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I. Biographical Sketch1

When the history of the progress of physics in the United
States during the late nineteenth and early twentieth centuries
is written the name of Carl Barus will of necessity occupy an
important place. When he began his scientific career with the
United States Geological Survey in 1880, American physicists
and physical laboratories were relatively few in number; when
he ended his professional career as Hazard Professor of Physics
in Brown University in 1926, the United States had achieved
an eminent position in this field of human activity. In this
development, Barus' own contributions were not inconsiderable.

Carl Barus came of German stock. His father, Carl Barus,
Sr., settled in this country in 1849 a n d found work in Cin-
cinnati, Ohio, as a musician, though he had been trained pri-
marily as an engineer. His mother, Sophia Mollmann by
birth, was the daughter of a German clergyman who came to
the United States in 1835. Carl Barus, their first child, was
born on February 19, 1856 in Cincinnati where he spent the
first eighteen years of his life, culminating with his graduation
from the Woodward High School there in 1874.

If we may judge from Barus' unpublished autobiographical
memoir 2 his boyhood was a normal, healthy one in a cultured
but not wealthy family where hard work was the expected thing
and luxury was unknown. There are the usual stories of the
pranks of the neighborhood boys, but it does not appear that

1 This memoir is divided into three parts : (1) a biographical sketch, (2)
a review of Barus' scientific research, and (3) a bibliography of Barus'
scientific publications which, so far as is known, is complete.

2 This is the chief source of information about the personal details of
Barus' life. It is an engagingly written account which makes much easier
the task of even a biographer who knew him intimately. The present
writer has been able to supplement this material by the recollection of
numerous conversations and other associations with Professor Barus dur-
ing the period from 1918-1935. The writer also wishes to acknowledge
his indebtedness for interesting suggestions by Prof. W. G. Cady of
Wesleyan University and Prof. Ernest Merritt of Cornell University.



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXII

the future physicist was uncommonly mischievous. On the
contrary he evidently developed early the habit of systematic
application which was such a conspicuous feature of his later
scientific career. He speaks, for example, of ten years of
faithful service as organ pumper in the churches at which
his father acted as musical director. Even before his high
school years, Barus showed more than a passing interest in
scientific experiments, particularly in chemistry. He also took
advantage of the opportunity presented by a boyhood acquaint-
ance to learn the use of the lathe and other machine tools
and was soon deep in the mystery of tempering steel. It is
clear that he combined natural curiosity with considerable initia-
tive and was not at all backward in letting people know of his
existence. In school he was a conscientious student and got
few thrashings—the standard method of imparting education
in the sixties as well as later. He admits reading Shakespeare,
Milton, Byron, Schiller and part of Goethe before the age of
fifteen. Small wonder he developed a literary style unusual
for a scientist! His musical education also naturally began at
an early age and though he had the normal boy's detestation
of piano practice he kept at the thing intensively enough to
become ultimately an accomplished musician.

Barus had an astonishingly good memory and in 1923 wrote
a long letter to the Founder's Day Committee of the Wood-
ward High School in Cincinnati giving a wealth of detail about
his experiences at the school some fifty years earlier. Here
he was a classmate of the late ex-President and Chief Justice
William Howard Taft. The standards of instruction at Wood-
ward were exceptionally high and Barus rose nobly to the occa-
sion, graduating in 1874 with the silver medal for outstanding
work in mathematics. It seems probable, however, that he
learned as much out of school as in it, for he was forever
dabbling with amateur chemistry, astronomy and botany, to
say nothing of attempts at poetry, playwriting and musical com-
position. People had not heard of "thwarted" youth in his day.

The normal expectation of a lad of Barus' financial status
was that high school would complete his formal education and
it was at first intended that he should get a job with a wholesale
chemical house in Cincinnati. By a happy chance, however,

172



CARL BARUS LINDSAY

a former schoolmate returned from his freshman year at the
Columbia School of Mines full of enthusiasm for the course
of study there and the professional opportunities being opened
up by the great mine booms then being exploited. The Barus
family were much impressed and though their means were de-
cidedly restricted, decided to strain a point and send their son
to Columbia. Two able classmates went with him.

Life in New York was largely a peregrination from boarding
house to boarding house with the usual vicissitudes in those
days of uncertain plumbing and sharp landladies. But there
is no question that on the whole Barus enjoyed his two years
at the School of Mines. His interest in the purely engineering
aspects of the course was by no means comparable with his
growing enthusiasm for pure science and the physicist Profes-
sor Ogden N. Rood was his favorite teacher. There was no
undergraduate physical laboratory at that time and experiments
had to be done at home with simple apparatus or followed
from the demonstrations of the professor who maintained an
instrument maker (William Grunow) in the attic above his
lecture room—very dingy quarters according to Barus' account.
Here the young student was able to see fine physical equipment
in the process of construction, for many well-known physicists
came there to have apparatus made, among them Henry, Langley,
Rowland and Michelson. Barus speaks very highly of the
faculty of the School of Mines of that day, but it is clear that
he was not cut out for an engineer. At the end of his second
year the realization that his chief interest lay in pure physics
prompted him to leave Columbia.

