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BIOGRAPHICAL MEMOIR OF JOSIAH WILLARD GIBBS.

Josiam WirLnarp Grsss was born in New Haven, February
11, 1839, and dicd in the same city on April 28, 1903; and
New ITaven remained his home during his whole life, for the
only long ahsence from it was that of his period of study in
France and in Germany which immediately followed his early
expericnce as a tcacher. Thus he was peculiarly identified
with the intellectual life of New IMTaven and of Yale University,
for no part of his education could have been regarded as unin-
fluenced by that ancient institution which, for the long period of
thirty-seven years, counted his father a member of its faculty
and which has always been dominant in shaping the methods of
the Hopking Grammar School, where his earlier studies were
pursued. From this school he entered college in 1854, and
received his bachelor’s degree in 1858 with a record of distine-
tion in Latin and in Mathematics. For five years after grad-
nation he pursued studies in his chosen fleld, acquired the
honor of a doctorate in 1863, and accepted an appointment as
tutor in Yale College. That he taught Latin for two years and
Natural Philogsophy for the third and last of the years in which
he retained thig position should not lead one to think that his
tastes at that time were unformed, nor that they were equally
divided between two fields of thought so diverse. It is to he
looked upon rather as a curious illustration of a former condi-
tion in our higher institutions of learning, when every distin-
guished graduate was supposed equally capable of teaching any
subject pursued by undergraduates. At the end of the period
of appointment he went to Europe for study, passing the winter
of 1866-7 in Paris and the following year in Berlin. In 1868
he was in Heidelberg; and he returned to New Haven in 1869.
Two years later he received an appointment to the professorship
of Mathematical Physics in Yale College, a position which he
retained until his death, ,

- DProfessor Gibbs, during his first year in this newly estab-
lished chair, had only two pupils, hoth now professors in
Yale University and both members of the Academy. In the
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choice of work for this little class he was absolutely untram-
meled either by precedent or by expressed preference of his
pupils; hence the character of his teaching possesses a peculiar
interest as an indication of the contemporary state of his scien-
tific development which, perhaps, would be sought in vain else-
where. The text of his choice was the Traité de Mécanique of
Poisson, and the works most frequently quoted were those of
Fresnel and of Cauchy. His lectures were for a considerable
period confined to an exposition of the theories of Fresnel con-
cerning diffraction, polarization, and the generalized laws of
reflection; hut this was followed by a remarkably interesting
general treatment of avaves, which, in successive chapters, was
applied to a discussion of various types, such as water waves and
those of light at the boundary in cases of total reflection. TLong
after this period one of his pupils extorted from him a condi-
tional promise that he would publish this work on waves in book
form, and it is much to be regretted that he never found a con-
venient time to do so; but there is little doubt that the in-
superable difficulties in the mechanical explanation of double
“refraction forced themselves upon his mind at this time and
turned his attention in a direction which led him later to his
powerful support of the electro-magnetic theory of light. Cer-
tain it is that at this period of 1871-2 Professor Gibbs showed
his chief interest in the domain of physical optics, and that his
inspirations from without were derived from the French school
of philosophers rather than from the German.

In the following year, 1872-3, Professor Gibbs chose a little
work by Clausius, on the potential theory, as the basis of his lec-
tures, a fact which is worth recording because it indicates that
he had become acquainted with the writings of a physicist whose
work he was shortly to extend in so remarkable a manner; for
it was in April and May of 1873 that he presented before the
Connecticut Academy the first of the papers on the mechanics
of heat which have established hig eminence for all time: and
the immediate object of the paper, entitled “Graphical Methods
in the Thermodynamics of Fluids,” was to exhibit the fruitful-
ness of the conception of entropy, infroduced by Clausius.

It is not a little singular that a man of such transcendent in-
tellectual gifts, and one whose tastes for physical science were so
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pronounced, should have exhibited no desire to publish the re-
sults of his studies until he had atfained such maturity; but
from this epoch until his death, few yvears passed without his
having contributed a paper of lasting importance cither to
physical scicnce or mathematics. erhaps the fact that the
name of Professor Gibbs did not recur with greater frequency
in carrent scientific literature caused some of his contemporaries
to hold a false opinion of his fertility, but an inspection of his
collected papers®™ would dispel every such impression. The ex-
haustive thoroughness with which every subject of his studies is
there treated, as well as the absolute extent of his longer papers,
imply vast and systematic industry.

