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OBITUARY NOTICES OF FELLOWS DECEASED.

James Clerk Maxwell was born in Edinburgh, onthe 13th of June,
1831. His father, who was brother to Sir George Clerk, of
Pennicuick, was at first known as John Clerk, but adopted the name
of Maxwell on succeeding to an estate called Nether Corsock, which
had come into the Clerk family through the marriage of a Miss
Maxwell. To this estate he added, by purchase, that of Glenlair, the
name of which became afterwards closely associated with that of his
son.

James Clerk Maxwell’s boyhood did not at first give much promise
of distinction. He was a quiet and not very sprightly child, though
much given to reading, drawing pictures chiefly of animals, and
constructing geometrical models. At the Edinburgh Academy to
which he was sent, he took no leading position among his school-
fellows till about the age of thirteen, when his mental faculties
began to develop rapidly, so that he was soon in every department
among the foremost of his contemporaries. At this school he made
the acquaintance of Professor Tait, the present occupant of the Chair
of Natural Philosophy in Edinburgh University; an acquaintance
which, cemented as it was by kindred pursuits and interests, ripened
into a close and lasting friendship.

Erom the Academy he passed to the University of Edinburgh,
where, in 1847, he attended the lectures of Kelland and Forbes, hor
the next two or three years he had the privilege, to him invaluable, of
using the class apparatus in private experiments. What was the
nature of some of those experiments we may conjecture from a
pei'usal of his paper on Elastic Solids, written during this time, in
which he describes some experiments made with the view of verifying
the deductions of his theory in its applications to optics.

This paper was read to the Royal Society of Edinburgh on Feb-
ruary 18, 1850, and cannot but be regarded as a wonderful pro-
duction when we consider the age of its author. This was the third
paper which Maxwell had addressed to the same Society: the first,
“ On the Description of Oval Curves and those having a Plurality of
Foci,” was read for him by Forbes in 1846 ; the second, under the
title *“ The Theory of Rolling .Curves,” was presented by Kelland in

1849. All these papers, therefore, were written before he came into
residence as an undergraduate at Cambridge in October, 1850.

While an undergraduate at Cambridge, Maxwell carried on his
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studies in a leisurely manner without producing, or at least without

publishing, any original work. He became in due course a scholar of

the College. He was also elected member of a literary club, coming
thereby in contact with some of the most accomplished of his con-
temporaries.

In January, 1854, he took the degree of B.A., being Second

Wrangler, but equal with the Senior Wrangler in the subsequent
& examination for the Smith’s Prizes.

S Shortly after taking his degree, he produced a memoir “ On the
i Transformation of Surfaces by Bending.” By bending a surface is
S meant “a continuous change of the form of the surface without
o extension or contraction of any part of it,” and the problem Maxwell
% set himself was to discover some method at once simple and general
in its apphcatlon for the measurement of the change in question.
& Besides its main purpose, which was to develop clearer ideas of the
Stheory of bending, there are incidentally scattered through it good
Eexpositions of many points in the geometry of surfaces, as, for
Sinstance, the discussions on curvature and the deduction of Gauss’s
snand other expressions for specific curvature.
‘= Up to this point we have directed attention to Maxwell’s papers in
E the order in which they were published, there being a special interest
S attaching to them on account of the very early period of life at which
Sthey were written. It will be Convenient, however, to consider his
S published papers under some sort of classification, and this we pro-
8 pose to do further on ; in the meantime the leading events of his life
% subsequent to 1854 may now be briefly recorded.

In 1855 he was elected to a fellowship at Trinity, which he retained
until his marriage in 1858. He was, however, subsequently elected
to an honorary fellowship, a distinction which the College confers only
upon the most gifted of her sons. The latter honour was shared
g on the same occasion by Dr. Lightfoot, the present Bishop of Durham,
the late Mr. Spedding, editor of Bacon’s works, and Professor Cayley.

In 1856 he was appointed Professor of Natural Philosophy in
Marischal College, Aberdeen, where he continued till that College was
united to herrival, King’s College, and formed into what is now known
as the University of Aberdeen.

In 1858, he married Katherine Dewar, daughter of the Principal
of Marischal College.

During his tenure of the Aberdeen Professorship the subjects which
appear to have engaged most of his attention were the Theory of
Colours and the Stability of Saturn’s Rings, his essay on the latter
subject obtaining for him the Adams Prize. He also continued his
study of Electricity, and in 1859 we have the first evidence that he
was working at the Kinetic Theory of Gases.

In 1860, after the unipn of the Colleges in Aberdeen, Maxwell
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obtained the Professorship of Natural Philosophy and Astronomy
in King’s College, London.

