Count Rumford gives his theory
of philanthropy in the following words:

make vicious and abandoned people happy, it has generally been
supposed, first, to make them virtuous. But why not reverse this
order! Why not make them first happy, and then virtuous! If
happiness and virtue be inseparable, the end will be as certainly
obtained by the one method as by the other; and it is most un-
doubtedly much easier to contribute to the happiness and com-

fort of persons in a state of poverty and misery than by admoni-
tions and punishment to reform their morals.”

The House of Industry was chiefly devoted to the manufacture
of clothing for the army and for sale; from the cording and spin-
ning of flax, hemp, cotton and wool to the finished garment; and
work of a sort suited to his capacity was found for every one, from
the aged and infirm to the youngest.

Especial attention was given to training the children in habits
of industry. Even with them Rumford carried out his plan of
avoiding the use of force. Every child was given his dinner and
his three kreutzers a day, whether he worked or not, but the chil-
dren who refused to work were compelled to sit on a bench and
watch their companions working, until they cried for something
to do. Then they were given light spinning-wheels, and promoted
and publicly rewarded as they became more skilful. Twice a day
they attended school in the same building.

The financial success of the House of Industry was largely due
to the system of keeping accounts devised by Rumford, very
much like those now in use in modern manufactories. “Lead us
not into temptation” was a verse of Scripture the inspiration of
which he never doubted, and he was strongly of the opinion that



BENJAMIN THOMPSON, COUNT RUMFORD 31

the best way to keep men honest was to give.themrno-chance to.be
dishonest, yEvery I;)iece of yarn transferred from one room to

~another, évery loaf of stale bread collected from the bakers had
to be duly recorded on printed blanks. In his recommendations
for all charitable work he emphatically insists upon strict book-
keeping and publicity of accounts. All cases of relief were to be
listed alphabetically.

In his plans for systematic, impersonal, non-patronizing and
business-like assistance to self-support, Count Rumford antici-
pated the organized charities of a hundred years later, but in the
tact with which he secured the codperation of the whole com-
munity, including the authorities of army, church and state,
prominent citizens of the middle classes, and the poor themselves,
he has had, unfortunately, few imitators. In five years he practi-
cally abolished beggary in Bavaria, and converted many of the
former mendicants into industrious and self-respecting people.
He took less pride in his decorations and titles than in telling that
when he was dangerously sick in Munich, he was awakened by
hearing the confused noise of the prayers of a multitude of people
who were passing in the street, and was told that it was the poor
of Munich who were going to the church to put up public prayers
for him, “a private person, a stranger, a Protestant.”

Rumford was able to carry out his plan of providing free dinners
to all who needed them by turning his inventive genius to the
subject of cooking, and making the first scientific study of cheap
and nutritious diet and the economical management of heat. His
specialty was a rich soup made of peas and barley, into which he
afterwards introduced potatoes, surreptitiously, because of the
popular prejudice against them. The secret of its preparation
lay in cooking for over four hours at a low temperature, and by
his skilful contrivances in the kitchen three women did the cook-
ing for a thousand persons. A pound and a half of soup, with
seven ounces of rye bread cost only one cent. He shows what a
great loss of heat occurs in cooking by the ordinary methods, which
unfortunately are still in use. In particular he objected to rapid
beiling which, as he says, cannot raise the temperature above the
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boiling-point, but uses more than five times as much heat as is
necessary to heat the same quantity of water from the freezing-
point, and at the same time destroys the taste by carrying off the
volatile flavors. His cooking was done in closed vessels, covered
with wood or some other non-conducting material, to prevent the
radiation of heat, in fact constructed on the same principle as the
calorimeter he employed for scientific research. All these lessons
Mr. Edward Atkinson and others have been vainly trying to teach
us in recent years. The ¢fireless cooker’”” now coming into use is a
belated application of Rumford’s idea.

To obviate the great waste of heat in roasting on a spit before
an open fire, he invented the sheet iron oven known as the ‘“Rum-
ford roaster.” A dripping-pan filled with water prevented the
decomposition of the fat by the high temperature, and the flues
were arranged so that a blast of hot air could be passed over the
meat to brown it when it was cooked.

In 1795, after eleven years in Munich, Rumford returned to
England for the purpose of publishing his essays on heat and its
utilization, and on public institutions for the poor. He was then
at the height of his renown as scientist and philanthropist, and
was everywhere received with great honor. In England and Ire-
land he assisted in the establishment of soup-kitchens and work-
houses, and introduced into public institutions his system of heat-
ing and cooking by steam. Models of his fireplaces, stoves and
cooking utensils were placed on exhibition for workmen to copy,
for he always refused to take out patents on his inventions. He
writes that at this time he “had not less than five hundred smok-
ing chimneys on my hands” in public and private buildings,
many of them chronic and thought incurable. The great waste
of heat in the old-fashioned fireplace shocked his economical
nature, and he studied the scientific principles involved, in order
to check the excessive consumption of fuel, increase the radiation
in the room, and prevent loss of fuel in the smoke. He proved
the best possible proportions for the chimney recess of the open
fireplace to be that the width of the back should equal the depth
from front to back and that the width of the front should be
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three times the width of the back, a rule which is followed to this
day. By making the angle of the sides of the fireplace 45°, the
greatest possible amount of heat was reflected into the room. He
recommended the use of fire-clay instead of metal and of clay fire-
balls to insure complete combustion and increase the radiating
surface. Refuse coal-dust was made into briquettes. His chief
improvement consisted in the reduction of the size of the chimney
throat and in rounding off the edge of the chimney breast. Since
a room is warmed from the walls, and not by radiant heat passing
through the air, this work involved a study of the radiating power
of different surfaces and materials, and proceeding from the fact
smoke is pushed up, not drawn up the chimney, he was led to
make extensive investigations in the theory of ventilation.

As it was hopeless to make the open fireplace an economical
heater, he turned his attention to the construction of cooking
ranges and to the utilization of waste heat of smoke and steam.
In the Bavarian House of Industry he passed the smoke from the
cooking ranges through copper pipes in a wooden cask, and used
it for cooking his pea-soup. From his experience he calculated
that the private kitchen expends ten times as much fuel as the
public kitchen.

The progress of the century since then has been along the lines
“indicated by Rumford. The range has been instituted for the
fireplace, closed and jacketed vessels are employed for cooking,
steam-pipes are used for heating buildings, and the utilization of
waste heat has become a factor of recognized importance in fac-
tory management. The first range built in this country in con-
farmity with Rumford’s principle was constructed under the di-
rection of Professor John Kemp of Columbia College in 1798

The question of suitable covering for steam-pipes used for
heating rooms required for its solution a knowledge of radiation
from different surfaces, and in this field Rumford did some ex-
cellent original work. In these experiments he used two cylindri-
cal vessels of thin sheet brass filled with warm water and covered
with whatever coating or covering he wished to test. To deter-
mine which radiated heat the faster, he constructed a *thermo-
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scope” or differential thermometer, consisting of a closed glass
tube with the bulbs at each end turned up. In the middle was a
drop of colored alcohol which moved in one direction or the other
when the bulbs were unequally heated. When he held a cylinder
filled with warm water and blackened on the bottom over one
bulb, and a cylinder with water at the same temperature and
bright on the bottom over the other, the drop of alcohol moved
instantly away from the blackened surface, showing that it emitted
heat more rapidly at the same temperature. By moving the cyl-
inder back and forth until the drop remained at rest, their relative
distances gave data for calculating their relative radiating power.
All metals, he found, gave off heat at the same rate, and he asks:
“Does not this afford a strong presumption that heat is in all
cases excited and communicated by means of radiations, or
undulations, as I should rather choose to call them?”’

His theory of heat is so clearly expressed and anticipates in
so many respects our modern ideas, that it is worth quoting as an
example of the use of the scientific imagination.

“No reasonable objection against this hypothesis (of the in-
cessant motions of the constituent particles of all bodies) founded
on a supposition that there is not room sufficient for these motions,
can be advanced; for we have abundant reason to conclude that
if there be in fact any indivisible solid particles of matter (which,
however, is very problematical) these particles must be so ex-
tremely small, compared to the spaces they occupy, that there
must be ample room for all kinds of motion among them.

“And whatever the nature or directions of these internal mo-
tions may be, among the constituent particles of a solid body, as
long as these constituent particles, in their motions, do not break
loose from the systems to which they belong (and to which they
are attached by gravitation) and run wild in the vast void by
which each system is bounded (which, as long as the known laws
of nature exist, is no doubt impossible) the form or external ap-
pearance of a solid cannot be sensibly changed by them.

“But if the motions of the constituent particles of any solid
body be either increased or diminished, in consequence of the
actions or radiations of other distant bodies, this event could not
happen without producing some visible change in the solid body.