In 1876 Johns Hopkins University was founded and the
new physical laboratory was opened under the presiding genius
of H. A. Rowland. This provided an attractive opportunity
for an embryonic physicist and Barus was strongly tempted
to take it. There still exists a letter in Rowland's hand dated
October 5, 1876, expressing his willingness to have the Columbia
student work in his laboratory. Barus' father, however, was
more favorable to a European training if his son were really
determined to become a physicist, and Professor Rood recom-
mended enthusiastically Wiirzburg and Professor Friedrich
Kohlrausch, who had just then completed his well known treatise
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on practical physics. So Barus took up residence in the old
Bavarian university town and remained there for the next four
years, taking his doctor's degree summa cum laude in 1879.
He entered with zest into both the social and intellectual life
of Wiirzburg, perhaps at first over-emphasizing the former,
at any rate by his own confession. He became a member of
the Arminia fraternity and engaged in its activities with the
same thoroughness he showed in everything else he undertook.
Duelling took much of his time and left a permament mark
on his cheek. In fact one gathers that during his first year
of residence the, fraternity saw more of him than the physics
lecture room. Finally the money began to run low and con-
science to prick; intellectual zeal returned with a rush after
the proposal by Kohlrausch of a doctoral research on the rela-
tion of magnetization to the hardness of steel. This was modi-
fied by Barus to a study of the thermoelectric properties and
electrical conductivity in their relation to hardness. His thesis
was published in the Annalen der Physik in 1879, having been
reported to the physical-medical society in Wiirzburg in January
of that year. The physical laboratory facilities at Wiirzburg
during most of Barus' stay were rather crude and uncomfortable.
Apparatus building for graduate students was largely a matter
of cobbling together equipment out of wood, cork, glass, rubber
and wax with metal foil, wire and solder. Nevertheless the
apparatus served its purpose. Each generation will not cease
to wonder at the remarkable results achieved by the meager
tools of the previous one. During Barus' residence the Bavarian
government built for Kohlrausch a new physical laboratory and
Barus helped in the process of moving and settling. At Kohl-
rausch's invitation he decided to stay for a time after receiving
his degree and act as assistant in the new laboratory. Here
he continued his research work on steel with the collaboration
of a Czecho-Slovakian colleague, Vincent Strouhal. The pair
gathered material for a number of papers which appeared in
the Annalen der Physik from 1880-1883. By 1880, Barus'
father was anxious to have him return to America and a good
opportunity developed with the possibility of a position under
Clarence King, the director of the United States Geological
Survey, who was looking for a man in geophysics. So the
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young Ph.D. from Wiirzburg returned to begin a professional
career in this country.

After a short stay with his family in Cincinnati he received
his appointment as physicist in the Geological Survey and was
ordered to Nevada to make electrical measurements on ore bodies
as a member of the staff of Dr. G. F. Becker, the geologist.
Here he spent the better part of a year in a rather adventurous
existence delving into gold and silver mines and more or less
roughing it in the wilds of a section made famous about that
same time by Mark Twain. Barus worked both in the famous
Comstock lode in Virginia City and at Ruby Hill near Eureka.
As an interesting commentary on the serious conscientiousness
with which the young physicist took his work it may be noted
that after he had returned to Cincinnati to work out his report,
he was assailed with doubts whether certain experimental al-
lowances had been properly made. So seriously did he feel
this that he went back to Nevada to check this single point.
It turned out that the return trip was unnecessary. Nevertheless
the incident stamped Barus as a serious and cautious scientist
and augured well for the future.

The next phase in Barus' connection with the Geological Sur-
vey came with the establishment of a rather elaborate geo-
physical laboratory, first (and for a short time only, i.e., Decem-
ber 1881-November 1882) in the American Museum of Natural
History in New York and later in a private dwelling house in
New Haven. In this work it was planned that he would be
assisted by his former colleague at Wiirzburg, Dr. Strouhal,
and the latter did actually help considerably in purchasing in
Europe the much needed apparatus which it was practically
impossible to procure in America at that time. However, an
offer of the professorship of physics at the Czech University
of Prague overturned Strouhal's plans to join Barus and the
latter had to look elsewhere. He finally found an able collabora-
tor in another American, William Hallock, who had also just
then taken his degree with Kohlrausch. He was a Columbia
man and remained with the Survey until 1891, ultimately
becoming professor of, physics and head of the department at
Columbia. The two young physicists set up what must have
been a well-appointed laboratory for those days at 310 Dixwell
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Avenue in New Haven. The location was apparently chosen
with a view to the possibility of collaboration with the Yale
faculty, and Barus and his colleague received a very kind recep-
tion from the Yale scientists. They embarked on an elaborate
geophysical program which first involved a thorough calibration
of the platinum thermocouples which were to be used for high
temperature measurements. However, it appears that little
of a definite nature was accomplished. The lure of social
activity was still too strong for such youngsters to resist and
the Yale acquaintances were probably too kind. Then, too,
Clarence King, on whose initiative the whole research project
had been undertaken, had been absent from the country for
a considerable time and was no longer director of the Survey.
The new director, Major J. W. Powell, did not take kindly
to the New Haven laboratory and ordered it dismantled in
1884 and the removal of the apparatus to Washington, D. C ,
where new quarters were provided in the National Museum.