The publication of these volumes brought forth many reviews
and critical comments on the life and works of this eminent
scholar from some of the leading physicisls of the world;t but
no one has been so advantageously situated or so successful in a
general review of the aims and scope of these recondite papers
as Professor Henry A. Bumstead. For years a follower of the
later lectures of Professor (fibbs, he became afterward a col-
leaguc and a joint editor with Dr. Ralph Gibbs Van Name of
the two volumes of collected papers; and it is not probable that
any later writer on this subject will be able to add greatly to the
extended and sympathetic review which prefaces the first volume
of the Scieniific Papers, nor would any admirer of the eminent
scientist desire 1o see it curtailed. It reads as follows:

*The Scientific Papers of J. Willard Gibbs. Longmans, Green &
Co., London, New York, and Bombay; 2 volumes, 8°, 1906,

' Reference may be specifically made to the following :

Professor Joseph Larmor, TLondon Times, Literary Supplement,
March 22, 1907.

Professor C. 8. Peirce, The Nation, January 7, 1007.

Professor J. H. Jeans, American Journal of Science, I'ebruary,
1907.

An unnamed writer in the Bulletin des Sciences Mathématique:
Aout, 1907.

Besides these appeared numcrous shorter notices in the current
journals of that year devoted to physics and to mathematics.

With this list might be mentioned the earlier memorial essay on
Josiah Willard Gibbs, by Professor €. Alasia, in the Revista di
Tisica, Mathematica, e Scienza Naturali; Pavia, 1905,
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It was not until 1873, when he was thirty-four years old,
that he gave to the world, by publication, evidence of his ex-
traordinary powers as an investigator in mathematical physics.
In that year two papers appeared in the Transactions of the
Connecticut Academy, the first being entitled “Graphical Meth-
ods in the Thermodynamics of Fluids,” and the second “A
Method of Geomectrical Representation of the Thermodynamic
Properties of Substances by Means of Surfaces.” These were
followed in 1876 and 1878 by the two parts of the great paper
“On the Equilibrium of Heterogencous Substances,” which is
generally, and probably rightly, considered his most important
- contribution to physical science, and which is unquestionably
among the greatest and most enduring monwnents of the won-
derful scientific activity of the nineteenth century. The first
two papers of this scrics, although somewhat overshadowed by
the third, ave themsclves very remarkable and valuable contribu-
tions to the theory of thermodynamics; they have proved useful
and fertile in many dircet ways and, in addition, it is difficult
to sec how, without them, the third could have heen written. In
logical development the three are very closely connected, and
methods first brought forward in the earlier papers are used
continually in the third.

Professor Gibbs was much inclined to the use of geometrical
illustrations, which he employed as symbols and aids to the
imagination, rather than the mechanical models which have
served so many great investigators; such models are seldom in
complete correspondence with the phenomena they represent,
and Professor Gibbs’s tendency toward rigorous logic was such
that the discrepancies apparently destroyed for him the useful-
ness of the model.  Accordingly he usually had recourse to the
geometrical representation of his equations, and this method
he used with great ease and power. With this inclination, it
is probable that he made much use, in his study of thermo-
dynamics, of the volume-pressure diagram, the ouly one which,
up to that time, had been used extensively. To those who are
acquainted with the completeness of his investigation of any
subject which interested him, it is not surprising that his first
published paper should have heen a careful study of all the
different diagrams which seemed to have any chance of being
useful. Of the new diagrams which he first described in this
paper, the simplest, in some respects, is that in which entropy
and temperature arc taken as codrdinates; in this, as in the
familiar volume-pressure diagram, the work or heat of any cycle
is proportional to its arvea in any part of the plane; for many
purposes it is far more perspicuous than the older diagram, and
it has found most important practical applications in the study
ol the steamn engine. The diagram, however, to which Professor
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Gibbs gave most aitention was the volume-entropy diagram,
which presents many advantages when the properties of bodies
are to be studicd, rather than the work they do or the heat they
give out. The chief reason for this superiority is that volume
and entropy are both proportional to the quantity of substance,
while pressure and tcmperature are not; the representation of
coexistent states js thus especially clear, and for many purposes
the gain in this direction more than counterbalances the loss due
to the variability of the scale of work and heat. No diagram of
constant scale can, for example, adequately represent the triple
state where solid, liquid, and vapor are all present; nor, without
confusion, can it represent the states of a substance which, like
water, has a maximum density; in these and in many other cases
the volume-entropy diagram is superior in distinctness and con-
venience.

