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Jostam WiLrakp Gisss was born in New Ilaven, Connecti- |
cut, February 11, 1839, and died in the same eity, April 28,
1903, He was descended from Robert Gibbs, the fourth son
of Sir Henry Gibls of IHonington, Warwickshire, who came
to Boston abont 1658. One of Robert Gibbs’s grandsons,

‘Henry Gibbs, in 1747 married Katherine, dauehter of the Hon.
) ! y )

Josinh Willard, Seeretary of the Provinee of Massachusetts,
and of the deseendants of this couple, in various parts of the
country, no fewer than six have borne the name Josiah Willard

. Gibbs, . :

The subjeet of this memorial was the fourth child and only
son of Josiah Willard Gibbs, Professor of Sacred Literature in
the Yale Divinity School from 1824 to 1861, and of his wife,
Mary Anna, daughter of Dr, Van Cleve of Princeton, N: J.
The elder Professor Gibbs was remarkable among his contem-
poraries for profound scholarship, for unusual modesty, and for
the conscientious and painstaking accuracy which characterized
all of hiis published work. The following brief extracts from
a discourse commemorative of his life, by Professor George P.
Fisher, can hardly fail to be of interest to those who are familiar

K the work of his distinguished son: “One who should look

simMy at the writings of Mr. Gibbs, where we meet only with

naked, laboriously -classified, skeleton-like <tatements of scien-
tiic tfuth, might judge him to be devoid of zeal even in his
favort\e pursuit.” But there was a deep fountain of feeling
that dil not appear in tliese curiously elaborated essays. . . . .
Of the'science of eomparative grammar; as I am infornied by
those most competent to judge, he is to be eonsidered in rela-
ton to the scholars of this country as the leader.” Again, in.
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188 Jos‘z'a/z Willard Gz'&bs.

speaking of his unfinished translation of Gesenius's Hebrew -

Lexicon: * But with his wonted thoronghness, he could not
leave a word until lie had made the article upon it perfeet,
sifting whatothe author had written by independent investiga-
tions of his own.” '

s son entered Yale College in 1854 and was graduated in
1858, receiving during his college course several prizes for
excellence in Latin and Mathematies; during the next five
vears lie continued his studies in New Haven, and in 1863
received the degree of doctor of philosophy and was appointed
a tutor in the college fora term of three years. " During the

“first two years of his tutorship he taught Latin and in the thid

vear Natural Philosophy, in both of which subjects he had
gained marked distinetion as an undergraduate. At the end
of his term as tutor he went abroad with his sisters, spending
the winter of 1366-67 in Paris and the following year in Ber-

. . LY
lin, where he heard the lectures of Magnus and other teachers

of physies and of mathematies. In 1868 lic went to Heidel-
berg, where Kirchhoff and Ilelmholtz were then stationed,

" returning to New ITaven in June, 1869, Twa vears later he
- was appointed Professor of Mathematieal Physicg in Yale Col-

lege, a position which he held until the time of his'death.

It was not until 1873, when he was thirty-four vears old,
that he gave to the world, by publication, evidence of his
extraordinary powers asan invéstigator in mathematical physies.
In that year two papers appeared in the Transactions of the

- Connecticut Academy, the first being entitled * Graphieal
Methods in the Thermodynamies of Floids,” and the second

A Method of Geometrical Representation of the Thermody-
namic Properties of Substances by Means of Surfaces.”  These
Were followed:in 1576 and 1878 by the two parts of the great
paper “On the Equilibrium of Ileterogencous Substances,”
which is generally, and probably rightly, considered his wost
important contribution to physieal seicnee, and which is unques-
tionably among the griatest and® most enduring monuments
of the wonderful =cicntifie activity of the nineteenth ventury.
The first two papers of this series, although somewhat over-

- shadowed Dby the third, arc themselves very remarkable and
luable contributions to the theory of thermddynamices ; they -

have proved uscful and fertiler in many direet” wats and, in
addition, it is difficult to sce how, without them, the third conld
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served so many ereat investigators; such models are seldom in
complete correspondence with the phenomena they represent
and Professor Gibbs's tendeney toward rigorous logic was such
that the diserepancies apparently destroyed for him the useful-
ness of the model. Accordingly he usually had recourse to the
geometrical representation of his cquations, and this method
he used with great ease and power.  With this inelination, it
is probable that he made muel use, in his study of f.hcm,lo-
dynamies, of the volume-pressure diagram, the only one which
up to that time, had heen used e,\‘tengi\'el‘y. To those who m'é
acquainted with the completeness of his investioation of any
subject which interested him.. it is not snrprisinghtlmt his first
published paper should have been a careful study of all the
different diagrams which secied to have any chance of being
useful. — Of the new dingrygns which he firdt deseribed in this