Barus remained in Washington for the next ten years. His
work for the Geological Survey continued until 1892 and was
a period of intense scientific activity. His colleague Hallock
left him and he worked alone on a great variety of fundamental
researches in geophysics, including a thorough study of the
viscosity of steel in various stages of hardness, and a continua-
tion of the high temperature thermometry begun in New Haven.
Such preliminary experiments w.ere necessary before proceeding
to the main geophysical research, which began to be tackled
about 1888 and included a determination of the volume expan-
sion of rock in the transition from the solid to the liquid state
as well as the change in the specific heat during the transition.
The behavior of bodies under very high pressure was also
studied. The importance of this work will be noticed further
on in the review of Barus' scientific achievements. Suffice it
to say that the basis of his scientific reputation was laid in
this work with the Survey. It led to his election to the National
Academy of Sciences in 1892. It also undoubtedly played an
important part in establishing the method of his research: for
the rest of his life his most significant work was done without
collaborators. It had both the advantage of encouraging inde-
pendence and the disadvantage (which indeed showed itself
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later) of encouraging queerness in notation and making his
papers rather difficult' to read. It was in Washington also
that Barus began his married life. He was married on January
20, 1887, to Annie Gertrude Howes, a graduate of Vassar
College in the class of 1874. Two children were born of this
marriage, Maxwell Barus and Deborah Barus, of New York
and Boston respectively. Mrs. Barus, who later become an
active and nationally recognized worker in sociological and edu-
cational fields, died in 1928.

Though government scientific salaries were low, Barus en-
joyed his work thoroughly. He was an independent worker,
content to let the results of his labors speak for themselves
without the trumpet blowing of extra-laboratory activities. In
this he was probably unwise, since in his sincere confidence in
Major Powell he made no attempt to build favor for himself
outside of the Survey. Moreover there was no civil service
protection then. Hence when Powell lost his grip with Con-
gress, several of his staff were unceremoniously dismissed,
among them Barus. This was in 1892 and marked the end
of his association with the U. S. Geological Survey. To make
the shock greater, and the gloom more dismal the geophysical
equipment which had been laboriously constructed over a period
of nearly a dozen years was constitutionally classified as "old
junk" and was carted off to the Department of the Interior
to be disposed of as such. The only silver lining in the cloud
was provided by the apparatus originally lent to Barus by Clar-
ence King. This alone remained after the house-cleaning.
Curiously enough it stayed with Barus to the end of his life
and some of it still remains in the Physical Laboratory at
Brown University.

As a physicist with a laboratory and some scientific equip-
ment but minus a job, Barus felt himself doomed to cut a
sorry figure. If he had known of the ups and downs which
the next three years were to hold in store for him, he would
have felt even worse. At the moment, however, a saviour
appeared in the shape of Professor Mark W. Harrington, who
had just been called from Michigan to head the remodeled
U. S. Weather Bureau, recently transferred to the Department
of the Interior. Harrington decided to put a little physics
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into the Bureau and organized a sub-department of meteoro-
logical research in which Barus was made Professor of Meteor-
ology in September, 1892. Showing considerable versatility
he threw himself into the new field with great vigor and soon
had a program underway to look into the condensation of
atmospheric moisture. However, even here trouble arose over
the "anomaly" of a research under the auspices of the Weather
Bureau being carried on in the National Museum! So Barus
had to find new quarters. It was Alexander Graham Bell who
came to the rescue in the spring of 1893 with the offer to rent
a house in Georgetown for the project until the Bureau could
take care of it. However, Barus' peace of mind was short-
lived, for the incoming Cleveland administration made short
work of his new post and in the summer of 1893 he was again
without a job, though he still had a laboratory.

Barus had previously attracted the favorable attention of
S. P. Langley, the Secretary of the Smithsonian Institution,
and in August, 1893, accepted the latter's offer to become sci-
entific consultant at the Institution. The salary was small com-
pared with his previous stipends, but it was better than nothing
and kept him in the field of physics. Two projects were to
be worked on ; first, the connection between radiation and tem-
perature (the field in which Langley made probably his greatest
contribution) and second, aerodynamical researches. Barus
was not too enthusiastic over the latter, but it appears that of
the two he had to spend more time and energy on this than
on the former. Langley was an indefatigable experimenter and
in those days experiments with airplanes were very disappoint-
ing. When the history of aeronautics is written, the hours
Barus spent trying to make Langley's models fly certainly ought
to receive attention. In his memoirs he states frankly that
he did not enjoy the work. Finally early in 1895 he gave it
up entirely. His stay at the Smithsonian had not been a total
loss, however, for there he had a chance to meet many celebrated
visiting physicists and to conduct some of the multifarious sci-
entific correspondence inevitably associated with such an insti-
tution.