While holding this office be produced some of his most valuable
electrical papers, as well as two others on Elasticity. During
the same period he took a very prominent part in the experiments
organised by a Committee of the British Association for the determi-
nation of electrical resistance in absolute measure, and for placing the
units of electrical measurements on a satisfactory basis. The experi-
ments were conducted in the Laboratory of King’s College upon a
plan due to Sir W. Thomson. On this occasion Maxwell worked in
conjunction with Professors Balfour Stewart and Fleeming .Tenkin,
and the results were contained in a report to the British Association
in 1863.

Maxwell continued in London until his father’s death in 1865, when
he determined to reside on the Scotch estates to which he had suc-
ceeded, and resigned his professorship.

For some years after this he led a quiet life at Glenlair, devoting
himself chiefly, we may conjecture, to the composition of his Treatises
on Heat and on Electricity and Magnetism. The most important
memoirs from his pen about this period were on the Dynamical Theory
of Gases, read to the Boyal Society in 1866.

In 1871 he was elected to the newly-created chair of Experimental
Physics in the University of Cambridge. His first duties were to
plan and superintend the building of the Cavendish Laboratory, which,
with appropriate apparatus, was a gift to the University from the
Chancellor, the Duke of Devonshire. The admirable arrangements of
this building were designed and carried out by Maxwell. In October,
1871, he delivered an introductory lecture, in which he made some
very valuable observations on scientific education and the advantages
afforded by the study of experimental physics, especially to that class
of students in Cambridge which has produced so many distinguished
mathematicians. Addressing such students in particular, he warned
them of the preliminary difficulties they would have to face in
attempting to combine experimental practice with theory, but suggested
at the same time motives which should encourage them to persevere
in their efforts.

Besides the duties directly incumbent on a Professor of Physics, the
preparation of treatises on the subjects of his chair now engaged
Maxwell’s attention. “ The Theory of Heat,” the first edition of
which appeared in 1871, was at once hailed as a beautiful exposition
of a comparatively new and interesting subject. This work is indeed
a model of scientific style,.almost unique in the freshness and
simplicity of its expositions, and possessing altogether a charm for
the student of physical science, such as few other works of the
kind are capable of imparting. The Treatise on Electricity and
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Magnetism was published in 1873; an original and splendid work,
destined, it is not rash to predict, to give colour and direction to our
speculations on these subjects for many years to come.

Nor must we omit another species of work always performed by
Maxwell kindly and conscientiously, professorial work, surely, of the
very highest kind, that, viz., of reading and reporting on papers
contrlbuted to learned societies by young aspirants to scientific fame.

QThis kind of work, of which much fell to Maxwell’s share, is but little
Aknown to the outside world, but involves when carefully performed a
Bvast expenditure of time and trouble even on the part of the most
Saccomplished specialist.

© Besides performing these various duties, Maxwell took an active
Spart in conducting the general business of the University, serving on
wthe University Council, and otherwise, but especially in effecting
Sthose changes in the mathematical studies of Cambridge, which may
Cbe said to have amounted at this time almost to a revolution. In
Eﬂlccomplishing this, his published treatises already referred to bore in
Cthemselves a most important part, but the active share he took in
Hrafting the scheme of the new examination, and the admirable ques-
ﬂﬂ;tions he constructed in his capacity of examiner, no less contributed
'T;to the desired changes which were thus, thanks in a great measure to
Bhis sagacity, gradually and skilfully effected.

2 The direct influence of Maxwell on Cambridge studies began to be
%felt in 1866, when he filled the office of Moderator in the Mathematical
S Tripos. Maxwell’s questions infused fresh life into the Cambridge
"STripos, and, therefore, into the University studies, by the number of
> R S .

Qoriginal ideas and new lines of thought opened up by them, thus pre-
Qparing for the change of system in 1873, when so many interesting
Chsubjects were added to the examination.

= From 1871 to 1879, Maxwell’s pen was incessantly busy. He
£ wrote numerous more or less important mathematical papers, as well
L,gas a great many essays and reviews, to be found in the pages of
= “Nature.” He also contributed several interesting articles to the
2 “ Encyclopaedia Britannica.”

Of his papers published during this period, those which probably
rank highest in point of importance are the two memoirs connected
© with the Kinetic Theory of Gases. Another undertaking in which

he was long engaged, and which, though it proved to be exceedingly

interesting, entailed a great deal of labour, was the editing of the

“ Electrical Researches ” of the Hon. Henry Cavendish. This work

published in 1879, has had the effect of increasing the reputation ot

Cavendish, disclosing as it does the unsuspected advances which that

acute physicist had made in the theory of Electricity, especially in

the measurement of electrical resistance. The work is enriched by a

variety of valuable notes, in which the editor has sought to examine
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Javendish’s views and results by the light of modern theory and
methods. Especially valuable are the methods applied to the deter-
mination of the electrical capacities of conductors and condensers, a
subject in which Cavendish himself showed considerable skill, both of
a mathematical and experimental kind.