- paper, the simplest, in some Tespects, is that invwhich entropy and

temperative are taken as cobrdinates ; in this, as in the familiar
volufue-pressure diagram, the work or héat of any evele is
proportional to its arca in any part of the plane; for many
purposes it is far more perspicuous than the older diagram, and

it has found most important practieal applications in the study

of the: steam engine. The diagram, however, to which Pro-
fessor Gibbs gave most attention was the ..volumb-entropv dia-
gram, which presents many advantages when the properties of
bodies are to e studied, vather than the work: they do or.the
heat they give out. The chief reason for this snperiority is
that volume and entropysare both proportional to the (quantity |
of suh'stnm'c, while pressare and temperatnre are nat ; the repre-
sentation of coexistent states is thus especially clear, and for
many purposes the gain-inthis dircetion more than counter.
bal:mcw't]w loss due to.the variability of the scale of work and
heat. No diagram of constant seale can, for example, ade-
quately represent the triple state where solid, liquid and vapor
are all present; nor, withont confusion, can it represent the

states of a substance whicl, like water, has a maximum density ;
in these and in many other cases the volume-entropy diagram

18 superior in distinetness and convenience.” -~
In theseeond paper the consideration of graphieal methods -

‘i thermodynamies was extended to diagrams in thrée dimen-

sions. James Thomson had already made this-extension to the.
volume-pressure diagram by erceting the temperature as. the
A o 1 TR

“have beerrwritteiis T Togieal dovelopinent the €ifoe Gre very

closely connected, and methods first brought forward in the
carlier papers are used continually in the third. ‘ .

Professor Gibbs was much inclined to the use of geometri-
cal illustrations, which he employed as symbols and aids to the
imagination, rather than the mechanical models which have

e om —— . 3 .

Wird eordinate, these three iminediately cognizable quantities
gving a surface whose interpretation is most simple from ele-
mentary considerations, hut whieh, for several reasons, is far

less convenient and fertile of results than one in which the

cobrdinates are thermodynamic (quantities less direetly known.
n fact, it the general relation between the volume, entropy
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and energy of any body is known, the relation hotween the
volume, pressure and temperature may be immediately deduced
by differentiation ; hug the converse is not trwe, and thus a
l}'nowlcdgc of the formpr relation gives more complete infor-
mation of the propertigs *of a =ubstance than a knowledge of
the latter.  Accordingly Gibbs ehooses s the three coordinates
the volume, entropy and cnergy and. in a masterly manner,
proceeds to develop the properties of the rcsulrih:‘g Slill‘f:l‘('c. the
geometrieal conditions for equilibrium, the eriteria for its sta
bility or instability, the conditions for coexistent states and for

the critical state; and he points outein several examples, the

great power of this method for the <olution of ﬂl(')'lll(Nl‘\'l!:lmi(t
problems.  The  exceptiomal importance and beauty of this
work by a hitherto unknown writer was immediately recognized
by Maxwell, who. in-the Jaxt years of his life, spent considerable
time in carcfully constructing, with his own hands, @ model of

this surface, a cast of which, very shortly before his death, he

sent to Professor (Fihls,

One property of this three dimensional diagram (analogous’

to that mentioned in the ease of the plane volume-entropy
diagram) proved to be of capital inportance in the develop-
ment of Gibhs's future work in thermodynamies: the volume,
entropy and energys of aomixture of portions of a substanee
in different states (whether in cquilibrivm or not), are the sums
of the volinnes, entropies and energies of the separate parts,
and, in the dingram, the mixture is represented by a single
point whiclt may he found from the separate points, represent-
ing the different portions, by a process like that of finding

centers of gravity. .. In general this point is not in the surface

representing the' stable states of the substance, but within the
sotid bounded by tliis surface, and its distance from the surface,
taken parallel to the axis of energy, represents the available
energy of the mixture,  This possibility of representing the
properties of mixtures of different states of the smne substance
immediately suggested that mixtures of. substanees differing in
chemical composition, as well- as in physical state, might he
treated in a similar manuer; in a note at'the end of the seeond
paper the author clearly indieates the possibility of doing so,
and there can be'little doubt that this was the path by wlieh
he approached the task of investigating the conditions of

chemieal equilibrium, a task which he was destined to _achieve

st T I RE TG A e N d ~with, suelr advantage to

physical science. )
In the discussion of chemieally homogencous substances i
the first two papers, frequent use had been made of the prin-