Life must have looked rather blue for a time. Here was a
mature physicist in his late thirties, already recognized by the
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American Academy and the National Academy and with many
colleagues fully acquainted with the value of his work, but
without a job! For a few months Barus set up as a consulting
physicist and actually patented some devices which, however,
developed into nothing. A few nibbles had come from some
educational institutions but they like the inventions came to
naught. Finally in March of 1895 a letter came from his old
teacher Professor Rood of Columbia, stating that Rood's
brother-in-law, Professor Eli Whitney Blake, was about to retire
from the Hazard Professorship of Physics at Brown University
and conveying the suggestion that Barus should become a candi-
date for the vacant position. Rood took upon himself the
position of "campaign manager" and proved eminently suc-
cessful in this capacity, for Barus ultimately received the ap-
pointment in May, 1895, after many weeks of letter writing,
interviewing, etc. There were probably some who felt con-
siderable doubt about entrusting the position to a man who had
had no teaching experience whatever, even though his profes-
sional attainments were vouched for by half a dozen of the
most famous physicists in the country.

The opportunity at Brown must have seemed like a haven
of refuge to the much buffeted physicist. But Barus by no
means rested on his oars. He entered into the business of
learning how to teach with the same thoroughness and enthu-
siasm he had shown in his scientific research. Evidently he
wrote to his predecessor Blake for advice in connection with
the general elementary course, for a letter still exists from
Blake to Barus cautioning him not to expect too much of his
sophomores. His over-optimism about the amount of physics
which can be stuffed into college undergraduates was soon tem-
pered by experience. His lectures could not have been unpopular
for the enrollment in elementary physics increased steadily dur-
ing the first years of his stay. Much time went into the devising
of effective lecture demonstrations and many such pieces with
elaborate charts, etc., are still extant to testify to Barus' thought-
ful attention to pedagogical matters. Disillusionment came, as
it undoubtedly does to all who teach. In Barus' case it came
on an occasion when he announced to his class that due to the
necessity of attending a scientific meeting he would be forced
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to absent himself from the next class meeting. He expressed
regret, but the class responded with applause! Most of us
sooner or later learn not to take ourselves too seriously in
the business of teaching.

The rest of Barus' active career was spent at Brown Uni-
versity, where he held the .1 lazard Professorship until his re-
tirement at the age of 70 in 1926. In 1903 it was deemed
desirable to put graduate instruction on a somewhat more sys-
tematic basis and a graduate department was established with
Barus as Dean. He served in this capacity also until his retire-
ment and witnessed great growth in graduate study. In 1926
the "department" had grown large enough to be made into
a separate school of the University—a tribute to the efforts
Barus had made toward its evolution. His annual reports as
Dean were a definite contribution to post graduate higher edu-
cation in America, for he had the uncanny power to separate
the essential from the unessential.

As a classroom teacher Barus followed the European lecture
system with perhaps a somewhat more careful regard for the
time schedule. Promptly at the last stroke of the college bell
he would stride into the classroom and with no preliminaries
launch directly into his discourse. No questions were tolerated
during the lecture—students might beard the professor in his
den afterwards if they chose (or dared). The lectures were
clear and in the elementary course, at any rate, rather lavishly
illustrated with demonstrations, simple in construction but
having the merit of usually working. Occasionally a flash
of humor would emerge, but this was rare and for that reason
all the more keenly appreciated. The pace set, particularly
in the intermediate and advanced courses, was rather severe
and demanded close attention on the part of the auditor. Some
students found it simpler to use the lectures as suggestions
for what should be studied outside class and not as a systematic
course in themselves. This occasionally led to embarrassment
when the week's notebook, handed in for inspection, did not
seem to have much connection with the week's lectures. One
comment in a case of this sort is worth recording. Barus
wrote at the end of a screed more than usually irrelevant to
what he had been trying to talk about: "I set a given week's
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work and you hand me in return a tragedy of Euripides."
The notes were always corrected but not always severely
enough. A representative of a well-known scientific instrument
company has told the writer that he remembers climbing out
of the lecture room window while Barus was scribbling on the
blackboard (after attendance had been taken, of course). Such
stories could be duplicated at any number of college campuses
during the first decade of this century. Physics lecture rooms
today are not so easy to leave surreptitiously!

There seems little doubt that Barus' real heart was in his
research, which he kept at almost continually winter and summer
until his retirement. When Commencement came and the col-
lege community largely dissolved until fall, Barus shipped his
family off to the seashore but went on working in his base-
ment laboratory. He was a prolific writer on scientific subjects
and believed in describing the results of experiments with
considerable detail and in frequent reports, as a glance at the
appended bibliography amply indicates. During his tenure at
Brown alone he found time to bring out some 300 publications,
a record of productivity scarcely equalled in American physics.
He worked almost entirely alone and made nearly all his own
apparatus, on which the financial expenditure was usually rather
meager. Very rarely has so much been accomplished with so
little. Although an assessment of Barus' scientific contributions
will be found in the second part of this memoir, something should
be said here about the style of his writing. For a scientist
he possessed an unusual grasp of language and evidently keenly
enjoyed putting words on paper. He had a very witty way
of bringing out essential points which makes his book reviews
and general articles on the progress of physics a pleasure to
read even today when the physical ideas in them have often
long since passed into the realm of the historic. His address
at the International Congress in St. Louis in 1904, for example,
was a masterly summary of the whole evolution of physics
during the 19th century and still repays study both for content
and style. That his powers of graphic delineation did not
wane with age is evident from his Honor's Day address at
Brown in 1926 on "Three Phenomenal Ages of Cultural Ad-
vance." Those who corresponded with Barus will recall what a
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delightful letter writer he was and how he could invest even
the simplest topics with a whimsical significance.