During the later months of 1878, and the beginning of 1879,
Maxwell’s health was not good, but no apprehensions of anything
serious were felt by his friends. In the month of May of the latter
year he looked very ill. Hopes were entertained, however, that when
he returned to the bracing air of his country home he would soon
recover. But it was not to be. He lingered through the summer
months at Glenlair, with no signs of improvement, his spirits
gradually sinking. As a last resource he was brought back to Cam-
bridge in October that he might be under the charge of his favourite
physician, Dr. Paget. Nothing, however, could be done for his
malady, and, after a painful illness, he died on the 5th of November,
1879, in his 49th year.

It is difficult to convey a correct impression of the variety and
extent of Maxwell’s information on all sorts of subjects. Knowledge
of every kind was interesting to him, and there were few topics of
conversation to which he could not bring his own peculiar light. He
was almost as much at home with the students of philosophy and
theology as with those of physics. But if there was one subject more
than another in which his conversation was always interesting, it was
the literature of his own country, his acquaintance with which, and
especially with English poetry, was remarkable alike for its extent,
its exactness, and the wide range of his sympathies. His critical
taste, founded as it was on his native sagacity, and a keen appreciation
of literary beauty, was so true and discriminating that his judgment
"was in such matters quite as valuable as on mathematical writings.

He wrote often in verse, chiefly poetical epistles to intimate friends,
and occasional epigrams, but none of these have been published. The
published pieces are few in number, all dealing with some scientific move-
ment, speculation or incident of the hour, and all conceived in a spirit
of happy good-humoured banter. With the exception of “Notes on the
President’s Address,” British Association 1874, when Dr. Tyndall was
President, which appeared in “ Blackwood,” these pieces are to be

found in the pages of “Nature,” under the signature — The in-

vention of this signature is due to Professor Tait, in whose work on
Thermodynamics, one of the equations of the subject is written in the
form" = the right hand side of the equation being Maxwell’s
i
initials.
The list of Maxwell’s published memoirs and writings of every kind,
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exclusive of treatises, is a long one, numbering over 100 papers, many
of which contain speculations of a profound character, worked out
with elaborate details of calculation. They treat of a variety of
subjects, the most important of which are—(1.) Electricity and Mag-
netism ; (2.) The Kinetic Theory of Gases; (3.) Colour. Perception;
(4.) Dynamics, including Astronomical Physics; (5.) Elasticity;
(6.) Optics. The two first named attracted more of his attention than
&the others, and his writings on them form a sort of continuous series
Kin which we can follow the history of his ideas so as almost to trace
otheir gradual development.
Thus, his first memoir on Electricity, entitled “ On Faraday’s Lines
Qof Force,” possesses an interest apart from its intrinsic value, contain-
Qing as it does the germs of the theories and methods which reached
~their full growth in his great treatise on Electricity and Magnetism.
OThis memoir is in two parts, differing in object and treatment. W hilst
Sthe first half aims at a vivid representation of Faraday’s conception
Zof lines of electric and magnetic force, the second is a mathematical
Bexposition of what Faraday calls the electrotonic state of bodies, and
24n analytical investigation, based on Faraday’s laws, of the electro-
”g;motive forces acting on a conductor due to the motion of magnets or
=currents of electricity outside of it.
5 Faraday’s doctrine that electric and magnetic effects are conveyed
y a medium and not by action at a distance, found in Maxwell an
.Lardent believer, who set himself the task of searching out by what
gkind of mechanism this is accomplished. His first attempt at an
"<explanation is contained in a series of papers in the * Philosophical
éMagazine,” 1861-62. Beginning with magnetic phenomena, he points
<out that a medium transmitting magnetic action must be under a
&stress in which there is excess of pressure in all directions perpen-
Edicular to the lines of force, in other words, a stress consisting of a
g tension in the direction of the line of force combined with a hydro-
O static pressure. A stress of this character would be produced by a
- system of molecular vortices, the axes of which are in the direction
- of the lines of force. A similar representation may be made of the
stress due to the magnetic action of electric currents.
Taking, then a system of such vortices, he finds that the most general
o form of the expressions for the force components, due to the vortices at
any point of the medium, is identical with that which would arise from
magnets and electric currents. In the course of the work the magnetic
force is identified with the velocity of the vortex, and the coefficient of
magnetic induction is i times the density of the medium, or fi w>
The chief difficulty is in the geometrical conception of the motion of
the vortices, two parallel vortices moving in opposite directions, in
those parts where they are contiguous. Maxwell gets over this
difficulty by supposing that the vortices are separated by layers of
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particles revolving, like “idle wheels” in mechanism, each on its
own axis, in directions opposed to those of the vortices. The motion
of those particles he identifies with electric currents in the medium,
and the description of how, by this mechanism, induced currents are
originated, forms an interesting part of the theory. The electro-
motive forces, that is, the forces on the particles from the vortices, are
then found in the most general case of a medium in motion, the
expressions being identical with those given in the “ Electricity and
Magnetism,” ii, § 598.