ciple that such a substance will be in equilibrium if, when its .
-energy is keépt eonstant, its entropy cannot inerease: at the
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head of the third paper the author puts the famous statement
of Clansins: “Die Energie der Welt ist constant.  Die Entropie
der Welt strebt cinem” Maximum zu.” e proceeds to show .
that the above condition for cquilibrium, derived from the two
laws of thermadynamies, is of universal application, earefully
removing one restriction after anofher, the first to go being
that -the substance shall - be chemically homogeneous,  The
important analytical step is taken of introducing, as variables
i the fundamental differential equation,, the masses of the
constituents of the heterogeneous body ; the differential ‘coct-
ficients of the energy with respect to these masses are shown
to enter the conditions of equilibrium in 2 manner entirely
analogons to the ¢ intensities,”” pressure and temperature, and
these coetheients are ealled potentials,  Clonstant use is made
of the analogios with the equations for hongpeencous sub-
stances, and the analytieal processes are like “those which a
geometer wounld use in extending to z-dimensions the geone-
try of three. ‘ - ‘
[t is quite ont of the question. to give, in hrief eompass,
anything approaching an adequate outline of this remarkable
work. It s universally recognized that its publication was an
event of the first importance in the history of chemistry, that
i fact it founded a new department of chemical. seience
which, in the words of M. Te Chatelier, is hecoming compar-
able in importance with that ereated by Lavoisicr.  Neverthe-
less it was o number of years bhefore its value was generally
known: this delay “was due largely to®the fact that ifs
mathematical form “and vigorous deduetive processes make it
difticult reading for any one, and especially so for students of
experimental chemistry whom it most coneerns ; twentv-five
years ago there was relatively only a small number of chemists
who possessed sntheient mathematical knowledge to read easily
even the simpler portions of the paper.  Thus it eame about
that a number of natural laws of great importanee which were,

o for the first time, clearly stated in this paper were subse-

quently, during its period of neglect, discovered by others,
sometimes from theoretical considerations, but more often by
experiment. At the present time, however, the great value
of its methods amid results are fully recognized by all “students
of physi cal ehemistey. It was translated—n to-Gernmrin 1891

by Professor Ostwald and into Freneh in 1899 by Professor

Le Chatclier and, although so many vears had passed since
s original publication, in hoth cases the distinguished trans-
lators “wive, as their principal reason for undertaking the task,
not-the historical interest of the memoir, but the wmany
mportant questions which it discusses and which have not
even yvet been worked out cexperimentally.  Many of its
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192 Josiah Willard Gibbs.
theorems have already served as starting points or guides for
experimental researches of fundamental consequence ; others,

- such as that which goes under the name of the * Phase Rule,” "

have served to classify and explain, in a simple and logical
manner, experimental facts of .nuch apparent complexity ;o
while: still others, such as the theories of catalysis, of solid
solutions, and .of the action of semi-permeable . diaphragifis
and osmotic pressure, showed that many faets, which had
previously seemed mysterious and scarcely eapable of explana.
tion, are in fact simple, direct and necessary epnsequences of
the fundamental Taws of thermodynamics. Tn the discussion
of mixtures in which some of the components are present only

~in very small gnantity (of whieh the most interesting cases at
present are dilute solutions) the theory is carried as far as i
possible from @ priori 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 vaw't off'; hut the law is dis-
tinetly stated for solutions of wases as a direet consequence of
Henry’s law and, while the facts at the author's disposal did
nat 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 resalts of. sugh -
consequence should have excited the profonndest admiration
among students of the physical ‘seiences; but even more
remarkable than the results, and perhaps of even greater |
service to sciénge, are the methods by which tliey” were*
attained ; these do not depend npon speeial hypotheses as to
the constitution of matter or any similar assumption, but the
whole system rests directly upon the trath of certain experi-
ential laws which possess a very bigh degree of probalulity.
To have obtained the results embodicd in these papers in any
"manner would have been a great aehievement 3 that they were
reached by a method of such logical austerity-is a still greater
cause for wonder and admiration,  And it ives to the work
a degree of certainty and an assurance of permanence, in form
and matter, which is not often found in investigations so origt
inal in"character. | - s .

v

K
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account of his natural tendeney toward elegance and concise-
ness of mathematical method. He did not, however, find in.
Hamilton’s system of quaternions an instrument altogether
suited to Lis needs, in this respeet sharing the experience of

_other investigators who have, of late Years, seemed more and

more inclined, for practical purposes, to reject the quater-
nionic analysis, notwithstanding its beauty and logical com-
pleteness, in favor of a’simpler and more dircdet treatment of
the subjeet. - For the use of his_students, Professor Gibbs
privately printed in 1881 and 1884 g very concise account of

the vector analysis which he had developed, and this pamphlet
was to some extent circulated among those especially inter-
eged in the subject. .In the developinent of this system the.
author had been led to study deeply the Ausdehnungslehre of
Grassmann, and the subject of multiple algebra in general;
these -investigations interested him greatly up to the time of
his death, and he has often remarked that' he had more plea-
sure in the study of multiple algebra than in any other of hig
intellectual activitics. Ilis rejection of quaternions, and liis
championship of Grassmann’s claim to be considered the
founder of modern algebra, led tosome papers of a somewhat
controversial character, most of which appeared in the columns
of “ Nature.”  When' the utility of his system as. an instru-
ment for physical researeh had” been proved by twenty years'
experience of himself and of his pupils, Professor Gibhs con-
sented, though somewhat reluctantly, to its formal publication in
much more extended form than in the original pamphlet. As
he was at that time wholly ocenpied, with another work, the

task of preparing this treatise for publication was entrusted to

one of Lis students, Dr. E. B. Wilson, whose very sueccessful
accomplishment of the work entitles him to the gratitude of
‘all who are interested in the subject.