“If the motions of its constituent particles were diminished by
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these radiations, it seems reasonable to conclude that their elon-
gations would become less, and consequently that the volume of
the body would be contracted; but if the motions of these particles
were increased, we might conclude, a priori, that the volume of
the body would be expanded.

“We have not sufficient data to enable us to form distinct ideas
of the nature of the change which takes place when a solid body is
melted; but as fusion is occasioned by heat, that is to say, by an
augmentation (from without) of that action which occasions ex-
pansion, if expansion be occasioned by an increase of the motions
of the constituent particles of the body, it is, no doubt, a certain
additional increase of those motions which causes the form of the
body to be changed, and from a solid to become a fluid substance.

“As long as the constituent particles of a solid body which are
at the surface of that body do not, in their motions, pass by each
other, the body must necessarily retain its form or shape, however
rapid those motions or vibrations may be; but as soon as the mo-
tion of these particles is so augmented that they can no longer be
restrained or retained within these limits, the regular distribution
of the particles which they required in crystallization is gradually
destroyed, and the particles so detached from the solid mass form
new and independent systems, and become a liquid substance.

“Whatever may be the figures of the orbits which the particles
of a liquid describe, the mean distances of those particles from
each other remain nearly the same as when they constituted a
solid, as appears by the small change of specific gravity which
takes place when a solid is melted and becomes a liquid; and on
a supposition that their motions are regulated by the same laws
which regulate the solar system, it is evident that the additional
motion they must necessarily acquire, in order to their taking the
fluid form, cannot be lost, but must continue to reside in the liquid,
and must again make its appearance when the liquid changes its
form and becomes a solid.

“It is well known that a certain quantity of /eaf is required to
melt a solid, which quantity disappears or remains lafent in the
liquid produced in that process, and that the same quantity of
heat reappears when this liquid is congealed and becomes a solid
body.”

From this disquisition on molecular physics he at once draws
the practical conclusion that a saucepan ought to be smoked on
the bottom and bright on the sides in order to absorb and retain
the greatest amount of heat. Stoves ought not be polished, but
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are better rusted. Steam-pipes used for heating rooms should be
painted or covered with paper.

He then considers the question of why negroes are black and
arctic animals white, and goes so far in these speculations as to
lose sight of his own experiments which proved that color made
no practical difference in the radiation and absorption of heat.

“All T will venture to say on the subject is, that were I called
to inhabit a very hot country, nothing should prevent me from
making the experiment of blackening my skin, or at least wearing
a black shirt in the shade and especially at night, in order to find
out, if by those means, I could not continue to make myself more
comfortable.”

Nothing in fact did prevent him, not the criticisms of his friends,
the remonstrances of his wife or the jeers of the street gamins,
from wearing a complete suit of white clothes from hat to shoes,
on Paris streets as a demonstration of their superiority over black
clothing.

Rumford says he considers his researches on clothing “by far
the most fortunate and the most important I ever made,” because
they contribute to health and comfort of life. With this practical
object in view, he devoted many years to experiments on the propa-
gations of heat through solids, liquids and gases, and attained
very clear ideas of the three ways in which heat travels, by direct
radiation, by conduction from particle to particle, and by convec-
tion or currents of heated particles. These experiments were
made by thermometers with the bulb sealed into the center of a
large glass bulb. The space between the outer bulb and the ther-
mometer of two of these instruments being filled with the sub-
stances to be compared, they were taken from boiling water and
plunged into ice-cold water or wice versa, and the rate of change
of the thermometer noted. In this way he determined that moist
air is a better conductor of heat than dry. Thus he explains
“why the thermometer is not always a just measure of the ap-
parent or sensible heat of the atmosphere,” and why colds prevail
during autumnal rains and spring thaws, and why it is so danger-
ous to sleep in damp beds and live in damp houses, and he takes
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occasion, as usual, to pay a few compliments to Divine Providence
for so arranging it that cold air shall contain less moisture than
warm.

He exhausted the air from the space surrounding the ther-
mometer in one of these double-walled apparatus by fastening
the bulb on the upper end of a barometer tube, and discovered
that through such a Torricellian vacuum heat passes with greater
difficulty than through the air. It was by means of this double-
walled vacuum apparatus, silvered on the internal surfaces as
recommended by Rumford, to prevent the radiation of heat, that
Professor Dewar a hundred years later was enabled to experiment
with liquified air and hydrogen in the Royal Institution which
Rumford founded. Bottles, jacketed with a vacuum as Rumford
suggested, are now in use to provide automobilists with hot and
cold drinks.

In the same way he tested the relative conductivity for heat of
a layer of fur, wool, silk, cotton, linen and many other substances,
and found that heat does not pass from particle to particle of the
air (conduction), but by currents (convection), and that such
fibrous bodies as cloth and fur are poor conductors of heat, be-
cause the air in their interstices is prevented from circulating.
Recent researches on adsorption have proved that he was right
in the importance he attached to the ““cast” or layer of air which
is held so firmly to the surface of the fibers that it is very difficult
to remove. He applies the principle he had discovered in the
explanation of why bears and wolves have thicker fur on their
backs than on their bellies, and how the snow protects the ground.

By exposing dry cloths, fur and down on china plates in a damp
cellar and then reweighing them, he determined the quality of
moisture they absorbed from the atmosphere, and, finding that
wool absorbed most, he determined to wear flannel next to the
skin in all seasons and climates; a deduction of doubtful validity.

The important researches he conducted on convection owed
their origin to the fact that he was brought up in “the Great Pie
Belt.” Like other New England boys he was much struck with
the length of time it took for an apple-pie to get cool enough to eat,
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“and I never burnt my mouth with them, or saw others meet with
the same misfortune, without endeavoring, but in vain, to find
out some way of accounting in a satisfactory manner for this
surprising phenomenon.”

Having in later life burnt his mouth, this time on a spoonful of
thick rice soup with which he was feeding himself while watching
an experiment, he determined to settle the question. Accordingly
he made some apple-sauce, and filling with it the jacket of his
double-walled thermometer, he found that it required twice as
many seconds to cool as when the jacket was filled with water.
Next he evaporated the apple-sauce, dried the fiber and found
that apple-sauce was 98 per cent water. So small an amount of
solid matter could not interfere with the transmission of heat
through the water, except by hindering the circulation of the water.
He deduces from this that the reason why animals and plants do
not more easily freeze during the winter is because sap and animal
fluids are thick and viscid, and also are prevented from circulating
freely by the cell walls. By heating a glass cylinder (test-tube)
containing a powder suspended in water, he was able to see the
warm currents ascending on one side and the cold currents de-
scending on the other, and to demonstrate that heat is not con-
ducted in liquids equally in all directions as it is in solids, but by
rising currents due to the expansion of the liquid by heat. He
found to his surprise that he was able to boil water in the upper
part of the tube while holding the lower part in his hand, and that
a cake of ice fastened at the bottom of the tube filled with boiling
water required hours to melt, while one at the top melted in a few
minutes. From these and many similar experiments he was led
to the conclusions that air, water and all fluids are non-conductors
of heat, and that heat cannot be propagated downwards in lig-
uids as long as they continue to be condensed by cold.

He shows that life on this globe would be impossible if it were
not for the fact that water by cooling from about 40° F. to 32° F.
expands instead of contracts, for if ice were heavier than water it
would sink to the bottom, and all lakes would be frozen solid and
not melted during the summer.
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““It does not appear to me that there is anything which human
sagacity can fathom within the wide-extended bounds of the vis-
ible creation which affords a more striking or more palpable proof
of the wisdom of the Creator, and of the special care he has taken
in the general arrangement of the universe to preserve life, than
this wonderful contrivance,”

that water forms the only exception to the universal law that all
bodies are condensed by cold.

“If, among barbarous nations, tke fear of @ God and the prac-
tice of religious duties tend to soften savage dispositions and to
prepare the mind for all those sweet enjoyments which result from
peace, order, industry, and friendly intercourse, ¢ belief in the ex-
istence of a Supreme Intelligence, who rules and governs the uni-
verse with wisdom and goodness, is not less essential to the hap-
piness of those who, by cultivating their mental powers, kave
learned to know how little can be known.”

This sentence, from its style and mode of thought, its uncon-
scious arrogance and ostentatious modesty, is so characteristic of
its age that it could be dated with considerable certainty, even if
found on a loose leaf. The more thorough study of the nature of
the last hundred years has shown that the conception of the
“Great Architect of the Universe” given in the natural theology
of that day must be either abandoned as inadequate or enlarged
to a more comprehensive ideal of creative wisdom. Rumford is,
of course, wrong in thinking that water is the only exception to
the general rule that heat expands and cold contracts. Bismuth,
cast-iron, type-metal and most alloys expand on solidifying, and
this also is of benefit to mankind, for without this property it
would be impossible to make good castings.