Turning next to Statical Electricity, if we consider a dielectric
under inductive action, we may conceive the electricity in each of the
particles described above to be displaced, so that one side of the
particle is positive and the other negative, the total quantity remain-
ing the same. The general effect on the dielectric will, therefore, be
a displacement of the electricity, which will disappear when the
exciting cause disappears. We have here, then, something analogous
to the phenomena exhibited by an elastic body under a state of stress,
but recovering its form when the stress is removed.

If we denote the displacement by 4, on this analogy the force will be
given by an equation of the form R =—4%E3 where E is a constant
depending on the dielectric. In addition to the properties already de-
scribed of the cells constituting the vortices, we must now suppose the
substance of which they consist possessed of a certain elastic resilience,
affecting by its tangential action the velocities of the particles, and in
its turn affected by them, being distorted and thrown into a state of
stress. If, for simplicity, we omit the magnetic effects and suppose
the cell to be spherical in form, and that its coefficients of cubic
elasticity and rigidity are | #med
these quantities in an isotropic elastic medium according to the
theory of Navier and Poisson,then it can be shown that E" =
But the rate of propagation of transverse vibrations in an elastic
medium is given by V=\An| pPnd  Hence
Now, the force between two charges el5 €2 at distance r, can be
deduced from the theory, viz., it is E2ele2r3. Hence the number of
electrostatic units in one unit of the Vortices Theory, i.e, of the
Dynamical or Electromagnetic Theory, is E. If the medium be air
/=1, and therefore V=E. The value of E found by Weber and
Kohlrausch was 310,740,000 metres. On comparing this with
Pizeau’s value of the velocity of light in air, viz., 314,858,000 metres
per second, Maxwell drew the inference, that “light consists in the
transverse undulations of the same medium, which is the cause of the
electric and magnetic phenomena.” He also proved that the specific
inductive capacity of a dielectric varies as the square of the index of
refraction, and inversely as the coefficient of magnetic induction.
The last point discussed under the Vortices Theory is Faraday’s
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discovery of the rotation of the plane of polarisation of polarised
light transmitted along the lines of magnetic force* To the question,
how will the vibrations be affected by passing through a medium in a
state of rotation, Maxwell’s results, as deduced from the theory, are
in close accordance with the experimental laws given by Vetdet*
The deductions drawn by Maxwell from his theory of Molecular
Vortices were of so striking a character that it was impossible his mind
&ould rest till he h&d still further examined their' truth. Accordingly
Syve find that in less than three years after their publication he presented
#0 the Royal Society a memoir, entitled “ A Dynamical Theory of the
lectromagnetic Field/’ This, the most splendid of all his papers,
laces the theory of action through a medium on broader dynamical
%inciples, and traces the connexions between the various charac-
ristic quantities of the subject, twenty in all, more simply and more
airectly than he had formerly done* No adequate idea of this memoir
‘gan be given in a short notice, for it Contains matter enough, and on so
Jpany different branches of the subject, to furnish the texts of many
®rdinary papers. The electromagnetic field is treated as a dynamical
fystem possessed of different kinds of energy and under the action of
‘warious forces, the connexions between which are laid down with
-Admirable clearness. General mechanical principles are employed to
Hlustrate the significance of the laws discovered by Faraday, and from
Shis aspect and without the hypothesis of any particular mechanism,
Bhe equations of the electromagnetic field are simply deduced. But
Besides this there are many interesting side issues and expositions.
%\mong these may be mentioned an experimental method of deter-
Znining coefficients of induction by the electric balance, a theory of
Londensers, and the calculation of the self-induction and mutual induc-
éjon of circular coils of wire. The part of the memoir, however, which
excites the liveliest interest, is the investigation of the electromagnetic
éheory of light. The two grand results previously established by the
@heory of vortices are again proved, but without the aid of somewhat
;ﬂoubtful hypotheses, while in addition a very substantial confirmation
Df Maxwell’s views is obtained by the deduction of an equation for the
Frelocity of wave propagation of electromagnetic disturbance in crystal-
"dised media identical with that found by Fresnel for light. Maxwell
%)ublished a few years later the results of some experiments he had
Amade to determine the ratio of the electric units. His number is
288.000. 000. Sir William Thomson found 282,000,000. When we
compare these numbers with that of Weber and Kohlrausch, it cannot
be said that this quantity has yet been definitely determined. The
same is true of the velocity of light, the lowest value of which is
298.000. 000 metres per second. We cannot, therefore, affirm with
certainty that Maxwell’s inference is correct, but there is a strong
primd facie presumption in its favour.
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The papers to which we have called attention by no means exhaust
the list of Maxwell’s contributions to electrical science, but they are
the most important, Most of what he wrote found its proper
place in the treatise on Electricity and Magnetism, which is in a
great measure the outcome and product of his study of Faraday’s
researches and of his own speculations and labours.