For the first fifteen years of his connection with Brown,
Barus occupied a very prominent place in the activities of
American physicists and the list of his dignities and high offices
is impressive. In 1897 he was a Vice-President of the American
Association for the Advancement of Science and Chairman of
the Section on Physics at the Detroit meeting of that year.
His address on this occasion concerned long range variables
in temperature and pressure measurement. In 1898 he visited
England as guest of Cambridge University on the occasion of
the Stokes Jubilee and was made an honorary member of the
Royal Institution of Great Britain. He took this occasion to
travel extensively in France and Germany, renewing old friend-
ships and making new ones. In 1899 Barus was a member of
a committee which founded the American Physical Society, in
whose fortunes he took for many years an active part. He was
the fourth president of the society, holding that office in 1905-
1906. He comments that his presidential address in New York
on December 30, 1905, describing his work on condensation
nuclei, was twice as long as it should have been. On reading
it one can only marvel at the patience and capacity of the
physicists of that day. Barus served as a member of the
council of the Physical Society until his death. Naturally in
his later years he was forced to give up active participation
in the affairs of the society.

In 1900 the American Academy of Arts and Sciences awarded
Barus its Rumford Medal for his researches in heat. In the
same year he contributed a paper on high temperature measure-
ment to the International Congress of Physics in Paris. In
1902 he was invited by President Gilman of Johns Hopkins to
join the advisory council of the Carnegie Institution of Washing-
ton, in which he served with Woodward and Michelson as the
committee for physics. The plan for the administration of the
funds of the Institution which Barus drew up and the committee
recommended was not finally adopted. Nevertheless he himself
did some of his research under Carnegie grants and many of
his later research reports appeared as Carnegie publications.

In 1903 came election to the American Philosophical Society
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and his appointment as Dean of the Graduate Department at
Brown University. The next year saw the International Con-
gress of Arts and Sciences in St. Louis and Barus gave the
principal address for physics, taking as his subject the progress
of the science during the nineteenth century.

For many years Barus was an active member of the National
Academy of Sciences and attended meetings faithfully. When
the National Bureau of Standards was founded he worked
hard to get the Academy to endorse the project. Later, when
the Proceedings of the Academy was established as a journal,
Barus became a frequent contributor. In 1900 the Academy
met at Brown and Barus received the congratulations of his
fellow members for the thoroughness with which the arrange-
ments had been carried through.

Barus received two honorary degrees, an LL.D. from Brown
in 1907 and a similar degree from Clark in 1909. In 1911 he
traveled in Europe and attended the Portsmouth meeting of
the British Association for the Advancement of Science.

During the first World War the National Research Council
was formed by Hale and Millikan, and Barus was a member.
He gave a good deal of time to certain instrument problems
though it is clear that he was not enthusiastic over the par-
ticular work within the scope of his resources, and glad when
the end of the war enabled him to drop it. The war years
were not happy ones for a pure scientist and Barus labored
under the extra handicap of carrying a German name.

After the war Barus' courses suffered a considerable slump in
attendance and he finally gave up elementary teaching shortly
after reaching 60. Though he emphasizes in his memoirs his love
of teaching, it is clear that by 1918 the spontaneity had departed
and his elementary instruction had grown mechanical and un-
inspiring. He began to confine himself to his Deanship, his
research (which continued unabated) and his advanced courses,
the most successful of which was that in vector analysis which
actually amounted to an introduction to theoretical physics.
As a matter of fact he continued to teach this course with unfail-
ing zest after he became professor emeritus and indeed up to the
very year of his death.

After 1920 traveling became a hardship and Barus rarely
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if ever attended scientific meetings. He tended more and more
to withdraw into himself and those who wished to see him
had to visit him in his laboratory. At the same time he with-
drew also from active participation in the affairs of his own
department, leaving the details to his colleague and successor,
Professor A. deF. Palmer. During most of his tenure the
department consisted of the two professors and it does not
appear that Barus made any serious attempt to increase it; if
he did he was singularly unsuccessful. This is rather curious
since during this whole period, physics departments in other
institutions headed by men of his caliber made great strides.
Possibly this is another indication that Barus' real zest was for
his own research, also emphasized by the fact that he directed
almost no students for the doctorate. Administrative procedure
as such was distasteful to him, though he performed faithfully,
systematically and efficiently that which he was called upon to do.