In the second paper the consideration of graphical methods
in thermodynamics was extended to diagrams in three dimen-
sions. James Thomson had already made this extension to the
volume-pressure diagram by erecting the temperature as the
third coérdinate, these three immediately cognizable quantities
giving a surface whose interpretation is most simple from ecle-
mentary considerations, but which, for several reasons, is far
less convenicent and fertile of results than one in which the co-
ordinates arve thermodynamic quantities less directly known.
In fact, if the general relation between the volume, entropy
and energy of any body is known, the relation between the
volume, pressure, and temperature may be immediately deduced
by differentiation; but the converse is not true, and thus a
knowledge of the former relation gives more complete informa-
tion of the properties of a substance than a knowledge of the
latter. Accordingly Gibhs chooses ag the three codrdinates the
volume, entropy, and energy, and, in a masterly manner, pro-
cceds to develop the properties of the resulting surface, the geo-
metrical conditions for equilibrium, the criteria for its stamlity
or instability, the conditions for cocxistent states and for the
critical state; and he points out, in several examples, the great
power of this method for the solution of thermodynamic prob-
lems. The exceptional importance and beautv of this work
by a hitherto unknown writer was immediately recognized hy
Maxwell, who, in the last years of his life, spent considerable
time in carefully constructing, with his own hands, a model of
this surface, a cast of which, very shortly hefore his death, he
sent to Professor Gibbs.

One property of this three dimensional diagram (analogous
to that mentioned in the case of the plane volume-entropy dia-
gram) proved to be of capital importance in the development of
Gibbs’s future work in thermodynamics; the volume, entropy,
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and energy of a mixture of portions of a substance in different
states (whether in equilibrium or vot) arc the sums of the vol-
unes, entropies, and energics of the separate parts, and, in the
diagram, the mixlure is represented by a single point which may
be found from the separate points, representing the different
portions, by a process like that of {inding centers of gravity.
In general this point is not in the surface representing the stable
states of the substance, but within the solid bounded by this
surface, and its distance from the surface, taken parallel to the
‘axis of energy, represents the available encrgy of the mixture.
This possibility of representing the properties of mixtures of
different states of the same substance immediately suggested
that mixtures of suhstances differing in chemical composition,
as well as in physical stale, might be treated in a similar man-
ner; in a note at the end of the second paper the author clearly
indicates the possibility of doing so, and there can be little doubt
that this was the path by which he approached the task of in-
vestigating the conditions of chemical equilibrium, a task which
Lie was destined to achieve in such a magnificent manner and
with guch advantage to physical science.

In the discussion of chemically homogencous substances in
the first two papers, frequent use had been made of the principle
that such a substance will be in equilibrium if, when its energy
ix kept constant, its entropy cannot increase; at the head of the
third paper the author puts the famous statement of Clausius:
“Die Energie der Welt ist constant. Die Intropic der Welt
strebt einem Maximum zu.” e proceeds to show that the above
condition for equilibrium, derived from the two laws of thermo-
dynamics, is of universal applicalion, carefully removing one
restriction after another, the first to go being that the substance
shall be chemically homogencous. The important analytical
step is taken of introducing, as variables in the fundamental
differential equation, the masses of the constituents of the hete-
rogeneous body ; the differential cocfficients of the energy with
respect to these masses are shown to enter the conditions of
equilibrium in a manner entirely analogous to the “intensities,”
pressure and temperature, and these coefficients arc called po-
tentials.  Clonstant use is made of the analogies with the equa-
tions for homogencous substances, and the analytical processes
are like those which a geometer would usc in extending to
n-dimensions the geometry of three.