The theory that the properties of a gas are due to the action of
invisible molecules in rapid motion was propounded by several writers
before Maxwell, and an explanation had been given of Boyle’s law
that the product of the pressure and volume of a gas is constant for
the same temperature.

Herapath had also given an explanation of diffusion, and Joule had
calculated the mean velocity of the molecules of various gases. The
most important advance was, however, made by Clausius, whose first
memoir “ On the kind of motion which we call heat” contains a very
clear exposition of the theory, and establishes that the vis viva, of the
translatory motion of the gas does not represent the whole of the
heat in it. His second memoir treats of the mean length of path
described by a molecule, and an expression is obtained for it in terms
of the average distance of the particles, and the distance between their
centres at collision. The paper is valuable not so much on account
of this result, whieh in fact is different from that subsequently obtained
when the subject was more fully developed, but because it led the
way in bringing the kinetic theory fairly under the domain of mathe-
matics.

Maxwell perceived the importance of Clausius’ work, and his first
paper contains an attempt to complete the investigation of the mean
path. This paper, entitled “ Illustrations of the Dynamical Theory
of Grases,” was read before the British Association in 1859, and pub-
lished in the “ Philosophical Magazine ” of the following year.
Theories, mathematically developed, are here -given of the internal
friction of gases, the conduction of heat through a gas, and the
diffusion of one gas through another, One or other of these phe-
nomena, he thought, ought to yield an accurate expression for the
length of the mean path.

He supposes the molecules to be hard perfectly elastic spheres, and
investigates the laws of motion of a system of such molecules acting
on one another, only during impact. His method is first of all to
discuss the motion of two molecules under their mutual action, and
having discovered the changes in their velocities and directions due
to an encounter, to apply what he has happily termed the statistical
method to determine the mutual action of two systems. The methods
he employs for this purpose, founded on the mathematical theory of
probabilities, are remarkable for their elegance and for greater
generality than had been attempted by previous writers.



Maxwell’s next contribution to the Kinetic Theory of Gases was the
Bakerian Lecture to the Royal Society in 1866, “ On the Viscosity or
Internal Friction of Air and other Gases.” This is an account of
experiments to determine the coefficient of gaseous friction. He
employed for this purpose the oscillations of three disks placed be-
tween fixed disks, and capable of motion about a common axis, the
quantity observed being the successive times of oscillation of the

&novable disks. The chief results of this paper are, that the coefficient
SOf friction is (1) independent of the density of the gas, (2) propor-
#ional to its absolute temperature.
= The second of these laws involves the rejection of the hypothesis
@wf the impact of hard elastic particles, leading as it does to propor-
dionality of the square root of the temperature. Accordingly, Max-
ell’s next memoir “ On the Dynamical Theory of Gases,” following
losely on the Bakerian Lecture, propounds a theory in closer agree-
Snent with his experiments. Instead of hard elastic spheres, he now
Ssubstitutes “ small bodies or groups of smaller molecules, repelling one
Ginother with a force whose direction passes very nearly through the
entres of gravity of the molecules, and whose magnitude is repre-
%}s’ented very nearly by some function of the distance of the centres of
pravity.” The necessity of supposing groups of molecules arises from
he fact that, in a body of invariable form, the motions of its parts
Zelatively to the centre of gravity consists entirely of rotations which
.Zhe supposed force is incapable of generating, whereas a group of
Qoosely-connected bodies may have oscillations among themselves as
"Jvell as rotations. That the energy of the system cannot be entirely
é‘ranslational had been previously pointed out by Clausius.
< In this memoir the statistical method is restated more fully, clearly,
@.nd systematically than before, but the only law of force between the
“gnolecules which leads to simple results is the inverse fifth power
eof the distance. This law being adopted, the general 'equations re-
Sulting are applied to a variety of problems : in (a), proving Dalton’s
aw for the pressure of a mixture of gases; (b), explaining Graham’s
xperiments on the diffusion of carbonic acid and air; (c), proving
Graham’s law for the interdiffusion of gases contained in different
Sessels connected by a very small hole; finding the equilibrium
ccondition as regards temperature for a mixture of gases, and again
%stablishing Gay-Lussac’s law ; (e), finding expressions for the specific
heats of gases on Clausius’ assumption that the whole energy bears a
constant ratio to that of translation; (f), proving the laws of vis-
cosity, the same as those stated above; finding the viscosity of a
mixture of gases, which, if not in close agreement with the results of
Graham’s experiments, at least exhibits the same general peculiarities ;
(A), proving that in a column of air the temperature is independent
of gravity ; (i),deducing an expression for the conductivity.
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It is impossible to read this comprehensive memoir without being
impressed by the boldness and sagacity of the author’s genius, or
without admiring the simplicity of system he has introduced into a
subject, at first sight unapproachable from its difficulties. At the
same time, we must remember that the hypothesis on which he
builds is a particular one, and could only be accepted on its being
found that the conclusions are borne out by facts. Now the law that
the viscosity varies as the absolute temperature has not been verified
by other experimenters on this subject. It has been found that the
law of variation is a power of the temperature somewhat lower than
the first. But though we cannot, therefore, accept the author s con-
clusions without qualification, we must still regard his investigation
as a brilliant and determined effort to reach the true theory to which
it must form a close approximation.