During the year Rumford spent in England he gave $35,000 to
the Royal Society of London, and a like sum to the American
Academy of Arts and Sciences, the interest to be given every two
years as a premium to the person who made the most important
discovery or useful improvement on heat or light, “as shall tend
most to promote the good of mankind.” The Rumford Medal of
the Royal Society has been regularly awarded every two years to
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the most distinguished scientists of Europe and America, beginning
in 1802 with Rumford himself. The American Academy, on the
contrary, found the plan “absolutely impracticable” and, for
forty-three years during which very great progress was made in
the knowledge of light and heat, and especially in such practical
applications as improved stoves and lamps which Rumford espe-
cially favored, no award was made. The fund by 1829 had grown
so large that the courts were called tpon to allow the money to
be expended for the promotion of science in other ways, such as
lectures, books and apparatus. Count Rumford seems to have
changed his mind as to the value of this method of promoting the
advancement of science, for when he founded the Royal Institu-
tion a few years later he expressly prohibited all premiums and
rewards. The Rumford Fund of the American Academy now
amounts to $58,722, and gives an annual income of more than
half the original gift, which is expended for the furtherance of
researches in heat and light.

Before leaving England in 1797 Count Rumford was joined by
his daughter whom he had left an infant in America twenty-two
years before. His wife had died five years before at the age of
fifty-two. Many of the letters of his daughter are printed in
Ellis’s Life of Count Rumford, and give an interesting picture of
society at the Bavarian court as seen by the New England girl,
as well as a self-revelation of the transformation of Sally Thomp-
son into Sarah, Countess of Rumford. She expected to find her
father dark in complexion, for her childish impressions had been
formed from the only portrait her mother had of him, a silhouette
profile. Her mother had told her that he had “carroty” hair,
whereas she found it ‘““a very pretty color.” He had bright blue
eyes and a sweet smile. Dr. Young of the Royal Institution says,
“in person he was above middle size, of a dignified and pleasing
expression of countenance and a mildness in his manner and tone
of voice.” In disposition, however, he was authoritative and
dictatorial. Always a brilliant conversationalist, he was inclined
in his later years to monopolize the table talk, and he made him-
self unpopular by promptly correcting, from his wide experience
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and remarkable memory, any misstatements of detail made by a
member of the company. He spoke English, French, German,
Spanish and Italian fluently, and published scientific papers in
the three first-named languages. He was punctilious in etiquette,
nice in dress and fond of titles and decorations. Throughout his
life he was unduly popular with the ladies.

In early life he practiced music and he sketched his own inven-
tions, but had no taste for painting, sculpture or poetry. He took
pleasure in landscape gardening, but knew nothing of botany.
His favorite games were billiards and chess, but he rarely played
the latter because his feet became like ice. He was very abste-
mious in eating, partly from theory, partly on account of his poor
health. He never drank anything but water.

In spite of a tendency toward display and a liking for elegance
in housing and habit, he was very careful in his expenditures and
strict in his accounts. He allowed no object to remain out of place
after he had used it, and he was never late to an appointment.
Cuvier in his eulogy says he worshiped “order as a sort of subor-
dinate deity, regulator of this lower world.” ‘“He permitted him-
self nothing superfluous, not a step, not a word; and he intrepreted
the word ‘superfluous’ in its strictest sense.”

Count Rumford on his return to Munich with his daughter
after a year in England found himself placed in a position of great
responsibility and difficulty. By the defection of Prussia the
burden of resistance to the victorious armies of the French repub-
lic bad been thrown upon the Austrians who were unable to
make a stand against the advance of Moreau. A week after his
arrival the Elector fled from Munich and took refuge in Saxony,
leaving Count Rumford at the head of the Council of Regency.
After their defeat at Friedberg, the Austrians under Latour
retreated to Munich, closely followed by the French, and de-
manded admittance to the city. This Rumford refused to grant,
and wheu General Moreau arrived with the French army, he also
kept them out of the city by the promise of supplies and the
withdrawal of the Bavarian contingent. Since Count Rumford
was now in command of the Bavarian troops crowded into the
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city and camped in the public places, he improved the opportu-
nity to introduce regimental cooking stoves made of sheet copper
and fire-brick, similar to those now used in military campaigns.

When Moreau retreated the Elector returned, and Rumford
was rewarded for his services in this emergency by being placed
at the head of the Department of General Police, and soon after
by being appointed Minister Plenipotentiary from Bavaria to
Great Britain. He thus left Munich for London, but the British
" Government held that it was altogether impossible to receive as
the representative of a foreign Power, even of so close an ally as
Bavaria, one who was a British subject, a former member of the
State Department and still on the pay-roll of the British army.

He was unwilling to return to Bavaria where his patron, the
Elector Palatine, Karl Theodor, on account of his age (75) and
weakness of character was no longer able to protect him against
the intrigues and envy of the Bavarian officers, and where the
unsettled state of the country was not favorable to scientific
pursuits. He decided therefore to remain in England in an un-
official capacity, and purchased a villa in Brompton Row, Knights-
bridge, near London, which he fitted up in accordance with his
own ideas of ventilation and heating. Double walls and windows
prevented the escape of heat, and the space between the glass
partitions was filled with plants; the decorations were harmoni-
ously arranged according to Newton’s theory of complementary
colors; folding beds economized space, and the cooking was done
in the dining-room, without annoyance from odor or heat.

At this time Count Rumford contemplated a visit to America,
and even proposed to purchase an estate near Cambridge and settle
down in his native country. In spite of his active service in the
British army, he had retained the friendship and esteem of Colonel
Baldwin and other prominent men in the United States. He had
been elected honorary member of the American Academy of
Arts and Sciences and of the Massachusetts Historical Society,
and his Essays, published in this country, had made him well
known. He now transmitted to the President of the United
States through Rufus King, American Minister to England, his
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plans for an American Military Academy like the one he had
founded in Bavaria, and a model of a field-piece of his own inven-
tion. This resulted in an offer from the War Department, author-
ized by President John Adams, of appointment as Superintendent
of the American Military Academy about to be established, and
also as Inspector-General of the Artillery of the United States,
with suitable rank and emoluments.

But at the time this offer was received Rumford was too much
engrossed with a new project in England to accept it. For two
years, except when he was sick, he worked night and day with all
his energy to found ““a public institution for diffusing the knowl-
edge and facilitating the general introduction of useful mechanical
inventions and improvements, and for teaching, by courses of
philosophical lectures and experiments, the application of science
to the common purposes of life.”

The Royal Institution remains the chief monument to the mem-
ory of Rumford, for thanks to his excellent plan and organiza-
tion, and to the men of unusual ability who have occupied posi-
tions in it, there have emanated from it many of the most impor-
tant discoveries in science of the past century, and it has done
more for the advancement of knowledge than the old and richly
endowed universities of Oxford and Cambridge.

Count Rumford succeeded in interesting all classes, from court-
iers to mechanics, in his project. He secured a very large number
of “proprietors” at fifty guineas or more, and annual subscribers
at three guineas, including many nobles, prelates, members of
Parliament, ladies and scientific men, and in 1800 the Institution
received the royal approval.

A suitable building was constructed, containing a lecture
theater, a museum of models and inventions, a chemical laboratory,
a library and a conversation room, an experimental kitchen, a
printing plant for publishing the Journal, and workshops for
making apparatus. Board and lodging were to be provided for
some twenty young men to study mechanics, and apprentices
were to be admitted free to the gallery of the lecture room.
Rumford, always on his guard against “graft,”” made elaborate
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rules against any rewards or prizes for inventions made in the
Institution, and against any exercise of favoritism by the authori-
ties.

In some respects the Royal Institution departed from Rumford’s
intentions as soon as he relinquished his somewhat despotic con-
trol. He obviously had in mind a sort of technological school and
laboratory for inventing useful appliances, and testing them for
the benefit of the public according to the idea thus expressed in his
Prospectus: '

“It is an undoubtable truth that the successive improvements
in the condition of man, from a state of ignorance and barbarism
to that of the highest cultivation and refinement, are usually ef-
fected by the aid of machinery in procuring the necessaries, the
comforts and the elegancies of life; and that the preéminence of
any people in civilization is, and ought ever to be, estimated by
the state of industry and mechanical improvement among them.”

When Rumford left England the instruction in mechanics was
quietly dropped, because it was thought that teaching science to
the lower classes had a dangerous political tendency. The stone
staircase leading to the mechanics’ gallery was torn down, the
culinary contrivances and the models were put away, and the
workmen discharged. For a time the Royal Institution seemed
likely to degenerate into a mere fashionable lecture course for
“a number of silly women and dilettante philosophers.”