In 1926 Barus attained the compulsory retiring age of 70
and became professor emeritus. The Corporation of Brown
University extended to him the privilege of laboratory space
and for a time he continued to carry on his investigations. But
the effort was rather taxing and the old fire was burning low.
He still came to the laboratory every day, read widely to keep
himself informed on the progress of physics, and enjoyed
thoroughly his lectures in vector analysis. As the slackening
of research provided more time he mellowed considerably in
his attitude toward casual visitors and would talk by the hour
with visiting colleagues about his reminiscences, which were
a delight to listen to. When he was in the mood he was a
brilliant conversationalist. His interests in the world about
him continued to be wide and deep to the very end of his life.
At the age of 60 he had taken up the study of Greek and
Italian and maintained a zeal for literature until his death. His
skill in music has already been referred to. Besides playing
the piano very well he also mastered in adult life the violin,
flute, clarinet, oboe, cornet, trumpet and trombone. Moreover
the number of his musical compositions reached 40. Many
of his former students well remember how he used to write
music while proctoring elementary tests. It will never be quite
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clear just what the nature of the artistic inspiration was on
such occasions!

In personal appearance, Carl Barus was tall with a sparely
knit frame. In later life he walked with a slight stoop but had
a good stride. As he walked across the campus with the cane
he invariably used he was a dignified figure that even an under-
graduate would stop twice to look at. Though not particularly
athletic he enjoyed swimming, boating and bicycling. In fact
swimming formed his chief recreation in the summers he
spent on Cape Cod during the last seven or eight years of his
life. Barus used to remark that smoking was his only vice.
He pursued it methodically. One rarely visited him in his
laboratory without finding him pipe in mouth. To avoid the
nuisance of matches, a small gas flame burned continually
within easy reach. The empty tobacco cans formed useful con-
tainers for small physical apparatus, and the usual thoroughness
was also displayed in the carefully kept accounts of the weekly
consumption, which were found among his papers after his
death.

Though Barus suffered considerably from insomnia in later
life, possibly connected with his tremendous mental energy, he
was rarely ill in the usual sense of the word and maintained a
reasonably good state of health until the summer of 1935 when
he had to undergo a serious operation. Progress was very slow
and he had just begun to show signs of definite recovery at his
home in Providence when death came suddenly with a cerebral
hemorrhage on September 20, 1935. With him there passed
away one of the ablest men ever to occupy a chair in Brown
University and one of America's distinguished scientists.

II. Scientific Research (i8/p-i()2p)

A complete assessment of Barus' contributions to physics is
beyond the scope of the present memoir but it seems desirable
to provide a brief summary of his principal scientific achieve-
ments. For convenience his research career may be divided
into three main periods: (1) geophysical research during his
service with the U. S. Geological Survey, probably his most sig-
nificant work; (2) investigation of condensation and ionization
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in the atmosphere begun with the U. S. Weather Bureau and
continued during the early years at Brown University; (3) de-
velopment and application of optical interferometry to a variety
of problems in light, electricity, gravitation and acoustics, car-
ried out during the latter part of his career at Brown. It will
be impossible here to do justice to the great many side branches
into which his insatiable curiosity led him from time to time.

As has already been indicated Barus' first geophysical work
consisted of a study of the electrical activity of ore bodies in
Nevada. So far as is known this represents the first physical
research conducted by the Survey and is a tribute to the perspi-
cacity of Clarence King in recognizing the importance of physical
methods in geology. Barus set out to determine the possibility
of locating the presence and approximate position of ore bodies
by measurements of electrical potentials in the surface. On the
whole the measurements were successful and represent a definite
advance over other work of similar nature" done earlier in the
nineteenth century. The investigations were not pursued fur-
ther, for Barus' interests were always in fundamental things
and not so much in applications. It is interesting to note, how-
ever, that the problem and its mathematical ramifications have
been taken up again seriously by geophysicists during the past
decade. Even before leaving Nevada, Barus carried out in
collaboration with G. F. Becker a series of observations on the
kaolinization produced by the action of hot water on feldspar.
In later years he returned to this problem in the consideration
of the compressibility of hot water in glass vessels in which the
solution of the glass in the water was a source of considerable
difficulty, but nevertheless led to interesting results having a
bearing on volcanic action.

Clarence King was very much interested in dynamical geology
and particularly in the age of the earth from the standpoint of
the thermal conductivity of rock. With his usual thoroughness
Barus mapped out an elaborate program for the study of the
thermal behavior of rock material both in the liquid and solid
states. He soon found it necessary, however, to precede this
with an investigation of high temperature measurement. In
1886 he completed the first rigorous comparison of platinum-
iridium and other platinum alloy thermocouples with the air
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thermometer over a range of some iooo°C. This fully con-
firmed the validity of thermoelectric pyrometry and established
the method as one of the greatest utility in high temperature
measurement. Here Barus definitely anticipated Le Chatelier,
who usually receives the credit for thermoelectric calibration.
Unfortunately the report of Barus' work in Bulletin 54 of the
Geological Survey, a book of 313 pages, did not see the light
until 1889, by which time much of Le Chatelier's work was well
known. The latter part of the report is devoted to the descrip-
tion of investigations of high temperature viscosity of gases and
its possible use in precision pyrometry. This was a bit of pioneer-
ing work which was not followed up.