The methods employed by Maxwell were afterwards generalised by
Boltzmann, who succeeded in so modifying the proofs of many of the
theorems as to make them independent of any hypothesis as to the
nature of the encounter between the molecules. Maxwell to some
extent adopted Boltzmann’s more general treatment of the theory m
his next memoir (1878) “ On Stresses in Rarefied Gases arising from
Inequalities of Temperaturebut he ultimately found himself com-
pelled to fall back on his former special hypothesis. In this memoir
he aims at an explanation of the forces producing motion in Crookes’s
Radiometer. .o, £

The statistical computation of the motion of a gas deprived of
that regularity which uniformity of temperature permitted is by
no means easy, and accordingly the work forms an elaborate appli-
cation of the principles developed in the paper of 1866. It is
shown, however, that the effect of inequality of temperature is to
produce a stress in the gas whose components are comparable wit
the forces necessary to produce the motion of the radiometer wheel.
If we take account only of the normal components of this stress it is
possible to frame an explanation of that motion by their agency.
When, however, the general equations of the motion of the gas are also
determined, it appears that so long as the flow of heat is steady the
equations are the same as when the temperature is uniform. “ How
then are we to account for the fact that forces act between solid
bodies immersed in rarefied gases, and this apparently as long as in-
equalities of temperature are maintained ?” The explanation, Maxwell
thinks, is to be found in the fact that the gas in contact with the
surface of a solid must slide over it with a finite velocity in order to
produce a finite tangential stress. This he is not able to show, but m
an appendix to the memoir added in May, 1879, the conditions which

must be satisfied at the boundary between a solid and a gas are inves-
tigated in a very ingenious manner, the results showing that “a gas
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may slide over the surface with a finite velocity, and that this velocity
and the corresponding tangential stress are affected by inequalities of
temperature at the surface of the solid, tending to make the gas slide
from colder to hotter places.” The latter result, as a deduction
from the Kinetic Theory, had been previously obtained in another
way by Professor O. Reynolds. The stress which is the result of
this theory would help to account for the radiometer motion
cln this memoir are interpolated various notes dated May, 1879,
Swhich the application of Spherical Harmonics is briefly indicated as a
fneans of simplifying the mathematical parts of the work, The failure

f the author’s health prevented him from afterwards following out
¢his interesting extension of the subject.
© Another important memoir was presented to the Cambridge Philo-
ophical Society in May, 1878, “ On Boltzmann’s Theorem on the

Average Distribution of Energy in a System of Material Points.”
Hhis paper is remarkable alike for the comprehensive character of the
mmssumptions as regards the forces aoting between the points, the close-
@ess and condensation of the reasoning, and the generality of the
gheorems proved. It is impossible, however, to describe them with
gufﬁcwnt brevity in a short notice. Passing to the particular problem
2f the equilibrium of temperatures of two gases, we find the author
mnce more examines Gay-Lussae’s law* and points out that the
eorem that the average kinetic energy of a single molecule is the
.Rame for molecules of different gases* is not sufficient for the
@quilibrium of a mixture of gases, because we have no means of
ﬁlndlng out the separate temperatures of the two; the case would
Ei'e different if the gases were separated by a diaphragm. Another
tmterestmg application of the general results is made to the theory
@f Loschmidt’s experiments on the diffusion of gases. These ex-
E)eriments were made with a tube into which was put a gas or a
anixture of gases* and the tube was then whirled about one end; and
Rhe ultimate distributions of the gases* with the times of attaining to
:ﬁhem, formed the subject of investigation.
2 Prom this review of Maxwell’s chief contributions to the Kinetic
Sheory of Gases, imperfect though it be, it will be seen that, if he
gwas not the discoverer of this new region of inquiry, he yet explored
gt more thoroughly than any of his predecessors; he bore a leading
Mart in evolving the general laws to which it must be subject,
reducing it to order, and pointing out in what directions it would be
most fruitful.