The Royal Institution owes its survival and success to the fact
that it has always contained one or two determined investigators,
and that they were given a free hand. Rumford rightly prided
himself on his choice of Humphry Davy, then twenty-three years
old, as assistant lecturer in chemistry, at a salary of $500 a year,
room, coals and candles and a folding bed from the model room
being provided for his accommodation. Five years later in the
laboratory of the Royal Institution, Davy decomposed the fixed
alkalies by the electric current, and obtained from them the new
metals, sodium and potassium. Faraday, then twenty-one, at-
tended four lectures of Sir Humphry Davy, wrote out his notes,
illustrated them by sketches of the apparatus, and sent them in to
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the lecturer, in this way securing a position in the Royal Institu-
tion, where he discovered that a current of electricity could be
generated by passing a wire in front of a magnet, which is the
essential principle of all our dynamos and motors. The Royal
Institution also gave to Dalton, Tyndall and Dewar the opportu-
nity to carry on their researches. Dr. Thomas Young, the dis-
coverer of the wave theory of light, was chosen by Rumford for
the lecturer on physics. If, then, the Royal Institution has failed
to carry out some of Rumford’s plans for applied science, the
discoveries which have been made in the field in which he was
equally interested have resulted in greater benefits to mankind
than even his imagination could conceive. Were he living now,
he would not find reason to deplore, as he often did, the conserva-
tism of manufacturers and the delay in the application of scientific
discoveries to practical purposes, although he might still argue,
as he used to do, that the promotion of invention by commerical
and selfish motives is wasteful and unsystematic.

Although Count Rumford’s genius eminently fitted him for plan-
ning and promoting the establishment of such institutions, his
temperament was not such as to enable him to work well as one
of a number of managers who all regarded themselves entitled to
as much consideration and authority as himself. His dictatorial
manner and fondness for having his own way caused some friction
in the conduct of affairs. His health was poor, and his sensitive
nature was excessively irritated by the savage attacks of the
reviewers and satirists of the time upon his scientific and philan-
thropic work. The Royal Institution was ridiculed as an attempt
to make science fashionable, and his efforts in behalf of the poor
were attacked on two different grounds, by the radicals as an
attempt to squeeze down the poor to a lower standard of life by
feeding them on such stuff as Indian corn and potatoes; and, on
the other hand, by aristocrats, because it was dangerous to society
to instil into the minds of the lower classes ideas above their sta-
tion. It was thought to be a degradation of science to apply it to
such ignoble purposes as stoves and pots. Peter Pindar, for ex-
ample, writes:
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“Knight of the dish-clout, whereso’er I walk,
I hear thee, Rumford, all the kitchen talk:
Note of melodious cadence on my ear,
Loud echoes, ‘Rumford’ here and ‘Rumford’ there.
Lo! every parlor, drawingroom, I see,
Boasts of thy stoves, and talks of naught but thee.”

After two years in his quiet villa in Brompton Row his visits
to the continent became longer and more frequent, as he looked
about for a new field of activity. Besides his offer from America,
he had an invitation from the Czar of Russia to enter his service,
and the new Elector of Bavaria, afterwards made king by Napo-
leon, showed him some favor and increased his pension. But
Paris drew him the strongest, chiefly by two attractions, Napoleon
and Madame Lavoisier. At a meeting of the French Institute in
1801 he sat near the First Consul, while Volta read his paper on
his galvanic pile, which was discussed by Napoleon with great
clearness and forcee. When Rumford was presented to him,
Napoleon said he knew him by reputation, and that the French
nation had adopted some of his inventions. Immediately after
this interview he received an invitation to dine with Napoleon, as
the only stranger present. Rumford was later elected a member of
the French Institute, on the same date as Jefferson, President of
the United States, and he contributed to it many important papers.

He had become intimately acquainted with Madame Lavoisier
while traveling in Switzerland, and, since she was handsome,
rich, clever in conversation and interested in science, he had rea-
son to suppose that she would make a desirable wife. She was
the daughter of Mr. Paulze, a contractor of the finances under the
old régime. At fourteen she had been married to the chemist
Lavoisier, then twice her age, and she assisted him in the labora-
tory, in translating and in drawing the illustrations for his great
T'raité de Chimie. When the Revolution broke out Lavoisier was
arrested at the instigation of Marat, whose essay on fire he had
contemptuously criticized. When brought before the revolutionary
tribunal in 1793 Lavoisier begged for a few more days of life, in
order to see the outcome of a chemical experiment on which he
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was engaged, but Coffinhal, vice-president of the tribunal, de-
clared that ““the Republic has no use for savants,” and so he was
guillotined.

Count Rumford was married to Madame Lavoisier in 1803,
and set up a handsome establishment in the center of Paris. But
neither party found the other agreeable to live with, as they were
both too independent and differed decidedly in their tastes.
Madame Rumford was fond of lavish entertainments and elabo-
rate dinners, while the Count ate little and drank less, and de-
tested idle conversation. Probably De Candolle’s analysis of
their temperaments will say all that it is necessary about their
marital unhappiness.

“Rumford was cold, calm, obstinate, egotistic, prodigiously oc-
cupied with the material element of life and the very smallest in-
ventions of detail. He wanted his chimneys, lamps, coffee-pots,
windows, made after a certain pattern, and he contradicted his
wife a thousand times a day about the household management.
Madame Rumford was a woman of resolute wilful character.
Her spirit was high, her soul strong and her character masculine.”

And one scene from their married life narrated in the Count’s
own words in a letter to his daughter Sarah will be sufficient to
explain why they separated:

‘A large party had been invited I neither liked nor approved of,
and invited for the sole purpose of vexing me. Our house being
in the center of the garden, walled around, with iron gates, I put
on my hat, walked down to the porter’s lodge and gave him or-
ders, on his peril, not to let anyone in. Besides, I took away the
keys. Madame came down, and when the company arrived she
talked with them,—she on one side, they on the other of the high
brick wall. After that she goes and pours boiling water on some
of my beautiful flowers!”

Four years of such life were enough; they parted and lived
happily ever after. Madame Lavoisier de Rumford kept her co-
terie of distinguished people about her until the day of her death
at the age of seventy-eight, when with her perished the last of the
eighteenth century salons. Count Rumford retired to a villa in
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Auteuil, a suburb of Paris, where he spent the remaining five
years of his life in peace and quiet, dividing his time between
his laboratory and his garden with its fifty varieties of roses, gradu-
ally becoming more isolated from society, and retaining only few
friends, among whom were Lagrange and Cuvier. His daughter
Sarah joined him for a time, but was not with him when he died.

His scientific researches in Paris were largely devoted to light,
and in this field his discoveries were of great importance and
practical value: In order to get the arithmetical results for which
he always strove, it was necessary to find a method of measuring
the relative intensity of different sources of light, and for this pur-
pose he invented what is known as the Rumford photometer. In
this the standard lamp and the one to be compared with it are so
placed that the two shadows cast by an opaque rod upon a screen
side by side are of equal intensity, then the relative brightness of
the lights are inversely as the squares of their distances from the
screen. He had an assistant move the lamps lest he should be led
into the temptation to distort his observations in accordance with
his theory. Since he found that the same weight of wax or oil
burned under different conditions gave off very different amounts
of light, he came to the conclusion that light cannot be of the
chemical products of combustions, but was a wave motion in the
ether due to the heating of solid particles in the flame. Finding
how small was the light compared, with what might be obtained
from the fuel, he experimented on wicks, air-holes, polyflame
burners, chimneys, etc., until he had constructed fourteen differ-
ent kinds of lamps. . According to the Paris wits, one of these
gave so powerful a light that a man carrying it in the street was
so blinded by it that he could not find his way home, but wandered
in the Bois de Boulogne all night.

He anticipated the impressionist artists in the discovery of
blue shadows, and, by a series of very skilful experiments, he
showed that whenever shadows were cast by two lights of differ-
ent colors, the shadows were of the complementary color, one real
and the other imaginary. Each color called up in the mind its
companion which, when combined with it, produced a pure white.
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He calls attention to the value of such studies for artists, house
furnishers and ‘‘ladies choosing ribbons,” and suggests enter-
tainments of color harmonies, like musical concerts. Rumford
also experimented on the chemical effects produced by light, such
as the deposition of a film of metallic gold and silver on a ribbon
or slip of ivory which had been dipped in a solution of their salts;
a reaction which forms the basis of modern photography.

His researches on heat and light were based upon determina-
tions of the heat of combustion of the fuel used by means of an
ingeniously devised calorimeter. In this the products of com-
bustion are drawn through a worm immersed in a known quantity
of water and the increase in the temperature of the water deter-
mined by a thermometer immersed in it. By having the water
at the beginning of the experiment about as much cooler than the
room as it was warmer at the end, one of the chief sources of error,
that of loss of heat to the air, was practically eliminated: a method
still in use. With this apparatus, which has only recently been
superseded by the bomb calorimeter using compressed oxygen,
he determined with remarkable accuracy the heat of burning alco-
hol, hydrogen, carbon and many kinds of wood, coal, oil and wax.
From a determination of the heat of combustion of wood and of
charcoal made from it, he deduced the fact that the gas lost in
making charcoal is the most valuable part of the fuel.