1t is quite out of the question to give, in brief compass, any-
thing approaching an adequate outline of this remarkable work.
Tt is universally recognized that its publication was an event of
the first importanee in the history of chemistry, that in fact it
founded a new department of chemical science which, in the
words of M. Te Chatclier, is hecoming comparable in importance
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with that created by Lavoisier. Nevertheless it was a number of
vears hefore its value was generally known; this delay was due
largely to the fact that its mathematical form and rigorous
deductive processes make it difficult reading for any one, and
especially so for students of experimental chemistry, whom it
most concerns ; twenty-five years ago there was relativ ely only a
small number of chemists who po«w%d sufficient mathematical
knowledge to read easily even the simpler portions of the paper.
Thus it came about that a numnber of natural laws of great im-
portance which were, for the first time, clearly stated in this
paper were subsequently, during its period of neglect, discovered
by others, sometimes from theoretical considerations, hut more
often by experiment. At the present time, how cver the great
value of its methods and results are fully roc-oorn]/od by all stu-
dents of physical chemistry. Tt was {ranslated into German in
1891 by Professor Ostwald and into Irench in 1899 by Professor
Le Chatelier; and, although so many years had passed since its
original publication, in both cases the distinguished translators
give, as their principal reason for undertaking the task, not the
historical interest of the memoir, but the many important ques-
tions which it discusses and which have not even yet been worked
out experimentally. Many of its theorems have already served
as slarting points or guides for experimental researches of fun-
damental congequence; others, such as that which gocs under
the name of the “Phase Rule,” have served to classify and ex-
plain, in a simple and logical manner, experimental facts of
much apparent complexity; “while still othors such as the theories
of calalysis, of solid solutions, and of the action of semi-perme-
able diaphragms and osmotic pressure, showed that many facts,
which had previously seemed mysterious and scarcely capable of
explanation, are in fact simple, direct, and mnccessary conse-
quences of the fundamental laws of thermodynamics. In the
discussion of mixtures in which some of the components are
present only in very small quantity (of which the most interest-
ing cases at present are dilute solutions) the theory is carried as
far as is possible from @ prior? considerations; at the time the
paper was written the lack of experimental facts did not permit
the statement, in all its generality, of the celebrated law which
was afterward discovered by van’t Tloff; but the law is distinctly
stated for solutions of gazes as a direct consequence of Henry’s
law and, while the facts at the author’s disposal did not permit
a further extension, he remarks that there are many indications
“that the law expressed by these equations has a very general
application.”

It is not surprising that a work containing results of such con-
sequence should have excited the profoundest admiration among
students of the physical sclences; but even more remarkable
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than the results, and perhaps of even greater service to science,
arc the methods by which they were attained; these do not de-
pend upon special hypotheses as to the constitution of matter or
any similar assumption, but the whole system rests directly upon
the truth of certain experiential laws which possess a very high
degree of probability. To have obtained the results embodied
in these papers in any manner would have been a great achieve-
ment; that they were reached by a method of such logical aus-
terity is a still greater cause for wonder and admiration. And
it gives to the work a degree of certainty and an assurance of
permanence, in form and matter, which is not often found in
investigations so original in character.

In lecturing to students upon mathematical physics, espe-
cially in the theory of electricity and magnetism, Professor
(+ibbs felt, as so many other physicists in recent years have done,
the desirability of a vector algebra by which the more or less
complicated space relations, dealt with in many departments of
physics, could be conveniently and perspicuously expressed; and
this desire was especially active in him on account of his natural
tendency toward elegance and conciseness of mathematical
method. He did not, however, find in Hamilton’s system of
quaternions an instrument alfogether suited to his needs, in this
respect sharing the experience of other investigators who have,
of late years, seemed more and more inclined, for practical pur-
poses, to reject the quaternionic analysis, notwithstanding its
beauty and logical completeness, in favor of a simpler and more
dirvect treatment of the subject. For the use of his students,
Professor Gibbs privately printed in 1881 and 1884 a very con-
c¢ise account of the vector analysis which he had developed, and
this pamphlet was to some extent circulated among those espe-
cially interested in the subject. In the development of this sys-
tem the author had heen led to study deeply the Ausdehnungs-
lehre of Grassmann, and the subject of multiple algebra in gen-
eral ; these investigations interested him greatly up to the time
of his death, and he has often remarked that he had more pleas-
ure in the study of multiple algebra than in any other of his
intellectual activities. Mis rejection of quaternions, and his
championship of Grassmann’s claim to be considered the founder
of modern algebra, led to some papers of a somewhat contro-
versial character, most of which appeared in the columns of
Nature. When the utility of his system as an instrument for
physical research had Dbeen proved by twenty vears’ experience
of himself and of his pupils, Professor Gibbs consented, though
somewhat reluctantly, to its formal publication in much more
extended form than in the original pamphlet. As he was at
that time wholly occupied with another work, the task of pre-
paring this treatise for publication was entrusted to one of his
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students, Dr. I. B. Wilson, whose very successful accomplish-
ment of the work entitles him to the gratitude of all who are
interested in the subject.

The reluctance of Professor Gihbs to publish his system of
vector analysis certainly did not arise from any doubt in his own
mind as to its utility, or the desirability of its being more widelv
employed ; it seemed rather to be due to the feeling that it was
not an original coutribution to mathematics, but was rather an
adaptation for special purposes of the work of others. Of many
portions of the work this is of course necessarily true, and it is
rather by the selection of methods and by systematization of the
presentation that the author has served the cause of vector
analysis.  But in the treatment of the linear vector function and
the theory of dyadics to which this leads, a distinet advance was
made which was of consequence not only in the more restricted
field of vector analysis, hut also in the broader theory of multiple
algebra in general.