An allied problem investigated at length at the same time was
the viscosity of solids. This followed appropriately from Barus'
thesis investigation at Wiirzburg on the properties of steel in
their dependence on hardness. Various workers in different
countries had studied the subject but there was considerable con-
fusion due to divergence in notation. Barus' investigation was
an elaborate attempt to obtain precise results and to unify the
field. He succeeded in showing the essential validity of Max-
well's theory of viscosity and in particular established the sig-
nificant metallurgical result that the phenomena associated with
temper in steel, considered as of the nature of a strain, follow at
once from Maxwell's theory. Barus was also led to attempt
the distinction between the various states of matter on the basis
of viscosity, which under fixed conditions of temperature,
pressure and strain remains constant in time for fluids, but which
for solids increases steadily under the application of constant
stress. All this was pioneer research of the highest order and
first importance in the field of metallurgy. Much of it was re-
viewed later in his Clark University lectures in 1909 on the
physical properties of the iron carbides.

The effect of high pressures also came into the picture, and
Barus busied himself much in the late eighties with devising
means for the production and accurate measurement of such
pressures, which he finally succeeded in carrying out up to 2000
atmospheres. With this and his high temperature equipment
he was able to embark on a long series of researches on the
thermodynamics of liquids. This would undoubtedly have been
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extended to more specific geological problems had not Barus'
tenure in the Survey been abruptly terminated in 1892. As it
was, his achievements in geophysics attracted international at-
tention, being favorably commented on by Lord Kelvin, among
others.

To the period of Barus' association with the Survey belongs
also some fundamental research on the nature of colloids. In a
paper with E. A. Schneider "Uber die Natur der kolloidalen
Losungen" (Zs. fur Physikalische Chemie," 8, 278, 1891), he
and his colleague definitely established that colloidal silver solu-
tion consists of an aggregate of extremely small particles of ac-
tual silver. This marked an important forward step in the study
of colloids.

Though Barus worked for the Weather Bureau for only one
year the studies begun during this engagement initiated a pro-
gram which, after an interruption of several years, formed his
major scientific interest from 1900-1910. The problem was to
study the condensation of water vapor in its dependence on the
size of the nuclei precipitating it. In particular the plan involved
gradually decreasing the size of the nuclei until they approached
the diameter of the water molecule itself, i.e. condensation taking
place in completely dust free air. Presumably Barus was the
first person ever to try deliberately to condense water vapor on
its own molecules. For this purpose he employed a carefully
controlled steam jet and estimated the size of the water particles
by means of the colors produced in the light scattered by the
particles. He definitely understood that the cooling involved in
the condensation is adiabatic, in its first stages at any rate, and
he seems definitely to have anticipated the important work of
C. T. R. Wilson in his famous paper of 1896. It is unfortunate
that he had to break off his experiments so abruptly, as he clearly
had his hands on one of the most important tools of twentieth
century physics. When he returned to the subject around 1900
the cream had been removed by the English investigators. The
cloud chamber had already been invented by Wilson and was
being increasingly used to study condensation as affected by
various ionizing means. Nevertheless, Barus was still fasci-
nated by the use of light scattering (coronas) in studying con-
densation and determined to follow up this field. For this
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purpose he found it advisable to use the fog chamber rather
than the cloud chamber. This is a vessel about 50 centimeters
long and 15 centimeters in diameter. It is connected through
a short but wide pipe to a large tank, which in turn is pumped
to a pressure about 30 centimeters below atmospheric pressure
while the fog chamber itself is kept at atmospheric pressure
by means of a large stopcock. On opening the stopcock sud-
denly the result is adiabatic expansion of the air in the chamber.
The fog produced is looked at against a bright source of light
illuminating the chamber transversely and the "fog limit" is
estimated from the first appearance of the diffraction rings.
Moreover, the number of condensation nuclei formed or the
extent of the nucleation can be estimated from the size of the
rings. With apparatus of this type Barus investigated over a
period of several years nucleation in the free atmosphere as
a function of season and discovered some interesting periodic-
ities. The effect of ionizing agents like X-rays and radio-
active materials was also studied. The first stages of this
research were reported at length in Barus' presidential address
to the American Physical Society at the end of 1905. This
work was rather roughly handled in "Nature" by C. T. R.
Wilson, who might be expected to display small sympathy for
systematic research with an instrument like the fog chamber
when he had developed in the cloud chamber one of so much
greater precision. His criticisms of Barus' results provoked a
controversy which was probably taken a little too seriously by
the American. In addition to the experimental uncertainties
of the fog chamber, it is a fact that Barus paid rather too little
attention to the role of ionization in nucleation. Along this
route the great discoveries in atomic physics were being made.
It is perhaps unfortunate that a physicist of Barus' stature was
unwilling to throw his research energy into the cooperative
venture which culminated in the modern theory of the consti-
tution of matter. It is clear, however, that already in the early
years of the new century, Barus was satisfied to play a lone
hand. This is reflected in the make-up of his papers. In
contrast to earlier procedure he began to omit all but the most
cursory reference to the work of other previous and contempo-
rary researchers, and his chief publications began to assume
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more and more the appearance of progress reports of his
own experiments without adequate summaries of the essential
results and their relation to those of other workers in the
same or allied fields. They thus became increasingly difficult
to read with discernment, even though there might be no ques-
tion about the manipulative and interpretative skill of the
experimenter. The writer is willing to hazard the guess that
very few have ever made a really careful study of Barus' four
memoirs on nucleation published under the auspices of the
Carnegie Institution from 1906-1910. Certainly one finds very
few references in present day literature to them, in marked
contrast to his earlier research on high temperature and high
pressure and their effects on the properties of matter. Yet
a study made in the Brown Physical Laboratory in 1936 indicates
that the fog chamber with certain simple improvements can
be made to give reliable results.