In looking over Count Rumford’s papers after a hundred years
of scientific work has been done in the fields where he was a
pioneer, one is forcibly struck by his selection of what were the
most important problems to be solved. This is shown, for ex-
ample, in the interest he took in the inconspicuous phenomena
of surface tension, and his study of the pellicle covering the sur-
face of water, which supports a globule of mercury as in a pocket,
and gives footing to water-spiders. He clearly shows the impor-
tance of this in movements of sap in the trees and of the fluids of
the animals; a line of investigation that just now is proving ex-
tremely fruitful in physics and physiology.

While in Paris he experimented on the proper construction of
wagon wheels, and invented a dynamometer by which the pull of
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the horse was registered by the needle of a spring-balance. Having
ascertained in this way that broad tires reduced the traction
power, he adopted them for his carriage notwithstanding the jeers
of the street crowds. :

Count Rumford died in Auteuil August 21, 1814, in his sixty-
second year. Baron Cuvier, Permanent Secretary of the French
Institute, and his intimate friend, pronounced the eulogy before
the Institute, coupling his name with that of another recently
deceased member, Parmentier, who introduced the potato into
France. Both savants, he says, were defenders of the human
race against its two greatest enemies, hunger and cold; both
these enemies are to be fought with the same weapon, the proper
use of carbon compounds. The physicist who invents an econom-
ical fireplace is as though he had added acres of wood; the botanist
who brings a new edible plant virtually increases the arable land.
In laboring for the poor, Count Rumford was rewarded by his
greatest discoveries, so Fontenelle’s remark could be applied
to him that “he had taken the same road to Heaven and to the
Academy.”
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ALEXANDER WILSON
ORNITHOLOGIST
1766-1813
By WITMER STONE

ALEXANDER WiLson has been termed ‘‘the father of American
Ornithology,” and not without reason. He was not the pioneer
writer upon American birds as Catesby, Forster and others pre-
ceded him by many years, but to him we are indebted for the first
comprehensive work on the birds of our country at large, and the
first work which merited the title that he bestowed upon it, Amer-
ican Ornithology.

Wilson’s Ornithology was not a scientific work so far as mat-
ters of anatomy and taxonomy were concerned. Indeed, knowl-
edge of these subjects was not very far advanced at that day
and our author had given them little attention. His aim was to
picture each bird as accurately as his skill permitted both with
brush and pen and to include in his text, backgrounds and side-
lights upon its life and haunts drawn from his travels and rambles
through wood and field.

Love of nature always predominates over technique and this
spirit of the Ornithology seems to have pervaded much of our
subsequent ornithological literature to a great extent. Possibly
the nature of the study is to some degree responsible, but this early
work seems to have set a style which has been followed in the vol-
umes that have succeeded it.

Wilson’s character is in no small degree reflected in his work.
He was not a scientific man in the modern sense, not a closet
naturalist, but a poet who loved nature for herself and he took up
the study of ornithology not as science but because the beauty of
the birds and the melody of their songs appealed to him.
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He lz:;? recogmzed the 1mportance of scxentlﬁc accuracy and
bibliographic research, but this came as a secondary result of the
line of work upon which he had set out, and was not a primary
interest with him. Hxs Ornithology was born in the woods not in
the museum or hbrary

Wilson was doubtless acquainted with the birds of his native
country and knew them by name just as he knew the thistle, the
heather and the bracken, for upon landing in America one of
his first comments was upon the strange birds and shrubs that
surrounded him, but there is no evidence that he had any early
inclination toward the study of birds except as they formed a part
of nature which was ever dear to him. ,

Every lover of nature seems to have within him more or less
latent talent for art, poetry and natural history, and circumstances
largely determine which of the three comes most prominently to
the surface. In Wilson, poetry first filled his mind and became
the aim of his life, but his talent in this direction was not suffi-
ciently great to earn him conspicuous notoriety and it was as a
chronicler of nature that he became famous though he did not
enter upon this role until the last decade of his life.

Alexander Wilson was born in the Seedhills of Paisley in
Renfrewshire, Scotland, July 6, 1766, the son of Alexander Wilson
and Mary McNab. The early death of his mother may have
had some effect upon his after life as it is said that she intended
that he should study for the ministry. However this may be his
father and stepmother seem to have done as much for him as
their poverty and the large size of their family permitted. He at-
tended the Paisley grammar school and learned to read and write,
but was compelled in later life to make up for many deficiencies
which had they been supplied at the proper time would have aided
him greatly in his life’s work.

While a small boy he was engaged for a short time, at least, as
a cattle herd on the farm of Bakerfield, but when only thirteen
years of age became apprenticed to his brother-in-law, William
Duncan, to learn the “art of weaving” which was the occupation
of nearly all of his friends and relatives.
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Even at this time Wilson was wriling verses and his mind was
ever turning to the outdoor life which was dear to his heart and
in comparison with which the loom was a sorry bondage. As
the only visible means of earning a living he continued weaving
until 1789 when he joined his brother-in-law in a tour of eastern
Scotland as a peddler. This undertaking was prompted by his
love of tramping and his restlessness under uncongenial confine-
ment; not by any love or ability for trading, for that he did not
possess. While gratifying his taste for outdoor life he was by no
means benefited financially by the change. However, he gave
full rein to his poetical ambition, and with his characteristic
impetuosity he soon had visions of publishing his volume of verses
and sharing in the notoriety that had just greeted the issue of
Burns’ first poems. Wilson was evidently acquainted with Burns
as some of his verses show and entertained a very high opinion of
him. To what extent Burns’ success may have influenced him
or his style is hard to say, but one of the best of Wilson’s produc-
tions published anonymously was attributed to the ‘“plowman,”
doubtless to the author’s great gratification.

Wilson reached the height of his practical ambition in 1790
when he published a volume of his poetical writings. It was,
however, an indifferent production and failed to bring him the
renown that he coveted. In 1792 he was back at the loom but
as before despondent and unhappy and in sore straits financially.
He continued to publish occasional poems in the local papers and
now and then indulged in sarcastic verses on certain civil authori-
ties and other self-important personages. This practice finally
brought him face to face with libel charges, resulting in fines and
imprisonment.

Upon his release, consumed with bitterness and more despond-
ent than ever he resolved to leave his native country and try his
fortune in America. Accordingly, accompanied by his nephew,
William Duncan, he sailed from Belfast on May 23, 1794, and
reached the mouth of Delaware bay on the 11th of July.

Impatient to be once more ashore they landed at New Castle,
Delaware, “happy as mortals could be” and went on foot to
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Wilmington and thence to Philadelphia through virgin forest
most of the way, past log cabins, and occasional farms. “On
the way,” Wilson writes to his parents, “I did not observe one
bird such as those in Scotland but all much richer in color . . .
some red birds, several of which I shot for our curiosity.” This
quotation is worthy of note as it shows an early interest in birds
and an appreciation of the difference in the avi-fauna of the two
countries. At the same time we find no further mention of birds
in his correspondence for many years.

The two weavers found no opening for men of their trade in
Philadelphia and seem to have been compelled to accept any kind
of employment that was offered. Wilson, always of a delicate
constitution and unfitted for hard labor, succeeded in securing a
school first at Frankford and later at Milestown, a short distance
north of the city. The requisites of the country schoolmaster
were not very severe at this time, and as Wilson wrote a good hand
and had always been a reader his education, in spite of early short-
comings, was apparently fully equal to the calls made upon it.
With the idea of advancing in this profession he seems to have
been constantly endeavoring to improve himself in mathematics
and other studies in which he recognized himself as deficient.

His particular friend at this period of his life was Charles Orr,
a writing master in Philadelphia and a man of studious nature
with whom Wilson maintained an active correspondence. His
letters of September, 1800, show that he had been forced to relin-
quish his school on account of ill health, but at the earnest request
of the trustees agreed to try it again. ‘I was attached to the chil-
dren and to the people,” he wrote, “and if they would allow me -
one week more to ramble about, I would once more engage, though
I should die in their service. My request was immediately acceded
to, and I am once more the dominie of Milestown school.” Later
he writes, “I have begun the old way again and have about thirty
scholars. I study none and take my morning and evening ramble
regularly. Do you spend any of your leisure hours with the
puzzling chaps, algebra and trigonometry, etc., or are you wholly
absorbed in the study of mechanics? You must write me particu-
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larly. I think I shall take a ride 15 or 2o miles on Saturday. I
find riding agrees better with me than any other exercise. I
always feel cheerful after it, and can eat confoundedly. Have
you made any new discoveries in the Heaven above, or the earth
beneath, with your telescope or microscope?”’