Professor Gibbs was much interested in the application of
vector analysis to some of the problems of astronomy, and gave
examples of such application in a paper “On the Determination
of Elliptic Orbits from Three Complete Observations” (Memoirs
of the National Academy of Sciences, Vol. IV, Pt. 2, pp. 79-
104). The methods developed in this paper were afterwards
applied by Professors W. Beebe and A. W. Phillips* to the com-
putation of the orbit of Swift’s comet (1880 V) from three ob-
servations, which gave a very critical test of the method. They
found that Gibbs’s method possessed distinct advantages over
those of Gauss and Oppolzer, the convergence of the successive
approximations was more rapid, and the labor of preparing the
fundamental equations for solution much less. These two papers
were translated by Buchholz and incorporated in the second
edition of Klinkerfues’s Theoretische Astronomae.

Between the years 1882 and 1889, five papers appeared in the
American Journal of Science upon certain points in the electro-
magnetic theory of light and its relations to the various elastic
theories. These are remarkable for the entire absence of special
hypotheses as to the connection between ether and matter, the
only supposition made as to the constitution of matter being that
it 1s fine-grained with reference to the wave-length of light, but
not infinitely fine-grained, and that it does disturb in some man-
ner the electrical fluxes in the ether. By methods whose sim-

*Astronomical Journal, Vol. IX, 1889, pp. 114-117, 121-124.
383



NATIONAL ACADEMY BIOGRAPHICAI, MEMOIRS—VOL. VI

plicity and dircctness recall his thermodynamic investigations,
the author shows in the first of these articles that, in the case of
perfectly {iransparent media, the theory not only accounts for
the dispersion of colors (including the “dispersion of the optic
axes” in doubly refracting media}, but also leads to Fresnel’s
laws of double refraction for any particular wave-length without
neglect of the small quantities which determine the dispersion
of colors. He proceeds in the second paper to show that circular
and elliptical polarization are explained by taking into account
quantities of a still higher order, and that these in turn do not
disturh ihe explanation of any of the other known phenomena;
and in the third paper he deduces, in a very rigorous manner,
the general equations of monochromatic light in media of every
degree of transparency, arriving at equations somewhat differcnt
from those of Maxwell in that they do not contain explicitly the
dielectric constant and conductivity as measured electrically,
thus avoiding certain difficultics (especially in regard to metallic
reflection) which the theory as originally stated had encoun-
tered; and it is made clear that “a point of view more in accord-
ance with what we know of the molecular constitution of bodies
will give that part of the ordinary theory which is verified by
experiment, without including that part which is in opposition
to observed facts.”  Some experiments of Professor C. 8. Has-
tings in 1888 (which showed that the double refraction in Ice-
land spar conformed to Huyghens’s law to a degree of precision
far exceeding that of any previous verification) again led Pro-
fessor Gibhs to take up the subject of optical theories in a paper
which shows, in a remarkably simple manner, from clementary
considerations, that this result and also the general character of
the facts of dispersion are in strict accord with the electrical
theory, while no one of the elastic theories which had, at that
time, heen proposed could be reconciled with these experimental
results. A few months later, upon the publication of Sir William
Thomson’s theory of an infinitely compressible ether, it became
necessary to supplement the comparison by taking account of
this theory also. It is not subject to the insuperable difficulties
which beset the other elastic theories, since its equations and
surface conditions for perfectly homogencous and transparent
media are identical in form with those of the electrical theory,
and lead in an equally direct manner to Fresnel’s construction
for doubly-relracting media, and to the proper values for the
intensities of the reflected and refracted light.  But Gibbs shows
that, in the case of a fine-grained medium, Thomson’s theory
docs not lead to the known facts of dispersion without unnatural
and forced hvpotheses, and that in the case of metallic reflection
it is subject to similar difficulties: while, on the other hand, “it
may be said for the electrical theory that it is not obliged to in-
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vent hypotheses, but only to apply the laws furnished by the
science of electricity, and that it is difficult to account for the
coincidences between the electrical and optical properties of
media unless we regard the motions of light as electrical.” Of
all the avguments (from theoretical grounds alone) for excluding
all other theories of light except the electrical, these papers fur-
nish the simplest, most philosophical, and most conclusive with
which the present writer is acquainted ; and it seems likely that
the considerations advanced in them would have sufficed to firmly
cstablish this theory even if the experimental discoveries of
ITertz had not rendered such discussions forever unnccessary.