Maxwell took up the theory of Colour Perception at the point where
Young had left it. According to Young’s theory, there are three
distinct varieties of nerves, sensitive to red, green, and violet light
respectively, and by the superposition of these sensations when
aroused in the sensorium the colours of external objects are

wal
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represented. Maxwell’s object was to submit this theory to the
test of measurement. For this purpose he employed an apparatus
now well known as his Colour Top, in which a system of coloured
disks could be arranged round the axis of the top, so that a sector of
any required angular magnitude of each colour might be exposed.
When this system was spun rapidly it assumed the appearance of a
single tint. Young had himself employed an apparatus of a similar
character, consisting of circles painted with different colours. The
merit of Maxwell’s top is in the ease with which the proportions of
the colours can be changed and definite measures taken of them. His
plan of experimenting was to obtain matches between various mixtures
of colours from the coloured disks, and these matches were expressed
by colour equations. Having selected three colours as standards of
reference, the choice being guided by the variety of combinations
producible from them, he was enabled, from the great, number ot
colour equations he obtained, to construct a colour diagram on the
principle suggested by Newton. The standard colours being at t le
angular points of an equilateral triangle, any other colour, with a
proper coefficient attached to it, could be represented by a point m the
diagram, so that from a knowledge of this coefficient and the position
of the point, it is possible to say how the colour in question may be
obtained from the standards or combined with one or two of them to
form a match with the remainder. Any colour which can be produce
by a mixture of two of the standards will be represented by a point on
the side of the triangle joining them, and any colour from a mixture o
the three by a point inside the triangle. Had the standards, mstea
of being arbitrary, been the three primary colours, any other colour
would be obtainable from them by their mixture. Maxwell shows how
one of the primary colours may be obtained. Colour-blindness is due
to the absence of one of the three primary sensations, and theretore
from the colour equations of the colour-blind it is possible to localise
on the diagram the tint corresponding to the absent sensation. 1rom
experiments on two colour-blind subjects he found the tint wa? a red
approaching to crimson.

he Colour Top was afterwards abandoned for another apparatus ot
an ingenious character, known as the Colour Box, by means of which
the proportions of three colours forming white light of constant inten-
sity could be accurately measured. The main object of the measure-
ments was to determine the positions of the colours of the spectrum on
the colour diagram. The standard colours in this case were red, green,
and blue of ascertained wave-lengths. In all, sixteen definite points
of the spectrum were examined, these points being determine y e
contrivance in the apparatus for obtaining measures by which tin
wave-lengths of all the colours admitted could be found. The results
of these elaborate experiments showed that from the red to the greer
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the positions lie nearly in one straight line, and from the green to the
blue in another, the chief divergence being at the red and blue ends.
The conclusion is that there are three primary colours in the spectrum,
red, green, and blue, by mixture of which colours chromatically
identical with the other colours of the spectrum can be obtained. The
position of the green is one-fourth from the line E towards the line F,
but the red and blue cannot be satisfactorily placed. Young’s theory
Qwas examined by Helmholtz as well as by Maxwell, with the like result,
8which was to confirm its truth.
5 If we pass to other subjects we must regard the essay on Saturn’s
gRings as a most valuable investigation on account of the important
Oresults it contains. Some of these we will now mention. The author
Ofirst establishes that the stability of a.uniform solid ring revolving
~round the planet is impossible. If we suppose the ring loaded at a
oint of its circumference a possible case of stability is obtained, but
othe load must be between *8158 and *8279 of the whole mass of the
Bwing. So irregular a distribution of the mass is very improbable,
Band would be found by observation. When, in addition, we con-
2ider the immense size of the rings—an iron ring of such a size would
'%‘be exceedingly plastic under the forces it would experience,—when we
=consider also their comparative thinness, it is impossible to regard
"Sthem as rigid. The stability of a ring of equal satellites is then
(= . . . .
zexamined.  Disturbances perpendicular to the plane of such a ring
.Lcannot produce instability. In .the plane of the ring the greatest
Sdanger to stability will exist when the number of undulations of the
=circle of satellites supposed oscillating about their mean positions is
éfhe greatest possible, that is, when equal to half the number of satel-
Zlites. In that case, for stability, the mass of the planet must be
Qgreater than '4352/t2 times the mass of the ring, where fi is the
Enumber of satellites. If this condition hold, four distinct oscillations
gof different periods and amplitudes will run round the circle of satel-
Clites. Results similar in their general outlines, though necessarily
—characterised by greater complexity, hold in the case of a ring of
—Sunequal satellites. The next hypothesis examined is that of an
Sannular cloud of meteoric stones revolving uniformly about the
Eplanet. It is shown that the average density of such a cloud must
obe less than 300 times that of the planet, otherwise destructive
Roscillations will be set up in the ring.

So low a density has been shown by Laplace to be impossible in a
ring revolving as a whole, so that the outer and inner portions cannot
have the same angular velocity. >

The final conclusion is that the rings of Saturn are composed
of an indefinite number of free particles revolving round the planet
with velocities depending on their distances from his centre. The
particles may be arranged in a series of concentric rings, or they may
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form a confused multitude revolving, but not arranged in rings, and
constantly coming into collision. In tbe first case the mutual pertur-
bations of two rings may at length reach so great a magnitude as to
cause their destruction. In the second the destructive tendency is
more rapid, though it may be retarded by the particles settling down
into concentric rings.