At this time his nephew had moved to Ovid, Cayuga county,
New York, where they had purchased a tract of land and begun
to farm. Other members of his family came hither from Scotland
and it seems to have been Wilson’s intention to join them though
he afterwards abandoned the idea.

In 1801 Wilson left Milestown and obtained a school at Bloom-
field, N. J., where he remained about a year. He seems to have
had little trouble in securing positions. School-teachers, were, to
be sure, scarce and salaries small, as he complained bitterly with
respect to his Bloomfield engagement where the people ‘‘paid
their minister 250 pounds a year for preaching twice a week and
their teacher 4o dollars a quarter for the most spirit-sinking,
laborious work, six, I may say twelve times weekly.”

Wilson, however, seems to have possessed the requisites of a
teacher in no small degree; he was both a disciplinarian and an
instructor and succeeded in his main object, that of imparting
knowledge to his pupils. He also seems to have gained the respect
and good-will of the people among whom he established himself
so that they were loath to have him leave them. In describing
his Bloomfield school he writes: “The schoolhouse in which I
teach is situated at the extremity of a spacious level plain of sand
thinly covered with grass. In the centre of this plain stands a
newly erected stone meeting-house, 8o feet by 6o, which forms a
striking contrast with my sanctum sanctorum, which has been
framed of logs some 100 years ago, and looks like an old sentry
box. The scholars have been accustomed to great liberties by
their former teacher. They used to put stones in his pocket, etc.,
etc. I was told that the people did not like to have their children
punished, but I began with such a system of terror as soon estab-
lished my authority most effectually. I succeed in teaching them
to read and I care for none of their objections.”
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Wilson became involved in a love affair while at Milestown,
which did not end happily for him, and his sensitive nature ever
subject to fits of despondency became more than ever affected
during his stay at Bloomfield where he was surrounded by stran-
gers. He proposed to his friend Orr that they open a school
somewhere under their joint management; he even thought of
turning his back upon his adopted country and returning to the
shores of Caledonia, and meanwhile he consoled hlmself in his
solitude with writing poems.

In February, 1802, he moved again, this time to take charge of
the school at Gray’s Ferry just outside the city of Philadelphia.
He had evidently not recovered from his despondency, as he writes,
“I shall recommence that painful profession once more with the
same gloomy sullen resignation that a prisoner re-enters his dun-
geon or a malefactor mounts the scaffold; fate urges him, necessity
me. The present pedagogue is a noisy, outrageous fat old cap-
tain of a ship, who has taught these ten years in different places.
You may hear him bawling 300 yards off. The boys seem to
pay as little regard to it as ducks to the rumbling of a stream
under them. I shall have many difficulties to overcome in estab-
lishing my own rules and authority. But perseverance over-
cometh all things.”

Little did Wilson suspect that this last move would prove the
turning-point of his life and raise him from oblivion to fame though
not in the field in which he had always imagined that his genius
lay.

Amid the green fields and the budding woods of early spring he
forgot his troubles and his spirits rose again with their charac-
teristic impetuosity. Poetry as usual was his resource: “My harp
is new strung,” he writes, “and my soul glows with more ardour
than ever to emulate those immortal bards who have gone before
me . . . my heart swells, my soul rises to an elevation I cannot
express.”

But poetry was soon to take second place in his consideration.

Close to Gray’s Ferry lay the homestead of the Bartrams, a
curious old stone mansion surrounded by the historic botanical



ALEXANDER WILSON 57

garden the pride of the famous old botanist, John Bartram.
Here there were living at this time the two sons of the original
proprietor, John and William Bartram. The latter, then a man,
of sixty-one years of age, was a botanist of perhaps quite as much
ability as his father, while he also possessed a hoard of knowledge
on general natural history equalled by but few men of his time.
He had traveled when a young man through Georgia, Carolina
and Florida and published a report on his travels. Being ex-
ceedingly modest, however, he never sought fame by further pub-
lications, though he generously aided all who came to him for as-
sistance and advice and shared with them his store of knowledge.

Between Bartram and Wilson a close intimacy immediately
sprang up, and the association with the venerable naturalist and
the atmosphere which prevaded the botanic garden soon kindled
into flame the latent interest in birds which up to that time had
been dominated by the spirit of poetry.

Ornithology was almost as much a hobby with Bartram as
botany, and he had published in his Travels a list of the birds of
eastern North America, consequently he gave every encourage-
ment to the development of this taste in his young friend.

The meagerness and inaccuracy of the literature of American
ornithology, and the obvious need of science for the knowledge
that he felt he could supply strongly appealed to Wilson, while
the recreation from his confining school duties which the pursuit
of this study would afford him, was an additional allurement.

In 1803 he writes to a friend, “I have had many pursuits since
I left Scotland . . . and I am now about to make a collection of
all our finest birds.”

The first essential in natural history research in those days was
the preparation of drawings of the objects studied, and Wilson
being by no means an artist born set about the laborious task of
learning to draw. Night after night he worked patiently with
brush and pencil in his efforts to produce satisfactory pictures of
the birds which he shot. Alexander Lawson, the engraver, gave
him instruction and Miss Nancy Bartram, a niece of the naturalist,
also helped him. Wilson never attained much artistic ability,
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but his sole object, the production of faithful bird portraits, he did
accomplish and in a style superior to any work published up to
that time and to many that came after.

Some of his first efforts he sent to Bartram with the following
explanation: “The duties of my profession will not admit me to
apply to this study with the assiduity and perseverance I could
wish. Chief part of what I do is sketched by candle-light, and for
this I am obliged to sacrifice the pleasures of social life, and the
agreeable moments which I might enjoy in company with you and
your amiable friend. I shall be happy if what I have done merits
your approbation.” To Lawson he writes about this time, ‘“Six
days in one week I have no more time than just to swallow my
meals and return to my Sanctum Sanctorum. Five days of the
following week are occupied in the same routine of pedagoguing
matters; and the other two are sacrificed to that itch for drawing,
which I caught from your honorable self. I am most earnestly
bent on pursuing my plan of making a collection of all the birds
in this part of North America. Now I don’t want you to throw
cold water, as Shakespeare says, on this notion, Quixotic as it
may appear. I have been so long accustomed to the building of
airy castles and brain windmills, that it has become one of my
earthly comforts, a sort of a rough bone, that amuses me when
sated with the dull drudgery of life.”

Quoting again from his letters as the best record we have of his
progress, we find him writing to Bartram in March, 1804:

“T send for your amusement a few attempts at some of our in-
digenous birds, hoping that your good nature will excuse their de-
ficiencies, while you point them out to me. I am almost ashamed
to send you these drawings, but I know your generous disposition
will induce you to encourage one in whom you perceive a sincere
and eager wish to do well. They were chiefly colored by candle
light.

“I have now got my collection of native birds considerably en-
larged; and shall endeavour, if possible, to obtain all the smaller
ones this summer. Be pleased to mark on the drawings, with a
pencil, the name of each bird, as, except three or four, I do not
know them. I shall be extremely obliged to you for every hint
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that will assist me in this agreeable amusement. . . . I declare
that the face of an owl, and the back of a lark, have put me to a
nonplus; and if Miss Nancy will be so obliging as to try her hand
on the last mentioned, I will furnish her with one in good order,
and will copy her drawing with the greatest pleasure; having
spent almost a week on two different ones, and afterwards de-
stroyed them both, and got nearly in the slough of despond.”

The next two years passed rapidly at Gray’s Ferry. Wilson
concentrated his attention upon the collecting and drawing of
birds, while his leisure moments were spent in the company of his
friend and adviser, for whom his love and esteem were constantly
increasing. “I confess,” he writes, “that I was always an enthu-
siast in my admiration of the rural scenery of Nature; but since
your example and encouragement have set me to attempt to imitate
her productions, I see new beauties in every bird, plant, or lower
I contemplate; and find my ideas of the incomprehensible First
Cause still more exalted, the more minutely I examine His work.”
And again regarding some more drawings sent to Bartram, “Criti-
cise these, my dear friend, without fear of offending me—this
will instruct, but not discourage me. For there is not among all
our naturalists one who knows so well what they are, and how
they ought to be represented. In the mean time accept of my
best wishes for your happiness—wishes as sincere as ever one hu-
man being breathed for another. To your advice and encourag-
ing encomiums I am indebted for these few specimens, and for all
that will follow. They may yet tell posterity that I was honored
with your friendship, and that to your inspiration they owe their
existance.”