In his last work, “Elementary Principles in Statistical Me-
chanics,” Professor Gibbs returned to a theme closely connected
with the subjects of his carlicst publications. In these he had
been concerned with the development of the conscquences of the
laws of thermodynamics which arc accepled as given by experi-
ence; in this empirical form of the science, heat and mechanical
encrgy are regarded as two distinet entities, mutually convertible
of course with certain limitations, but essentially diffcrent in
many important ways. In accordance with the strong tendency
toward unification of causcs, there have been many aitempts to
bring these two things under the same category; to show, in fact,
that heat is nothing more than the purely mechanical energy of
the minule particles of which all sensible matter is supposed {o
be made up, and that the extra-dynamical laws of heat are con-
sequences of the immense number of independent mechanical
systems in any bodv—a number so great that, to human ohserva-
tion, only certain averages and most probable effects are percept-
ible.  Yet in spile of dogmatic assertions, in many elementary
books and popular expositions, that “heat is a mode of molecular
motion,” these attempts have not heen entirely successful, and
the failure has been signalized by Tord Kelvin as one of the
clouds upon the history of science in the nineteenth century.
Such investigations must deal with the mechanies of systems of
an immense number of degrees of freedom and (since we are
quite unable in our experiments to identily or follow individual
particles), in order to compare the results of the dynamical
reagoning with observation, the processes must be statistical in
character. The difficulties of such processes have heen pointed
out more than once by Maxwell, who, in a passage which Pro-
fessor Gibbs often quoted, says that serious crrors have been
made in such inquiries by men whose competency in other
branches of mathematics was unquestioned.

On account, then, of the difficulties of the subject and of the
profound importance of results which can be reached by no ofher
known metliod, it is of the utmost consequence that the principles
and processes of statistical mechanics should he put upon a firm
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and certain foundation. That this has now been accomplished
there can be no doubt, and there will be little excuse in the future
for a repetition of the errors of which Maxwell speaks ; moreover,
theorems have been discovered and processes devised which will
render easier the lask of every future student of this subject, as
the work of Lagrange did in the case of ordinary mechanics.
The greater part of the book is taken up with this general
development of the subject without special reference to the prob-
lems of rational thermodynamics. At the end of the twelfth
chapter the author has in his hands a far more perfect weapon
for attacking such problems than any previous investigator has
possessed, and its triumphant use in the last three chapters shows
that such purcly mechanical systems as he has been considering
will exhibit, to human perception, properties in all respects anal-
ogous to those which we actually meet with in thermodynamics.
No one can understandingly read the thirteenth chapter without
the keenest delight, as one after another of the familiar formula
of thermodynamics appears almost spontaneously, as it seems,
from the consideration of purely mechanical systems. But it is
characteristic of the author that he should be more impressed
with the limitations and impcrfections of his work than with its
successes ; and he is careful to say (p. 166) : “But it should be
distinctly stated that, if the results obtained when the numbers
of degrees of freedom are enormous coincide sensibly with the
general Jaws of thermodynamics, however interesting and signifi-
cant this coincidence may be, we are still far from having ex-
plained the phenomena of nature with respect to these laws.
For, as compared with the case of nature, the systems which we
have considered are of an ideal simplicity. Although our only
assumption is that we are considering conservative systems of a
finite number of degrees of freedom, it would seem that this is
assuming far too much, so far as the bodies of nature are con-
cerned.  The phenomena of radiant heat, which certainly should
not be neglected in any complete system of thermodynamics, and
the clecirical phenomena associated with the combination of
atoms, secm to show that the hypothesis of a finite number of de-
grees of freedom is inadequate for the explanation of the proper-
ties of bodies.” While this is undoubtedly true, it should also
be remembered that, in no department of physics, have the
phenomena of nature been explained with the completeness that
is here indicated as desirable. In the theories of electricity, of
light, even in mechanics itself, only certain phenomena are con-
sidered which really never occur alone. In the present state of
knowledge, such partial explanations are the best that can be got,
and, in addition, the problem of rational thermodynamics has,
historically; always been regarded in this way. In a matter of
such difficulty no positive statement should be made, but it is
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the firm belief of the present writer that the problem, as it has
always bcen understood, has been successfully solved in this
worle; and if this belief is correct, one of the great deficiencies
in the scientific record of the nineteenth century has been sup-
plied in the first year of the twentieth.