The reluctance of Professor Gibbs te publish his systen 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
widely emploved ; it seemed rather to he due to the fecling
that it was not an original contribution 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
necessm'ibj__g;fggL_m_L(Lif.ﬂjs,..mthen..J_)y..the—seleetri(m-vf-mmétlmds*

A..;..A_...._.__.—-»-----Iu-]eetﬂurii1g-tdmtdcms“rq3’«’»‘1‘1“'i'ii':i'fli’é’yﬁ?{fi'éﬂ"']—)Tiyéféﬁs”, especi-

ally in the theory of electricity and magnetism, Professor
- Gibbs felt, as so many other physicists in recent years have _
done, the desirability of a vector algebra by whieh the more.or
less complicated space relations, dealt with in many depart-
mments of physics, could he conveniently and perspicuotsly
expressed ; and this desire was especially active in him on

and by systematization of the presentation that the author has
served the cause of weetor analysis, But in the treatmept of
the Hucar vector funetion and the theory of dyadies to which
this leads, a distinet advance. was made which was of conse-

" quence not only in the more restricted field of vector analysis,

v

but also in the broader theory of multiple algebra in general.
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The theory of dyadics* a$ developed in the vector analysis
of 1884 must be regarded as the most important published
contribution of Professor Gibbs to pure mathematies. Ior
the vector analysis as an alyebra does not fulfill the detinition
of -the linear ‘associative algebras of Benjamin Peiree, sinee
the scalar product of vectors lies outside the veetor domain;
nor is it a geometrical analysis in the sense of G rassmann, the
veetor product satisfying the combinatorial law, but yielding
a veetor instead of a magnitude of the second order.” While
these departures from the systems mentioned testify to the
great ingenuity and originality of the anthor, and do not

< Impair the utility of the system as a tool for the use of
students of physies, they nevertheless eXpose the diseipline to
the criticism of the pure algebaist.  Such objection falls to
the ground, however, in the case of the theory mentioned, for -
dyadies yield, for » =3, a linewr associative algebra of nine
units, namely nonions, the general nonion satisfying an identi-
cal equation of the third degree, the Hamilton-Cayley equation.

It 1s easy to make clear the precise point of view adopted
by Professor Gibbs in this matter. THliS;iS well expounded
in his vice-presidential address on multiple algebra, before the
American Association for the Advancement of Science, in
<1886, and also in his warm - defense of Grassmann’s priority
rights, as against - Hamilton's, in his article in - Nature,
“Quarternions and the - Ausdehnungslehre.”  He points out
that the key to matricular algebris is to be found in the open
(om indeterminate) product (i, . a product in which no equa-
tions subsist between the factors) and, after calling attention
to the brief development of this product in Grassmann's work
of 1844, athirms that Sylvester's assighment of the date 1858
to the “recond hirth of Algehra™” (this Deing the year of Cay-
ley’s Memoir on Matrices) must be changed to 1844, Grass-
mann, however, aseribes very little importance to the open .
product, regarding it as offering no .useful applications. On
the contrary, Profegsor Gibbs assigns to it‘the first place in the
three kinds of multiplication considered in the Ausdehnungs-
Iehre, since from it may be. derived the algebraic and the
combinatorial products, and shows in fact that both of them
"may be expressed in terms of indet@yuinate products. Thus
the multiplication rejected by Grassmanmn becomes, from the

B ..’EE?'EQP_Q‘_@“Qf: ,lf.l.'f?i‘@fi()_.l‘_(jjhbs,-.Lhek-kay_ﬂ.to. .all..others.—The-—-

originality of the Jatter's treatment of the algebra of dyadics,
as contrasted with the methods of other authors in the allied
theory of matrices, consists exactly in this, that Professor
Gibbs regards a matrix of order a5 a multiple quantity in »’

* For the fo]]o{ving account of the inathematical relations of this theoi‘j‘,the
writer is indebted to Professor Percey F. Smith. : o

v
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units, ecach of which is an indeterminate product of two
factors.  On the other hand, C. 8. Peiree, who was the first to
recognize (1870) the quadrate linear associative algebras identi-
cal with matrices, uses for the units a lefter pair, but does not
regard this combination as a product. . In addition, Professor
Gibbs, following the spirit of Grassmann’s system, does. not -
continu hindgelf to one kind of multiplication of dyadies, ag do
Hamilton andPeirce, but considers two sorts, both originating
with Grassmann. Thus it may be said that qu.drate, or
matrieular algebras, are brought entively within the wonderful
system expounded by Grassmann in 1844,

A% already remarked, “the exposition of the theory of
dyadies given in the vector analysis is not -in accord “with
Grassmann’s system.  In a footnote to the address referred
to above, Professor Gibbs shows-the slight modification neces-
sary for this purpose, while the subject has been treated i detail
and in all generality in Lis lectures on multiple algebra deliv-

" ered for some years past at Yale University,

Professor Gibbs was much interested in” the applications of
vector analysis to some of the problems of astronomy, and
more than onee he ealled attention to the great saving of labor
which the use of this method would cause in sich subjects as
the “determination of an orbit from three observations, the
differential equations which are used in determining the best
orbit from an indefinite number of observations by the method
of least squares, or those which give the perturbations when
the elements are treated as variable.