Meanwhile the school went on and the scholars became inter-
ested in gratifying their master’s tastes. ‘I have had live crows,
hawks and owls,—oppossums, squirrels, snakes, and lizards,”
writes Wilson, “so that my room has sometimes reminded me of
Noah’s ark; but Noah had a wife in one corner of it, and in this
particular our parallel does not altogether tally. I receive every
subject of natural history that is brought to me and though they
do not march into my ark from all quarters, as they did that of
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our great ancestor, yet I find means, by the distribution of a few
five-penny bifs, to make them find the way fast enough. A boy,
not long ago, brought me a large basket full of crows. I expect
his next load will be bull-frogs, if I don’t soon issue orders to the
contrary.”

The winter of 1804-05 was very severe and the suffering was
great. Many scholars were unable to continue in attendance at
Wilson’s school-house and he was in such financial straits that he
was forced to propose giving up his position. The trustees, how-
ever, would not hear of it and immediately raised sufficient funds
to retain his services.

In October, 1804, Wilson took a journey mainly on foot to visit
his nephew at Ovid, continuing to Niagara Falls and returning
to Gray’s Ferry in December. This trip inspired his last lengthy
poem, which was separately published as T/e Foresters being in
fact a narrative of the trip in verse. The varied scenery also
stirred up the old spirit of restlessness, and he wrote to Bartram
of the advisability of becoming a traveler “to commence some
more extensive expedition, where scenes and subjects entirely new,
and generally unknown, might reward my curiosity; and where
perhaps my humble acquisitions might add something to the store
of knowledge.” He also asked how he might best acquire a
knowledge of botany and mineralogy.

Whatever Bartram’s advice may have been Wilson seems to
have continued his study of scientific literature with redoubled
vigor. His letters at this time contain comments and criticisms
on current publications which indicate a considerable breadth of
knowledge, and early in the following year he was appointed
assistant editor of Rees’s New Cyclopaedia, then being published
by Bradford and Company of Philadelphia. He received a “gen-
erous salary” of $goo per year and was at last freed from the
drudgery of his school, though for a time at least his work was
more confining and necessitated his residence in the heart of the
city which he thoroughly detested.

Almost from the time Wilson set foot on American soil he be-
came strongly attached to the country, and his letters to friends at
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home constantly boast of the resources and possibilities of the
States. President Jefferson commanded his deep respect and
admiration, especially on account of his scientific attainments, and
to him he seems to have looked for some assistance in the prosecu-
tion of his ornithological studies. He sent him with much diffi-
dence drawings of two birds which he had secured on his journey
to Niagara and received a very appreciative letter from the presi-
dent. Encouraged by this Wilson wrote again just before receiv-
ing his editorial appointment and applied for a position on the
expedition then being fitted out by the government under Captain
Nicolas Pike to explore the sources of the Arkansas River; no
attention, however, was paid to his application.

The idea of publishing the results of his bird studies seems to
have taken definite shape in Wilson’s mind toward the end of the
year 1805, and he at that time was making attempts at etching
on copper. Catesby for economy’s sake etched his own plates,
and Wilson being no better situated financially probably saw no
other way to reproduce his drawings. His first efforts which Ord
tells us were’plates one and two of the Ornithology were sent to
Bartram on November 29, 1805, and January 4, 1806, the latter
one accompanied by the following note: “Mr. Wilson’s affectionate
compliments to Mr. Bartram; and sends for his amusement and
correction another proof of his Birds of the United States. The
coloring being chiefly done last night, must soften criticism a little.
Will be thankful for my friend’s advice and correction.” In the
letter to President Jefferson above alluded to, he clearly states his
purpose of publishing as he says, “Having been engaged, these
several years, in collecting materials and finishing drawings from
Nature, with the design of publishing a new Ornithology of the
United States of America, so deficient are the works of Catesby,
Edwards, and other Europeans, I have traversed the greater part
of our northern and eastern districts; and have collected many
birds undescribed by these naturalists. Upwards of one hundred
drawings are completed, and two plates in folio already engraved.”

By April, 1807, the propectus was ready, and apparently dissat-
isfied with his own efforts he had engaged Alexander Lawson to
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etch the plates. The remuneration could not have been great
and the profits were lessened by the labor that was necessary to
bring the plates up to the author’s ideal. In fact Lawson told Ord-
that he found frequently his reward did not amount to more than
fifty cents a day, but he was so anxious to encourage his friend
that he made no complaint and his work was in a great measure
a labor of love. In planning for the publication Wilson no doubt
derived great benefits from his association with Bradford and
Company and it was of course this house which was to issue the
work. f

In the autumn of 1808, with a sample copy of volume one, he
started upon a personal canvass of the country for the two-hundred
and fifty subscribers which were considered necessary before the
publication could be seriously prosecuted, the subscription price
being $120. Traveling by stage and on foot he visited Princeton,
New York, New Haven, Boston and Portland Maine, and re-
turned by way of Dartmouth College and Albany, stopping at all
the smaller towns on the way where possible subscribers might be
found.

His success was varied; scientific men of means subscribed as
did many prominent citizens interested in the advancement of
literature and science. Many others, however, while lavish in
praise of his beautiful pictures were appalled at the price and
still others seemed to totally lack appreciation of the merits of his
work. Governor Tompkins of New York, afterwards Vice-
President of the United States, said, “I would not give a hundred
dollars for all the birds you intend to describe, even had I them
alive.”

Such rebuffs must have been hard to bear, but Wilson had
plenty of pluck and his letters home while avoiding any mention
of his success are full of descriptions of the places he visited.
Every spot of historic interest inspired him with respect. He vis-
ited Bunker Hill with a feeling of veneration and was surprised
that the people living in the vicinity did not seem to share it.

Upon his return to Philadelphia Wilson set out almost immedi-
ately upon a southern tour, visiting Washington, Charleston, and
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Savannah, in which latter city he succeeded in bringing the total
of his subscription list up to the requisite two hundred and fifty;
“having,” to quote his own words, ‘‘visited all the towns within
one hundred miles of the Atlantic from Maine to Georgia and
done as much for this bantling book of mine as ever author did
for any progeny of his brain.” His experience in the south was
much like that in the north. ‘In Annapolis,” he writes, “I passed
my book through both Houses of the Legislature; the wise men
of Maryland stared and gaped, from bench to bench; but having
never heard of such a thing as one hundred and twenty dollars
for a book, the ayes for subscribing were none.”

In Charleston he found such “listlessness and want of energy”’
that he could get no one to draw him up a list of likely subscribers
and “was obliged to walk the streets and pick out those houses,
which, from their appearance indicated wealth and taste in the
occupants, and introduce myself.” However, his task was ac-
complished, and flushed with success he embarked for Philadel-
phia in March, 1809, ready to push the publication of his volumes
with all possible haste.

Wilson’s canvassing trips were profitable in other ways than the
securing of subscribers. His scientific acquaintances had hitherto
been mainly limited to Philadelphia or to such visitors as he
met at Bartram’s hospitable mansion. He knew Thomas Say,
George Ord, Benjamin S. Barton, and the Peales, while he had
met Michaux and Muhlenberg, the botanists. Now, however, in
every town he sought out those interested in Natural History. As
he himself put it: “Whatever may be the result of these matters,
[subscriptions] I shall not sit down with folded hands. . . . I am
fixing correspondents in every corner of these northern regions,
like so many pickets and outposts, so that scarcely a wren or tit
shall be able to pass along, from New York to Canada, but I shall
get intelligence of it. . . .”

Notable among his new acquaintances was Abbott of Georgia,
famous for his publication on the insects of his native state. With
him he arranged for the forwarding of such southern birds as he
was personally unable to secure as well as any that were in Abbott’s
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estimation new to science. These Wilson agreed to pay for through
his agent in Savannah.

In January, 1810, the second volume of the Ornithology ap-
peared, and shortly afterward Wilson started westward to explore
the ornithological terra incognita that lay beyond the Alleghanies.
He had for some years realized the necessity of exploring this
country as he supposed there were many birds to be found there
which never came east of the mountains. In 18og he had ar-
ranged such an excursion in company with Bartram, but the fail-
ing health of the venerable botanist finally compelled him to re-
linquish all thought of going, while Wilson, after failing to receive
an appointment upon the government expedition, also abandoned
the project as he realized that his finances would not warrant such
an undertaking. Now, however, the expedition was imperative
both on account of the probable scientific results and the possible
subscribers to be obtained in the towns of the Ohio and Mis-
sissippi Valleys.

His route lay from Pittsburg down the Ohio, which he trav-
ersed in a rowboat, as far as Louisville. There he sold his skiff
to a man who wondered at its curious Indian (!) name “The Orni-
thologist,” and set out on foot to Lexington and Nashville. He
visited the Mammoth Cave and sent to the editor of the Por:-
folio in Philadelphia letters containing a careful description of
this and other interesting points that he passed on his journey.