In method and results, this part of the work is more gencral
than any preceding treatment of the subject; it is in no sense a
treatise on the kinetic theory of gases, and the results obtained
are not the properties of any one form of matter, but the general
equations of thermodynamics which belong to all forms alike.
This corresponds to the generality of the hypotheses in which
nothing is assumed as to the mechanical nature of the systems
considered, except that they are mechanical and obey Lagrange’s
or Hamilton’s equations. In this respect it may be considered
to have done for thermodynamics what Maxwell’s treatise did
for electromagnetism, and we may say (as Poincaré has said of
Maxwell) that Gibbs has not sought to give a mechanical expla-
nation of heat, but has limited his task to demonstrating that
such an cxplanation is possible. And this achievement forms a
fitting culmination of his life’s work.

Although the foregoing review demonstrates a wvast amount
of work, one must not conclude that it is an exhaustive catalogue
of Professor (Gibbs’s activities. He is known to have made two
interesting inventions in applied mechanics—one a brake for
railway cars, which was patented,* and another, a type of gov-
ernor of a higher order of approximation to astaticism than any
of its predecessors, which was constructed in the machine shop
of the Sheffield Scientific School and constifutes a valued appa-
ratus in the collection of the Department of Physics. These inci-
dents are quite sufficient to demonstrate that the inventor pos-
sessed all the mental qualifications necessary for a successful ex-
perimenter, and to render one curious as to why none of his pub-
lished works includes any deductions founded upon experimental
investigations of his own. Doubtless the reason is to be found in
the fact that he was living in a period of intense activity in ex-
perimental research and record, so that he found abundant malte-
rial alrcady at hand to supply the quantitative data upon which
he based his philosophical deductions. When this was wanting,
however, no one in the circle of his intimates could doubt his
apacity for supplying a deficieney by his own ecfforts.  When

*U. 8. Patent, No. 53971, April 17, 1866.
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he was engaged upon his recondite analysis of the elastic theories
of light he found what looked like a possible way of eluding the
very great difficulties which come from the apparent non-existence
of The compressural wave system ; the tentative explanation, how-
ever, involved the occurrence of certain phenomena in specular
reflection which had never heen scen or, at least, recorded.  As
it did not geem to him that such negative evidence was conclu-
sive, he constructed an apparatus with his own hands so perfectly
adapted to the end in view that his obscrvations afforded the
proof sought. A striking light is thrown upon the character of
the great physicist by the fact that no refercnce to this theory,
which must have cost much eritical study, appears in his
writings, nor is it known that any one except the present writer
ever saw the apparatus and made the experiment for which it
was designed.  Tts only lasting effect was to add to the convie-
tion, not at that time invincible, that the eleciromagnetic nature
ol light must be accepted as a verity.

As amember of the faculty of Yale University, Professor Gibhs
constantly exhibited his interest in his work as an educator and
manifesied a reasonableness in his opinions no less striking than
their oceasional originality. With a perfectly courteous attitude
toward those who differed from him, he never hesitated fo ex-
press his views with exiraordinarily clear logic and admirable
diction. The severest criticisms of his colleagues were that his
views were so broad, his opinions concerning important questions
so carelully thought out and so judicial, that he often lacked the
essential qualities of an advocate.  His prefercnces in a proposed
course of action were always obvious; but he could never blind
himself to the advantages of a different course, and he seemed
impelled {o argue the affair as candidly with his associates as he
did with himself. To one who knew his intcllectnal methods in
pursuing a truth in the domain of physics, it was beautifully
obvious that he did regard the administrative labors of a college
faculty as a department of the cxact sciences. When it became
his duty to express an opinion on the merits of a candidate for
higher academic honors, he was always kindly ; he seemed as in-
:apable of entertaining a very severe judgment of the intellectual
deficiencies of a student as he was of holding his own achieve-
ments 1oo highly., Fortunately, in his later life, at least, he had
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little to do with the inevitable disciplinary work of the college;
but had he been called upon, we are sure that his tendency would
always have been to err, if at all, upon the side of clemency.

It will surprise no reader of the numerous biographical notes
concerning Professor (1ibbs to learn that a man of so judicial a
temperament was a very successful man of affairs. Happily for
scicnce, his position in the University was not such as to render
that fact conspicuous, else he might have been called upon for
work which, in view of his consciousness and inherent modesty,
could easily have seriously interfered with his scientific pursuits.
He did, however, give his services as a trustee to the affairs of
the Hopking Grammar School of New Haven, and he acted for
many years as treasurer of its funds, which had come down in
part from colonial times.