The most important contributions by Maxwell to the theory of
Elasticity are his paper on “Reciprocal Frames and Diagrams of
Forces,” printed in the “ Philosophical Magazine,” 1864, and a
memoir under an almost identical title read to the Royal Society of
Edinburgh in 1870. These papers contain many beautiful theorems
on the geometry and mechanics of frameworks, interesting from a
purely theoretical point of view, but also leading to important
practical results. The memoir of 1870 constitutes a substantial
addition to the subject of elasticity, and some of the graphical methods
have been adopted and extended in works on engineering. The
mathematical treatment of the graphical method of internal stiess in
this paper is remarkable for the beauty and symmetry of the expres-
sions and theorems obtained.

In the foregoing sketch of Maxwell’s writings we have grouped them
according to subjects rather than dates, thinking that in this way a
clear view would be gained of what he actually did in each subject.
We have thus been enabled to bring into prominence his greatest
memoirs and their connexions with one another. But there is still a
large number of mathematical papers, struck off from time to time,
and more or less important, of which we must omit any detailed
account. Among these are his papers on The Dynamical Top, on
(Governors, on the General Eaws of Optical Instruments, on Hamil-
ton’s Characteristic Function. There is also a large class of miscel-
laneous essays on scientific subjects, which, though not marked by the
same intellectual power as his great memoirs, are yet possessed of
distinctive excellences of their own. This class comprehends (u)
Articles in the “ Encyclopaedia Britannica,” to which may be added an
elementary manual on Matter and Motion ; (t) his Addresses to the
British Association, to the London Mathematical Society, and the
Chemical Society, the Rede Lecture at Cambridge, and Lectures at the
Royal Institution; (c) Essays and Reviews contributed to “ Nature.

In some of these essays the author allowed himself a greater lati:
tude in the use of mathematical symbols and processes than ii
others, the articles “ Atom,” ““ Capillary Attraction,” “ Constitution oi
Bodies,” “ Diffusion,” in the “ Encyclopaedia Britannica,” being, ii
fact, brief treatises on these subjects treated mathematically. Tin
subjects of his lectures and addresses were, in the majority of cases
one or other of those three departments of physics he had done s
much to extend—Colour Perception, Action through a Medium
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Molecular Physics. The Reviews in “Nature” were criticisms of
important memoirs or treatises on subjects in which he was interested.
In the whole series of these writings we find the same clear and
graceful delineation of principles, the same beauty in arrangement of
subject, the same force and precision in proofs and illustrations. The
style is simple and singularly free from any kind of haze or obscurity,
rising to a strain of subdued eloquence whenever the emotional aspects
&of the subject overcome the purely speculative. In the memoirs and
Sthe treatises we find a like clearness in the statement of principles
scombined with the use of an analysis at once direct and forcible,
<though perhaps unnecessarily condensed. It is seldom that the
ofaculties of invention and exposition, the attachment to physical
oscience and capability of developing it mathematically, have been
l,_)found existing in one mind to the same degree. It would, however,
Orequire powers somewhat akin to Maxwell’s own to describe the more
Sdelicate features of the works resulting from this combination, every
wipne of which is stamped with the subtle but unmistakeable impress of
Sgenius.
z
‘= Dr.John Jeremiah Bigsby was born at Nottingham on the 14th
ZAugust, 1792. He was the eldest son of Dr. Bigsby, who practised
sfor many years at Nottingham; and, as he was destined for the medical
gbrofession, he was sent first to St, Andrew’s and afterwards to Edin-
.Oburgh University to pursue his medical studies.
§ In 1814, he received the degree of Doctor in Medicine from the
~=University of Edinburgh; and, with the object of acquiring a practical
Zknowledge of his profession, he obtained in the same year the appoint-
fi:ment of resident physician (or physician’s clerk as it was then named)
Zin the Edinburgh Infirmary, the duties of which office he discharged
N . . . . . . . o,
=with great assiduity, while from his amiable disposition, and the
ginterest he took in his work, he won the esteem of everyone with
©whom he became associated.
:; After the practical experience he had gained in the infirmary he
Sentered the medical department of the army in 1816, and was em-
Sployed for some years in various parts of Canada, which not only
"Egave him the opportunity of improving his knowledge as a military
apractitioner but fostered a growing taste for geological pursuits, which
Rlatter was subsequently greatly strengthened by visiting various parts
of the United States, including New York, Washington, and Phila-
delphia. His reputation as a geologist led to his being appointed,
in 1822, Secretary and Medical Officer to the Boundary Commission
which had been in operation for a few years.
Dr. Bigsby left the army in 1823, and settled in Newark-on-Trent,
where he practised his profession as a consulting physician for a period
of more than twenty years, and having acquired, partly by marriage,