Between.the years 1882 and 1889, five papers appeared in
this Journal upon certain points in the clectromagnetic theory
of light and its relations to the various clastic theories. ~ These -
are remarkable for the entire absence of speciathypotheses as
to the connection between ether and matter, the onls—s
tion made as to the constitution of matter heing that it-is fine-,
grained with reference to the wave-leigth of light, but not infin:
itely fine-grained, and that it does disturh in some manner the
electrical fluxes in the ether. By methods whose simplicity and

directness recall his thermodynamic investigations, the author . |
- shows in the first of these articles that, in the case of perfectly

transparent media, the theory not only accounts for the disper-

—siottvi-colors(inelwding tie ~dispersion of tie OpEie ANes 7

doubly refracting media), but also leads to Fresnel's laws of
double rrefraction for any particular wavelength without
neglect of the small quantities which determine the dispersion
of colors.. e proceeds in the second paper to show that circu-
lar and elliptical - polarization are. explained by taking into
account quantitics of a still higher -order, and that these in turn

a
ko
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do mot disturb the explanation of any of the other known

phenomena ; and in the third'paper he deduces, in a very rigor-

ous maunner, the géneral equations of monochromatic light in

" media of every degree of transparency, arriving at equations

somewhat different from those of Maxwell in that they do not
contain explicitly the dielectric constant and conductivity ag
measured electrically, thus avoiding ceitain difficulties (espe-
cially in regard to ‘metallic reflection) whiceh the theory as
originally stated' had encountered ; and it is made clear that %4
“point of view niore in accordance with what we know of the
molecular constitution of hodies will give that part of the ordi-
nary theory which is verified by experiment, without ineluding
that part which is \in opposition to observed facts.” Some
experiments of Professor C. 8. Hastings in 1888 (which ghowed
that the double refraction in Ieeland spar conformed to Huy-
ghens’s law to a degree of precision far exceeding that of any
previous verification) again-led Professor Gilibs o take up the
subjeet of optical theories in a paper which shows, in a remark-
ably simple manner, from clementary considerations, that this
result and also the general character of the facts of dispersion
are in strict accord with the electrieal theory, while no one of
the elastic theories which had, at that tinie, been proposed
could be reconeiled with thesd experimental vesults, A few
months later upon the publication of Sir-William Thomson’s
theory of an infinitely compressible cther, it became- necessary

to supplement the comparison by taking account of this theory

also. - It is not subject to the insuperable ditfieulties which
beset the other elastie theories, sinee its cquations and surface
conditions for perfeetly homogeneous and transparent, ‘media
are identical in form with those of the electrical theory,jand
lead in an_equally direet manner to Fresnels eonstruction for
doubly-refracting media, and to the proper values for the
ntensities of the refleeted and refracted light. But Gibbs
shows that, in the ease of o fine-grained mediam, Thomson’s
theory does ngt lead to the known facts of dispersion without
unnatueal and foreed hypotheses, and that in the case of
metallic reflection it is subject to similar difficulties ; while, on
the other hand, “it may he said for the electrical theory that
it is not obliced to invent hypotheses, but only to apply ‘the
laws furnished by the seience of eleetricity, and that it is diffi-
cult to account forthe coincidences’ hetweh the electrical and
optical properties: of media unless we regard the motions of
light as electrical”  Of all the arguments (from theoretical
grounds alone) fogexcluding all other theories of light cxcept
the electrical, these papers furnish the simplest, most philo-
sophical, and most conclusive with whicl the present writer is
acquainted ; and it seems likel y that the considerations advanced

»

/ o
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“in theni would have sufficed to firmly establish this theory even

if the experimental discoveries of Hertz had not rendered such
discussions forever unnecessary. ‘ ~

.