Nothing is more difficult in a hiographical memoir than to
give to the reader a definite impression of the personal charac-
teristics of an eminent man, of those characteristics which make
the man in the cyes of such of his contemporaries as are unable
to estimate him by his works. On the other hand, there is no
more legitimate curiosity than that which prompts us to seek
such information about a man who has impressed himself upon
his times'by his essential greatness. In many cases a mere
accumulation of incidents in the life of one who has numerous
points of contact with his fellow-men is all that is necessary for
a discerning reader; but with one whose activities are chiefly
intellectual this is often difficult, and particularly so with Pro-
fessor Gibbs, who seems never to have sought or desired a wide
circle of acquaintances. But we should greatly err if we con-
cluded from this that Mr. Gibbs was of an unsocial nature. To
me he always appeared quite the opposite—perfectly friendly
and approachable, ready to talk on any subject, and always
equable, he exhibited a flattering welcome to every friend. Effu-
siveness was as foreign to his nature as insincerity, but cordiality
was never wanting. He laughed readily and possessed a lively
sense of humor. Though rarcly speaking of himself, he occa-
sionally borrowed an example or an illustration from his personal
experiences. One may be recorded here, not only because of his
enjoyment of its humor, but because his great papers on thermo-
dynamics, which have brought him undying fame, were first pub-
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lished by the scientific society which received the curious criti-
cism. A professor at the University of Berlin expressed to Mr.
(iibbs, when he was there in 1868 attending various lecture
courses, an interest in the Conmnecticut Academy of Arts and
Scicnces at New Ilaven. Mr. Gibbs gave the information de-
manded and casually stated that he himself was a member.
This prompted the German scientist to the remark that “its
memberships appear to be pretty freely bestowed.” In the minds
of students of recent history of science this story must awaken
singular reflections, of which the humorous aspects would, per-
haps, not be the most enduring. Still, although keenly alive to
the pleasures of social intercourse, no one ever lived who was less
dependent upon it. He seemed to have absolutely boundless
resounrces within his own mind which would meet every want,
whether for work or for pastime, and it was inevitable that such
an exalted intellect should live much alone.

No qualities of Professor Gibbs impressed his sympathetic
associates and his pupils more than his serenity and apparent
unconsciousness of his intellectual eminence. Thoroughly char-
acteristic and delightful is the remark which he once made to an
intimate friend concerning his abilities as a mathematician. He
said, with perfect simplicity and candor, “If I have had any
success in mathematical physics, it is, I think, because I have
been able to dodge mathematical difficulties.”

Josiah Willard Gibbs was a member of a family which had
long been distinguished for its scholars. He was descended from
Robert Gibbs, the fourth son of Sir Henry Gibhs, of Honington,
Warwickshire, who came to Boston about 1658. One of Robert
Gibbs’s grandsons, ITenry Gibbs, in 1747 married Katherine,
daughter of the ITon. Josiah Willard, secretary of the Province
of Massachusetts. Of the descendants of this couple, in various
parts of the country, no fewer than six have borne the name
Josiah Willard Gibbs. On his father’s side we find an unbroken
line of six college graduates. Five of these were graduates of
Harvard—Pregident Samuel Willard, his son Josiah Willard,
the great-grandfather, grandfather, and father of the elder Pro-
fessor Gibbs, who was himself a graduate of Yale. Among his
mother’s ancestors were two more Yale graduates, one of whom,
Rev. Jonathan Dickinson, was the first president of the College

of New Jersey.
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Many learned societies and universities have conferred their
honors upon Professor Gibbs in recognition of his great services
to science. The list of academies and societies of which he was
a member includes the Connecticut Academy of Arts and Sci-
ences, the National Academy of Sciences, the American Philo-
sophical Society, the Duteh Society of Sciences, Haarlem; the
Royal Society of Sciences, Gottingen; the Royal Institution of
Great Britain, the Cambridge Philosophical Society, the London
Mathematical Society, the Manchester Literary and Thilosophi-
cal Society, the Royal Academy of Amsterdam, the Royal Society
of London, the Royal Prussian Academy of Berlin, the French
Institute, the Physical Society of London, and the Bavarian
Academy of Sciences. He was the recipient of honorary degrees
from Williams College, and from the universities of Krlangen,
Princeton, and Christiania. In 1881 he received the Rumford
Medal from the American Academy of Boston, and in 1901 the
Copley Medal from the Royal Society of London
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