Before leaving Nashville he wrote to a friend, “Nine hundred
miles distant from you sits Wilson, the hunter of birds’ nests and
sparrows, just preparing to enter on a wilderness of 780 miles,—
most of it in the territory of Indians,—alone, but in good spirits,
and expecting to have every pocket crammed with skins of new
and extraordinary birds before he reaches the City of New Or-
leans.” ;

The territory of Mississippi through which Wilson traveled
alone on horseback was then mainly populated by the semicivilized
Indian tribes which were afterwards transported to the present
Indian Territory and he met but few white men. The route was
exceedingly difficult, being through dense forests and “most
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execrable swamps.” On the seventeenth day he reached Natchez
and from there followed the Mississippi River to New Orleans.

Here he secured a substantial addition to his subscription list
and sailed for Philadelphia, well satisfied with his trip. He
skirted but did not touch the peninsula of Florida, a land which
had he but known it would have yielded him more novelties than
that which he had just traversed.

During the years 1811 and 181z Wilson seems to have lived
almost continuously at Bartram’s, which was always such a con-
genial home to him, and meanwhile the publication advanced
rapidly. ‘

After the fifth volume was completed in 1812 he went again to
New England to visit his agents and look after his subscribers.
Upon his return he devoted himself to the water birds which he
had previously somewhat neglected and made a number of excur-
sions across the state of New Jersey to Egg Harbor, then a great
resort for sea birds of various kinds. Upon these trips he was
accompanied by his friend Ord then about thirty years of age,
afterwards president of the Academy of Natural Sciences of
Philadelphia.

About this time Wilson began to reap the rewards of his labors,—
financial reward there was apparently none, since the expense
so far had fully equalled the receipts,—but his merit was gaining
recognition.

He was elected a member of the American Society of Artists in
1812 and of the American Philosophical Society and the recently
formed Academy of Natural Sciences in the following year.

During the summer of 1813 owing to the difficulty of procuring
colorists for the plates he attended personally to much of this
work and overtaxed himself. His whole energy seems to have
been directed toward the finishing of his work. In July he writes,
“My eighth volume is now in the press and will be published in
November. One more volume will complete the whole.” His
constitution, however, which had always demanded plenty of out-
door exercise could not stand this constant application and when
shortly after this he was stricken with an attack of dysentery, he
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lacked the requisite strength to resist the disease and after only a
few days illness he died on August 23, 1813.

The premature close of such a career was lamentable. With
fame just within his grasp and possibilities of various kinds before
him, it is difficult to say what Wilson would have accomplished
had he been permitted to round out his life.

His friend Ord completed the Ornithology from the fragments
left by the author, probably as faithfully and as nearly in accord
with Wilson’s ideas as it could have been done, and later published
several reprints. The revised editions and further populariza-
tion of the work, and a work on North American mammals, all of
which Wilson had in mind, could, however, be executed by no other
hand. Furthermore the existence of an ornithologist of such pre-
eminent ability must have exerted a decided influence upon the
subsequent development of scientific work in America and it is
impossible to say what effect his later work might have had upon
the productions of those who succeeded him.

The character of Alexander Wilson, the man, may be read in
the outline of his life and the history of his work, but his friend
Ord has given us a sketch of his personality:

“ Wilson was possessed of the nicest sense of honor. In all his
dealings he was not only scrupulously just but highly generous.
His veneration for truth was exemplary. His disposition was
social and affectionate. His benevolence was extensive. He
was remarkably temperate in eating and drinking, his love of
study and retirement preserving him from the contaminating
influence of the convivial circle. But as no one is perfect,
Wilson in a small degree partook of the weakness of humanity.
He was of the genus irritabile, and was obstinate in opinion. It
ever gave him pleasure to acknowledge error, when the conviction
resulted from his own judgment alone, but he could not endure
to be told of his mistakes. Hence his associates had to be spar-
ing of their criticisms, through a fear of forfeiting his friendship.
With almost all his friends he had occasionally, arising from a
collision of opinion, some slight misunderstanding, which was
soon passed over, leaving no disagreeable impression. But an
act of disrespect he could ill brook, and a wilful injury he would
seldom forgive, -
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“In his person he was of a middle stature, of a thin habit
of body; his cheek bones projected, and his eyes, though hollow,
displayed considerable vivacity and intelligence; his complexion
was sallow, his mein thoughtful; his features were coarse, and
there was a dash of vulgarity in his physiognomy, which struck
the observer at the first view, but which failed to impress one
on acquaintance. His walk was quick when travelling, so much
so that it was difficult for a companion to keep pace with him;
but when in the forests, in pursuit of birds, he was deliberate
and attentive—he was, as it were, all eyes and all ears. Such
was Alexander Wilson.”

So far as we can learn no one differed from the above estimate
of the man except Audubon who charges him with failure to
acknowledge information that he gave him and with publishing
a copy of one of his drawings without credit. These claims were
not made until after Wilson was dead and are so at variance with
his character as depicted by others that they would seem scarcely
worthy of notice were it not that so much has been made of them
both by Audubon and his biographers. Audubon at several
points in his ornithological writings makes sarcastic remarks
about Wilson, and there is every reason to believe that he was
much embittered at his failure to secure a publisher for his work
in Philadelphia and New York owing to the field being filled by
that of Wilson. His relations with Ord and other of Wilson’s
supporters, moreover, were not friendly, and these facts doubtless
had much to do with his attacks. The meeting between the two
ornithologists took place at Louisville in March, 1810, when Wilson
was seeking birds and subscribers on his western tour. They were
quite unknown to each other even by name or reputation. Audu-
bon at the time was only thirty years of age and had no reputation
except among his immediate friends. He had made a number of
drawings of birds, but had no thought of publishing them. He
accompanied Wilson upon a day’s hunting during his stay in
Louisville as Wilson himself states, but the latter doubtless never
thought of crediting Audubon with such observations as they may
have made, when in each other’s company. As to the drawings,
all that Wilson made on this part of his trip were lost, and there is
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absolutely no reason to doubt his statement that he secured the
small-headed Flycatcher as he described, inasmuch as Ord im-
mediately published the fact that he was with Wilson when he
shot the bird and Lawson stated that he had the specimen before
him when engraving Wilson’s plates. Audubon’s memory seems
to have been at fault in this instance, and his hostility to Ord
doubtless inspired this and other reflections on Wilson, as else-
where he speaks of him with great kindness.

Wilson entered upon the production of his Ornithology with
no motive other than the desire to benefit science, and he expressed
no expectations of great financial profit or sensational notoriety.
He expended upon the work all the money that he had and was
eventually compelled to resign his position as editor of the Encyclo-
pedia so engrossing were the demands of his own publication.
At the time the second volume was about ready for the press he
wrote to Bartram: “I assure you my dear friend that this under-
taking has involved me in many difficulties and expenses which I
never dreamed of and I have never yet received one cent from it. I
am therefore a volunteer in the cause of Natural History impelled
by nobler views than those of money.” In the preface to the
fifth volume, too, he says: “The publication of an original work of
this kind in this country has been attended with difficulties, great,
and it must be confessed sometimes discouraging to the author
whose only reward hitherto has been the favorable opinion of
his fellow citizens and the pleasure of the pursuit.” There is no
evidence that circumstances had altered at the time of his death,
and though he speaks with satisfaction of the approval of his
friends, his reward even in this line had scarcely begun to reach
him when his labors were so suddenly terminated.

In forming our estimate of the value to science of Wilson’s
work we naturally compare it with that of other ornithologists.
Compared with his predecessors, his chief merit is originality. He
had no imodel upon which to build his Ornithology and was indeed
familiar with only the works of CW
and am, and the obvious errors which pervade most of these

drove him to rely only upon Nature herself for his facts. He broke
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boldly away from all the fables and hearsay reports that fill the
pages of the early writers and described only such birds as he had
himself seen and such characteristics of habit as he was personally
familiar with or which he had first hand from reliable observers.

Thus relying wholly upon his own resources he produced a
treatise which at once placed American Ornithology upon a firm
basis, and upon the foundation thus laid each subsequent writer
from Audubon and Nuttall on, has simply added his portion
toward the completed structure. The first writer upon a fauna is
in a different position from any of those who come after, and
can hardly be fairly compared with them since they have all had
his work as a guide.

In the case of Alexander Wilson we find him most frequently
compared with Audubon, since their works were of essentially
the same compass. From an artistic standpoint Audubon’s
work is far superior; he was preéminently an artist, both by
birth and education, while Wilson made no pretensions to art;
but as a scientific work so far as the country covered by Wilson
is concerned it added but little to Wilson’s accounts, and this in
spite of the fact that the latter’s bird studies covered but ten
years, while Audubon had devoted thirty years to the study
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