’ v . - ) " . . . .
In; his last work, #Elementary Principles . in  Statistical

- Mechanies,” Professor Gibbs returned to a theme closely con-

nected with the subjects of his earliest publications. In these
he had been concerned with the development of the conse-
‘quences of the laws of thermodynamics which are accepted as
given by experience; in this empiricai form of the science,
heat and mechanical energy are regarded as two distinet entities,
mutually- convertible of course with certain limitations, but
essentially different in many important ways.  In aceordance
with ‘the strong tendeney toward unification of causes,.there
have been many attempts to bring these two things under
the same category; to show, in tact, that heat is nothing
more-than the purely mechanical energy of the minute parti-
cles of which all sensible matter is supposed to be made up,
and that the extra-dynamical laws of heat are consequences of
the immense number of independent mechanieal systems in any
body,—a number so great that, to human observation, only
certain averages and most probable effects are perceptible,

- Yet in spite of dogmatic assertions, in many elementary hooks

and popular expositions, that “heat is'a mode of molecular
motion,” these attermipts have not heen entirély suceessful, and

the failire has been signalized by Lord.Kelvin as one of tle

clouds upon tlie history of science in the nineteentl century,
Such investigations must deal with the weehanies of systems
of an immense number of degrees of freedom-and (since we
are quite unable in our experiments to identify or follow indi-
vidual particles), in order to compare the results of the dynami-
eal reasoning with observation, the processes must he stitistical
in_character. The difficulties of sucl processes have been
pointed out more than once by Maxwell, who, in a passage
which Professor Gibbs often quoted, says that serious errors
have been made in such inguiries by men whose competency
in other branches of mathematies was uiquestioned.

On account, then, of the diffieulties of t]he subject and of the
profound importance of results which .can be reached by mo
other known method, it is of the utmost consequence that the
principles and processes of statistical mechanies shonld be put
upon a firm and certain foundation. That this has now- been
accomplished there can be no doubt, and there will be little
exeuse 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 task of every
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future student of this subjeet, as the work of Lagraifge did in
the ease of ordinary mechanies. ‘ ’

"The greater part of the hook is taken up with /this general
development of the subject withont special reference to the
problems of rational thermodyniamics, At the ond of the twelfth

_ chapter the anthor has in his hands a far nore perfect weapon

for attacking such problems than auy previous investigator
has possessed, aud its triumphant use in the Tast three chapters
shows that such purely meehanical svstems as he has been eon-
sidering will exhibit, to human pereeption, properties in all
respeets analogons to those which we actually meet with in
thermodynamies.  No one can understandingly vead the thir-
teenth chapter withont the keenest delight, as one after

another of the familiar fortmle of thermodynamics appear

almost spontandously, as it seéms, from the consideration of
purely mechanical systems. But it is characteristic of the
author that he [should be more impressed with the limitations
and il)‘lpCl‘fGCfi(JnS of his work than with its suecesses § and he
is carctul to say (p. 166):  + But it should he distinetly stated
that, if the results obtained when -the numbers of degrees of
freedom are enornious coincide sensibly withthe general luws of
thermodynamies, however interesting and significant this coin-
cidence may be, we are still far from Jhaving explained the phe-
noinena of nature with respeet to these laws, For, as comprired
with the ease of nature, the svstems which we have considered
are of an ideal simplicity. Althongh our only assumption is
that we are considering” conservative svatems of a finite num-
ber of degrees of freedom, it would seem that this is assuming

far too neh, so far as the bodies of mature are concerned.

The phenomeng of radiant heaf, which gertainly should not be
neglected in anycomplete systemrof thermodynamies, and the
electrical phenomena associated with the combination pf atoms,
seem to show that the hypothesis of 4 finite number of degrees
of freedom is inadequate for the explanation of the properties
of bodies.” While this is undoubtedly true, it should also
be remembered that, in ng department of physics, have the
phenomena of nature heen explained with the completeness

- that is here indicated as desirable, * In the theovies of clectrie-

ity, of light, even in mechanies itself, wuly certain phenomena

are considered which reallv iever occiiralone. ~ i the present
state of knéwledge, such partial explanations are the hest that
can be got, and, in addition, the problem of rational thermody-
namics has, historically, always, heen regarded in this way. In
amatter of such difficulty no positive statement should he made,
but it is the firm belief of the present writer that the prob-
lem, as it has always heen understood, has been successfully
solved in this work’ and if this beliof is correct, one of the
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great deficiencies in the scientific record of the nineteenth
century has heen supplied in the first year of the twentieth.

In method and results, this part of the work is more general
than any preceding treatment of the subject ; it isin no sense
a treatise on.the kinetic theory of gases, and the resnlts
ohtained are not the properties ‘of any one form of matter,
hut the general equations of thermodynamies which belong to

all forms alike. This corresponds to the generality of the |

. . . . &
hypotheses in which nothing is assumed as to the mechanieal
nature of the systems considered, except that they are mechani-
cal ‘and obey Lagrange’s or Iamilton's equations.  In this

respect it may be considered to have done for thermodynamies -

what Maxwell's treatise did for clectromagnetisin, and we may
say (a5 Poincaré has said of Maxwelly that Gibbs has not
sought to give a mechanical explanation of heat, but has
limited his task to demonstrating that suely an explanation is

possible.  And. this achievement forms a fitting eulmination of

his life's work.,

The value to science of Professor Gibbs's work has been
formally recognized by many learned societies and universities
both"in- this country “and abroad. The list of socicties and
acidemies of which. he was 2 member  or correspondent
inchudes the Connectient Academy of Arts and Sciences, the
National - Aeademy  of Neienees, the “Ameriean Aecademy of
Arts and Sciences, the Dteh Society of Sciences, Haarlem,
the Royal Society of Sciences, Géttingen, the Roval Institution
of Gireat Britain, the Cambridge Philosophical Socicty, the Lon-
don Mathematical Society, the Manchester Literary and Philo-
sophical-Society, the Roval Academy of Amsterdam, the Royal
Society of Londou, the Royal Prussiin Academy of Berlin, the
Frenel Institute, the Physical Society of London, the Bavarian

