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Professor Jenkin's activity was not, however, ?onﬁned. to
purely scieatific pursuits. The \-ery.importet'xt- pracical subjec
of healthy hovses largely engaged his attention during the la_at
gight or ten y of his life, an.d he' Puoceedcd B0 wcl! in
impressing its impdtlance on public opinion, t:{mt he obt.au?ed
the establishment in hany large towns <_>f Samtc'ary Pmtecg.lo..
Associations, He slso tobk great interest in .bcc.hm.cal educatgon,
and was always ready in woid and deed to aid in its promotion,
Hia literary abilitics were of 1y tmean ordcr,.md as a cribic he
made several marked Successes\ameng which I'ns reviews ?f
Darwin's Origin of Species and of un'm’s Luoretius (the atomic
theory) may be referred to as of high

also a Vice-Prasident of the Royal Society of Edinburgh, n M?mbg-.-.
of the Institation of Civil Engineers, and of .the Inatisution of
Mechanieal Engincers, and in 1883 he received the honorary
degree of LL.D. from the University of Qlasgow. He dxed‘ on
the 12th of June, 1885, after a few daye’ illness, due to a slight

surgical operation.
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274. Tue Scigxtiric WoRrk oF Sik GEORGE STOKES
[Osrruary Noriog)

[From Nature, Febraary 12, 1003, pp, 337, 338,

STOKES ranged over the whole domain of astural philosophy
in his work and thought; just one fleld—electricity —he looked
upon from outside, scarcoly entering it, Hydrodynamics, elas-
ticity of solids and fluids, wave-motion in elastic solids and
fluids, were sl exhanstively treated by his powerful and unersing
mathematics,

Even pure mathematics of n highly transcandental kind has
been enriched by his penetrating genius; witness his paper “On
the Numerical Caloulation of a Class of Definite Integrals and
Infinite Series®,” called forth by Airy's sdmirable paper on the
intensity of light in the neighbourhood of a caustic, practically
the theory of the rainbow. Prof Miller bad succeeded in
observing thirty out of an endless series of dark bands in o
series of spurious rainbows for the determination of which Airy
had given a transcendental equation, and bad caleulated, of
necessity most laborionsly, by aid of ten-figure logarithms, results
giving only two of those black bands. Stokes, by mathematical
supersubtlety, transformed Airy's integrals into a form by which
the light at any point of any of those thirty bands, and any
desired greater number of them, could be calculated with but
little Jabour and with greater and greater ease for the more and
more distant places where Airy’s direct formula became more and
more impracticably laborious, He sotually calealated fifty of the
roots, giving the positions of twenty black bands beyond the
thirty seen by Miller,

With Stokes, mathematics was the servans and assistant, nos
the master. His guiding star in science was natural philosophy.

" Coliected Mathematical and Fhysical Papers, Vo, 1 pp. 839—887, Prom
Cambridge Philosophical Boolaty, March 11, 18060,
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Sound, light, radiant heat, chemistry, were his fields of labour,
which he ealtivated by studying properties of mabter with the
aid of experimental and mathematical investigation,

His earliest published papers (Cambridge Philosophical Society,
April 25, 1842, and May 29, 1843, followed, November 3, 1844,
by n supplement) were on fluid motion; the second of these and
its supplement contained a beautiful mathematical solution of
the problem of finding the motion of an incompressible fluid in
the interior of a rectangular box to which is given any motion
whatever, starting from rest with the contained liguid st rest,
This solution, as shown in Thomson and Tait's Natural Philosophy,
§ 704 and 707, is also applicable to the very practical problem
of finding the torsional rigidity of a rectangular bar of metal or
glass.  For every oblong rectangular section, the solution may be
put in one or other of two interestingly different forms, which are
identical when the cross-section is square and are slways bath
convergent, One of them converges much more rapidly than
the other when one of the diametens of cross-section is more than
two or three times the other. Regarding these two solutions,
Thomson and Tait (§ 707) say*:—

“The comparison of the reaults gives astonishing theorems of
pure mathematics, such as rarely fall to the lot of those mathe-
maticians who confine themselves to pure analysis or geometry
instead of allowing themselves to be led into the rich and beautiful
fields of mathematical truth which lie in the way of physical
research,”

The 1843 paper contained his theory of the viscosity of Auids,
and his definite mathematical equations for its influence in Huid
motion, which constituted the complete foundation of the hydre-
kinetics of the present day, In the same paper, by reference to
known facts, with reference to natural and artificial solids, glass,
iron, indin-rubber, jelly, and results of experimental investigations,
he relieved the theory of elastic solids from what is now known
s the Navier-Poisson doctrine of & constant proportion between
the moduluses of resistance to compression sad of rigidity
(resistance to change of shape), and, following Green, gave us the

* [The theorem reforred to b3, howaver, a natuzal wenlt in the expsusion of the

Jacobian elliptio faretions, in tarme of which the solntion for the restauguiar aren
can now of ocurse be simply expressad.]
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equations of equilibrium and motion of isotropie elastio solids,
with their two distinct moduluses, which constitute the whole
theory of equilibrinm and motion of elastic solids as we have it
at this day.