The year 1910 may for convenience be taken to mark the
beginning of the third and last stage of Barus' scientific activ-
ity. He then largely relinquished his work on condensation
and embarked on a program of miscellaneous research suggested
by the development of an ingenious displacement interferometer.
In its early simple form this consisted of a plane transparent
diffraction grating backed with a mirror. When light incident
on and reflected from the front surface of the grating (after
passing through the grating and being reflected by the mirror)
is examined in a telescope, interference fringes are observed
whose position is very sensitive with respect to any displacement
of the mirror. Later the apparatus was modified in such a
way that light from a single source reflected from two mirrors
(more or less as in the conventional Michelson interferometer)
is examined after passing through a plane transparent grating.
A displacement of one of the mirrors produces a shift in the
fringe system which can be used as a measure of the displace-
ment.

With this instrument in various stages of modification and
improvement over a period of some fifteen years, Barus investi-
gated an astonishingly large range of physical phenomena involv-
ing very small linear or angular displacements. Thus, as if
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he were unwilling entirely to tear himself away from his con-
densation problem, he applied his interferometer to the meas-
urement of the size of fog particles. Later he used the same
instrument for the measurement of ordinary and extraordinary
indices of refraction of doubly refracting crystals as well as
magneto-striction elongations in iron. There followed in rapid
succession (around 1914) the estimation of acoustic displace-
ments of telephone diaphragms, the index of refraction of air
at high temperatures, the accurate comparison of screws of
any length, a precision quadrant electrometer, the measurement
of changes of angular inclination of a pendulum as small as
3XI0"4 seconds of arc, etc.

The interferometer was later applied by means of an open
mercury manometer to precise pressure measurement, the pre-
cision stated by Barus being of the order of a few hundred
thousandths of a centimeter of mercury per fringe displace-
ment. This at once suggested the exploration of acoustic radi-
ation fields by means of a pin-hole probe connected to the
interferometer pressure gauge. This is probably the most pre-
cise non-electrical method of measuring acoustic pressure which
has ever been devised. Unfortunately it was never followed
up on a large scale by Barus and has been more or less neglected
by others. Barus' unwillingness to embark on pretentious
projects involving large financial layout and the use of numerous
assistants, also had much to do with the failure of his attempt
to apply displacement interferometry to a re-determination of
the Newtonian constant of gravitation. For a number of years
around 1920 he experimented with this problem and undoubt-
edly had in his hands an extremely precise method, but the
disadvantages of his laboratory situation, with inevitable and
largely uncontrollable temperature gradients, made his results
illusory.

It is perhaps worthy of note that the displacement inter-
ferometer has more recently been made by C. E. Bennett3 into
a high precision instrument for the measurement of the dis-
persion of gases as a function of pressure.

1 C. E. Bennett, Phys. Rev. 37, 263, 1931; 45, 200, 1934; 58, 263, 1940.
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It is difficult to avoid the feeling that practically all the
scientific work of Barus during the last dozen years culminating
in 1929 was of purely exploratory character, dictated by his
own fancies and interests and with little effort toward the
more precise development of his ideas. There can be no ques-
tion that he profoundly enjoyed what he was doing and that
it brought him more satisfaction than his teaching and admin-
istrative work. But he had reached the stage where he was
unwilling to go at things in a large way and seek financial
support for elaborate equipment. His autobiography indicates
a growing feeling through the twenties that he was out of touch
with the main trends of contemporary physics and that his sci-
entific career was about over. He must have realized with
growing misgivings that few persons any longer read his papers
with clear appreciation of what he was doing. It is futile to
quarrel with individual idiosyncrasies but one may be pardoned
for expressing the regret that during his long teaching career
Barus made little or no effort to build up graduate study in
physics, so that a succession of doctoral students could have
profited by his ingenuity and been stimulated by his drive. This
would have insured much greater attention to his later scientific
research and would have put the research itself on a firmer basis
with a more adequate exploitation of its features of ultimate
value. Such regrets are, of course, vain in the face of the record.
The holder of this record will go down in scientific history as a
great American physicist. That, with his insatiable curiosity,
unusual intuitive powers, extraordinary experimental skill, and
incredible capacity for work, he should have become an even
greater figure lies strictly outside the province of an admiring
biographer to stress.
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