Academy of Seienees and the American Mathematical Society. -

He was the vecipient of hono ary degrees from Williams Qol-
lege, and from the universitics of Erlangen, 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. :

Outside of his seientifie activities, Professor Gibbs’s Jife was
tneventful; he made but one visit to Europe and with the
exeeption of those three years, and of summer vacations in the
mountains, lis whole life was spent in New Ilaven, and all
but his carlier years in the same house, whieh his father had
built only a few rods from the school where he prepared for
college and from the university in the service of which his
ife was spent.  Ile never married, but made his home with
his sister and her family. Of a retiring disposition, he went
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little into general society and was known to few ontside the | tolewrn what may he regarded as known, what is guessed at,
university ; but hy those who were honored by his friendship, what a proof is, and how far it goes.  Although he disregarded
and by his students, he was greatly beloved.  His, wodesty  §- many of the shibboleths of the mathematical rigorists, his logi-
. with regard to his work was proverbial among all who knew eal processes were really of the nost severe type; in power of
. him, and it was entirely real and unaffected. There was never deduction, of generalization, in insight into hidden 2élations,
any doubt in his mind; however, as to the aceuracy of anything <. in eritical acwmen, utter lack of prejudice, and in the philo-
which he published, nor indeed did ho underestimate its sophical breadth of his view of the objeet and aim of physies,
o importance ; hut he seemed to regard it in an entirely imper- “he has probably had no’superiors in the history of the sciénce X
* sonal way and never doubted, apparently, that what' he hag - and no student could come i contaet with this serene and
. _ accomplished could have heen done equally well by alnost any impartial nind without feeling profoundly its influence in all
k! one who wight have happened to give his attention to the his future studies of nature. ‘
same problems.  Those nearest hing for many vears are con- In liis personal character the samoe great qualities were appar-
strained to believe that he never realized that he was endowed ent.  Unassuming in manner, genial and kindly in his inter-
with most unusual powers. of nind; there was never any course with his fellow-men, never showing fmpaticnce or
tendency to make the importance of his work an excuse for - irritation, devoid of personal ambition of the baser sort or of
neglecting even the most trivial of his duties as an officer of the slightest desire to exalt himself, he went far toward realiz
the college, and.he was never too busy to devote, at once, as ing the ideal of the unselfish, Christian gentleman.  In the Sl s
“much time and energy as might he neeessary to any of Lis winds of those who knew hin, the greatness of hLis intelleetnal
. students wlo privately sought his assistance. / , achievements will never overshadow the beauty and dignity of
B Although long infervals sometimes  elapsed betwoen his his life. '
.gf 4 publications, his habits of work were steady gnd systematie L eNRy A, Brusteap.
ity 1B but he worked alone and, apparently! withont need of the - '
: Hi [5 .. stimulus of personal conversation upon the subject, or of eriti- ' Bibliography. .
FHIEE cism from others, which is often helpful even when the eritie - . N - . ‘ '
i5 P is intellectually an inferior. “So far frop publishing partial [Taken, with additions, .f"“”"U“,B'“’_‘_'f;#{""'ll’\?(';}’s':,"f the\present officers of Yale
“:5 . results, he seldon, if ever, spoke ‘of what he was doing until it o Hiversity, I8E.0) :
i was practieally in its final and complete form. “Phis” was his 1873, Graphical methods in the thermodynamics o fluids.  Trans. Conn,
Ly chief Hmitation as a teacher of advanced students 3 he did not e, val. i, pp, B2, , T
e take them into his confidence with regard to his eurrent work & cthod of ’“w.mfmf‘"'ul.w.lmm.’nf"-l.t"",l of th-"ﬂ"'”“?d‘:t"nmw proper-
P o . 2o ’ N - t,]f’h of substumc's.]).\'mmm.'s of surfaces, Ihid., pp. .3.5~~IU.4. _
. and even when ‘hc leetured upon a .sll[)']c(:t m advance of its 1875-1878. On thlc Q(llll]ll)]']!ll.l] of )wtvrugmmml? substanees,  Thid,, vol. i,