Seven years later, building on the foundation he had laid, he
comtmunicated another great paper to the Cambridge Philosophical
Society ®, “On the Effect of the Internal Friction of Fluids on
the Motion of Pendulums"” In this paper he solved three very
diffieult problems, taxing severely the mathematical power of
anyone trying to attack them,

(1) The oscillations of & rigid glebe in & mass of viscous
fluid contained in & epherical envelope having for its centre the
mean position of the globe,

(2) The oscillations of an infinite ciroular eylinder in an
unlimited mass of viscous fluid,

(3)  Determination of the motion of a viscous fuid abous a
globz moving uniformly with small velocity through it

(4) The effect of fluid friction in cansing the rapid subsidence
of ripples in a puddle and the slow subsidence from day to day
of ocean waves when the storm which produced them is followed
by a calm.

Of solution (3) he makes & most nteresting application to
explain the suspension of clouds by determining from the known
viseosity of air the terminal velocity of an exceedingly minute
rigid globule of water falling through sir.  His formula for this
has been used with excellent effect in the Cavendish Laboratory
by Prof. J. J. Thomson and his research corps; first, I believe, by
Townsend in determining approximately the diameter of the
globules in & mist produced by electrolysis, by observing its rate
of subsidence when left to itself in & glass bell.

In the interval between the two greas papers of 1843 and 1850,
Stokes gave another magnificeny hydwkinetic papert,  Theory
of Oscillatory Waves,” containing & thoroughly original and
masterly investigation of a most diffieuls problem, the determination
of the motion of steep deep-sea waves. As an illustration of his

* December @, 1830, Math, and Phye, Papers, Vol, 1, pp, 1—144.

t Onmb. Phil, Soc. March, 1847, Math, and Piys, Papers, Vol. . pp. 147229,
with supplement first publisked in the reprint Nath. and Pige, Pagers, Vol, 1.
pp- 206826,
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results, he gives a diagram (M. and P. P. Vol, 1. p. 212) showing
the shape of a deep-sea wave in which the difference of leve)
between crest and hollow is seven-fortieths of the wave-length—
an admirable trinmph of mathematical power.

He proved (Vol. L p. 227) that the steepest, possible wave hag
a crest of 120°, with slope of 30° down from it before and behind,
He hoped to work out fully its shape, and would ne doubt have
succeeded had time permitted.

Four short papers of July, 1845, February, 1846, May, 1846,
and July, 1846*, show that in those early times Stokes had taken
to heart the wave theory of light. His later splendid work on
light has given such great results that even in the scientifie
world Stokes is often thought of only as & worker in optics and
the wave theory of light, Truly his work in this province is more
than enough for the whole life-time of & hard-working searcher in
science,

A short paper of great valuet, “On the Formation of the
Central Spot of Newton's Rays beyoud the Critical Angle,"
touches in its title a physical question of fundamental importanee
— What motion takes place sn the ether olose behind the perfect
mivyror presented by total internal veflection?  And the answer to
it given in the paper is admirably clear and satisfactory,

A little Iater, we find one of the most important of all of
Stokes's papers on light], “The Dynamical Theory of Diffraetion.”
This paper contains the full mathematical theory of the propaga-
tion of motion in a homogeneous elastic medium. It contains,
also, application of the theory to the disturbance produced in
ether by a Fraunhofer grating for the two cases of ineident light,
(1) with its vibrations in the plane of incidence, and (2) with its
vibrations perpendicular to that plane (therefore pamllel to the
lnes of the grating). Lastly, it contains a description of an
elaborate experimental investigation by himself, and a comparison
of the results with theory, from which he concluded that the
Plane of polarisation i the: plane perpendicular to the direction
of vibrations in plane polavised light. This conclusion, notwith-

* Math, and Phys, Popere, Yol. 1 pp. 141-—157,

t Camb, FPhil. Soe. December 11, 1848, Math, oxd Phys. Pspers, Vol, i,
¥p. 66—BL

$ Camb. Phil, Boo. November 26, 1845, Math. and Phys, Papers, Vol, .
rp. 248823,
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standing adverse criticism by Holtzmann®, was confirmed by
Lorenz, of Copenhagen+. The same conclusion was arrived at from
the dynamics of the blue sky by Stokea and Rayleigh, and from
the dynamics of reflection at the surface of a transparent sabstance
by Lorenz and Rayleigh, We may now consider it one of the
surest truths of physical science.