B . . ]Hl])]icﬂti(m (ﬂs was the case for a number of vears hefore the . ‘ }1]‘11)1. 11()_;‘.;—24-5: pp. 3483-524, Abstract, this Journal (3), vu]‘. Xvi, pp.
. - 111’].'“‘11'1111(59.(’f “l(f Stilf_lstl(:fll' M.L'(',II{IIHCS) the "‘V”"k ‘f“"‘ l'U“”.V ) (A German translation of the three preerding papers by W, Ost.\\'.uld' . -
(emnp]ct;u éxeept for a few hnlalllll;_: touches,  Thus his students has heen published under the title, ** Thermodynamische Studien,”
were deprived of the advantage of “seeing his great structures Leipzig, 1862 also a French translation of the first part of the Equi-
i proces of buikding, of Lelping bin 0 the dotaie ol ot | e s St b i L Gl e :
e 77 being in suely Wavs encouraged to make for themselves attempts 1859, On the fundamental formulse of dynamics.  Amer: Jour. Math., vol.
" < similar in character, iowever small their scale.  But on the C U, pip. 4964, : '
' * other hand, they owe to him a debt of gatitude for an intro. o the yapor-densities of peroxide of trogen, formic acid, acetic
T ; . . o . . = . acid, and perchloride of phosphiorus. | This Journal (3), vol, xviii, pp.
dnction into the profounder 1'(,?5_:14')115?{’ natural philosophy such i 2T-203 5 pp. 371-887. ‘ :
as they could have obtained from few other living teachers, ) 1881 and IHSJ: Elements of veetor analysis arranged for the use of students - . 3
Always carcfully prepared, his lectures were marked by the N 1211‘\'.-;{(‘]5,.]";\;0.“, Haven, 8%, pp. 1-36 in 1831, and pp. 37-83 in 1884, -
Sfllll() gre_at (“m]itics as his l)”l"”Shcd papers and were, in addi'- . 1332—1:(\"8:(}); ‘Ii)\l‘lo)hl»: l(ﬁ;l.)the electromagnetic t‘he()r\' of light. 1. On double
. tion, enriched ]‘)'Y many apt and Sillll)l(t illustrations which can refraction and the dispersion of colors in I;el'feutl_\' transparent media. . ’
N never be forgotten })_Y those who heard them. No necessary This Journal (3), vol. xxiii, pp. .262—-2.7-'?. 1L On double refraction in
(ualification to a stafement was eyer omitted and, on the other * ;;;;;‘,{;:;:,ﬁ{;‘ig;;ju?}’;;;;;*}jt;;fc?;;;(,‘_‘j}’;g?l 3-\;;{bg-,fh;,gh;;?;g;p*;qo‘;;;fglg;
_han(], it seldom failed to receive the most general zl])p]l(‘ntlon mono-chromatie light in media of every degree of transparebey, 1bid.,
of which it was capable ; hix students had ample opportunity _ vol. xxv, pp. 107-118. :
: ) 3
.
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1886. On multiple algebra (vice-president’s address before the section of
mathematics and astronomy of the American Association for the
- Advancement of Science). . Proc. Amer. Assoc. Adv. Sci., vol. xxxiii,
pp. 37-66. '
1887 and 1889. Electro-chemical thermodynamics. (Lettersto the secretary
of the electrolysis committee of the British Association.) Rep. Brit,
Assoe: Adv. Sci. for 1886, pp. 888-389, and for 1888, pp. 343-346.
1838, A comparison of the elastic and electrical theories of light, with
respect to the law of donble refraction and the dispersion of colors,
) This Journal (8), vol. xxxv, pp. 467-475. '
1889. A comparison' of the electrical theory of light with Sir William Thom-
son’s theory of a quasi-labile ether, Ibid., vol. xxxvii, pp, 129-144.
Reprint, Phil. Mag. (5), vol, xxvii, pp. 238-253. .
On the determination of elliptic orbits from three complete observa-
tions. Mem. Nat. Acad. Sci., vol. iv, pp. 79-104.
Rudolph Julius Emanuel Clausius. Proc. Amer, Acad., new series,
vol. xvi, pp. 458-465. ’ :

1881. On the role of quaternions in the algebra of vectors, Nature, vol. xliii, n

pp. 211-514.
. Quaternions and the Ausdehnungslehre, Ibid., vol. xliv, pp. 79-82. )
1893, Quaternions and Yector analysis, Nature, vol. xlviii, pp. 384367,
1898, Velocity of propagation of electrostatic force. Nature, vol. liii, p. 209,
18987, Semi-permeable films and osmotic pressure, Nature, vol. Iv, pp.
) 461-462, ) . C
- Hubert Anson Newton. This Journal (4), vol. iii, pp. 359-378.
1898, Fourier's series. Nature, vol. lix, p- 200,
1801, Vector aualysis, founded on Professor Gibbs's lectures, by E. B,
Wilson.  Pp. xviii + 436 Yale Bicentennial Publications. C. Scrib-
" ner’s Sons,
1802. Elementary principles in statistical mechanics. Pp. xviii +207. Yale
Bicentennial Publications, C. Scribner’s Sons, :
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