The greatest and most important of all the optical papers of
Stokes was communicated to the Royal Saciaty on May 27, 1852,
under the title “On the Change of the Refrengibility of Light]”
In this paper, his now well-known discovery of fluorescence is
described, according to which a fluorescent substance emita in all
directions from the course through it of & bsam of homoegencous
light. The periods of analysed constituents of this fuorescent
light, in all Stokes's experiments, were found to be longer than
the period of the exciting incident lightt But I believe
fluorescent light of shorter periods than the exciting light has
been discovered in later times.

Stokes found that the fuorescence vanished very quickly after
cessation of the incident Jight, A beautiful supplemens to bis
investigation was made by Edmond Becguerel showing a per-
sistence of the fluorescent light for short times, to be measured
in thousandths of n second, after the cessation of the exciting
light,

Stokes's fundamental discovery of fluoreseence is manifestly
of the deepest signifieance in respect to the dynamics of waves,
and of intermolecular vibrations of ether exzited by waves, and
causing fresh trains of waves to travel through the fAworescent
substance. The prismatic analysis of the fuorescent light for
any given period of incident light was investigated by Stokes for
a large number of substances in his first great paper on the
subject, and was followed up by further investigntions by Stokes
himself in later years, of which gome of the results are given in
his paper “On the Long Speotrum of the Eleetrie Light” (Phil,
Trans, June 19, 1862),

Stokes’s great paper on the refrangibility of light i the last
paper of the last volume (Vol. 1r) hitherto published of his

* Pogpendorf”s Anmalen, Vol. xarx, 1856, or PAY, Mag. Vol. xazz, p. 135,

+ Poggendor's Annales, Vol, 111, 1960, ox FM!, Moy, Yol. xxt. p, 32L
t Phil Trow, and Matd, and Phys, Papers, Vol. 111, pp. 259407,
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mathematical and physical papers. It is to be hoped that with
the least posible delay we shall have a complete collected re.
publication of all his other papers *. Every one of them, however
small, will in all probability be found to be a valuable contribution
to ecience ; witness, for example, his paper of twenty.one lines in
the Phil, Mag. for October, 1872, Let us hope that manuseript
may be found for the communication to the Royal Society
promised at the end of that paper.

Stokes's selentific work and scientific thought is bus partially
represented by his published writings. He gave genervusly and
frecly of his treasures to all who were forbu_nate enqugh to have
opportunity of receiving from lxit'n. His teaching me the
principles of solar and stellar chemistry when we were walking
about among the colleges some time prior to 1852 (s.vhen I vacated
my Peterhouss fellowship to be no more in Cambridge !'o.r many
years) is but one example, Many authors of communications
to the Royal Society during the thirty years of hm- secretaryship
remember, I am sure gratefully, the helpful and inspiring influence
of his conversations with them, I wish some of the students
who have followed his Lucasian lectures could publish to the
world his Opticae Lectiones; it would be a fisting sequel tho
“Opticae Lectiones™ of his predecessor in the Lacasian Chair,
Newton,

The world is poorer through his death, and we who knew him
feel the sorrow of bereavement,

* [The re-publiostion of Stokes's papara haa beon completed by the addition of

Vola. v, and v.; snd two important volomes of scientifte orrespondencs have been
addod, at Lord Kelvio’s urgent angseetion, for the rossons stated in the text.)
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275, Jaxes Warr.

An Oration delivered in the University of Glsagow on the
\ Commemoration of its Ninth Jubilee,

TiE name of James Watt is famous throughont the whole
world, in every part of which his great work has conferrad

\

benefits on mankingd in continually increasing volume up to the
present day,

\

It is fitbing that ﬁn\; University of Glasgow, in this ccle-
bration of its ninth jublee, should recollect with pride the
privilege it happily exercised n hundred and forty-five YOars ago
of lending s helping hand, and extending the beneficent solaos
of personal friendly intercourse of professors of mathematics,
philosophy, and classical literature, and giving & workshop within
its walls, to & young wan of no whjversity edncation, struggling
o commence earning a livelihood 'us'“u_ mathematical-instrument-
teaker, in whom they discovered something of the genius, dessined

\

for such great things in future, \

James Watt's paternal grandfather, Thomas Watt, was the
son of an Aberdeenshire farmer, who died in battle in one of the
wars of Montrose early in the soventeenth o ntury. As a poor
orphan, he was rescued from destitution by mw-volem. relatives
of whom no records are known. He settled in Carsedyke as a
tescher of navigation, or “ Professor of the Mathe aticks,” ns he
was styled on his tombstone.

Carsedyke, on the site of the present: Port-Glasgow, was a
borough of barony under a charter of Charles IT (1669), a mile
or two from Greenock, to which & charter had been granted by
Charles I thirty-four years earlier (1635) The two boroughs,
on¢ hundred years after Thomas Watt's settlement in Carsedyke,
kad together a population reckoned at 4100, But as carly as
1700 they possessed between them four ships and two barques
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