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OBITUARY  NOTICES ¥

FELLOWS DECEASED.

~

SIR GEORGE GABRIE[L STOKES, Panr. 1810—1903.

3 J E

v
.’"." [n common with 20 many l.l\.':‘?ém..l}-é‘.{] men Sir George Stokes i
wits the son of n clergyman. His father, Gahricl Stokes, who was
Rector of Skreen, County Sligo, married Elizabeth Haughton, and by
! her bad eight children, of whom Ge wis the young The
.1II'.'.' can.be traced back to Gabriel St R horn l'i"", v well-known ¢
engiveer in Dublin and Deputy Surveyor General of Ireland, who l
wrote o treatize on Hydeostatios and designad the Pigeon Hoenge Wall i
? Dublin. Harbour,  Thizs Galriel Stokes married Elizabeth King :
in V1 and among hia descendants in collateral hranches there arc [
werdl  mathematicians, a Regins Professor of Greek, two Regius !
Professors of Medicine, and a largo sprinkling of Scholave of Trinity
: College, Dublin, In more recent timez Margaret Sto the Irizh ‘
tiquary, and the Celtic scholnr, Whitley Stokes, children of the v
& ninent phy=ician, Dr. Willilam Stokes, have, among others, shed !
3 nthe nume,
i The home at Skreen was n very happy one,  In the excellent sea :
i r the children g up with strong bodies and active minds.  Of
1 great cconomy hadd to be practizad to meet the educations] !
. teeds of the family ; but in the Aveadian simplicity of a place when :
' kens cost sixpence and egies were five or six a penny, it was easy )
¥ fecd them, They were all deeply astached to their mother, a ‘
iful and severe woman who made Dorself feared as well as !

vt e ling and avithmotie from

! ¢ father who had been a Scholar of
f 1 o W " i: oreat « ::.)I[
|.l| P Y \ ' [
A
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200 (Nalsary Nodices of Fellows drevased,

swms better than the hook.  In 1832, at 13 years of age, he was
sent to Dr. Walls' schaol in Dubling and in 1835 for two yeavs to
Bristol Colloge, of which Dr. Jorrwrd was Principal. There is a
teadition that le did many of the propositions of Euclid, as prohlems,
withont looking nt the Look. He considered that he cwed much to
the teaching of Franciz Newman, brother of the Cardinal, then
mathematical muster nt Bristol College, and a man of great charm
of charactor a9 well us of unususl attainments.

On the first crossing to Pristol the skip nearly foundered ; and his
Wrother, who was escorting him, was much impressed Ly bis coolness
His halit, ofton remarked in after Life, of answer-
or “no,” when something more elahorate was

in face of danger,
g with oo plain @ yes
expected, is supposed to date from this time, when his brothers
chatfed him al warned Dite that it he gave “long Irish answers ™ he
wonld be Luaghed st by his school fellows.

It is =nrprizing to learn hat as i little oy he was passionate, il
linble to violent, if transitery, fits of rage. So completely was this
terdeney overcome that in wlter life his temper was remarkahly calin
and whoen nhout sixteon or soventeen,

andloven, He was fond of batany
collected butverflies and enserpillars. Tt iz narrated that one day
while on a walk with a frics] he failed to veturn the salutation of
some ladies of his noguaintance, afterwards explaining his conduct by
remurking that his hat was fall of heetles !

In 1837, the year of Queen Victoria's accession, ke commonced
vesidence at Cambridge, whese he was to find his home, almost witho
In those duys sports were not the

intermission, for sixty.six years.
fushion for rending men, but he was & good walker, and nstonished his
contemporaries by the strength of his awimming, FEven at a mw I
later date he enjoved encowsters with wind and waves in his sunoner
holidays on the vorth coast of Trelmwd, At Pembwoke College lii-
iond abilitics soon attracted attension, and in 1841 he

manthein
geaduated as Senior Wrangler and first. Smith’s Prizemnn, In th
aama vear e was elected Fdlow of his College.

After his degree, Stokes loat little time o applying his math

mationl powers to origina! il.'-'l“.!igll‘
four yoan there M :.0‘.”'(‘!' et deal

o

t During the next three or
ng with hydrodynamics, whevein

are contyined many standanl theorems,  As an example of these

nove
It had already loen shown by Lagrange and Earnshaw that in th
il

motion of s incompressitie foid i tew diviensions

velocities at any point yay le expressed by means of o 0

known a3 the streame-function, from the property that it 1

constant along any line of motion. It was fucther shown by Stoke:

ilar function in three dimensions when the motion !

[ hien b 1
that thers i= a sim

ltice. the w2e of a stream-function in three dimensions may he cited.

the componer
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simmetrical with respest to an axis,  For many vears the papers, now
under consideration, were very little known abroad, and some of the
vesnlts nve still attributed by Continental writers to other authors.

A memoir of great importance on the “Friction of Fluids in
.\lr-tlmn. ete,” followed a little later (1845). The most general
motion of & medium in the neighbonrhood of any point js analyzed
into three constitients—a motion of pure translation, one of prre
rotation, and one of pare steain,  These results are now vory familine;
it way assisl us to appreciate their novelty at the time, if w(:
recall thut when similar concluzions were put forward Ly Helmholta
twenty-three  yoars later, their validity was disputed by =0 acute
n critic az Bertrand,  The splendid edifice, concerning the theory of
inviseid fluids, which Helmboltz raised upon thess foundations is
the admivation of all students of Hydrodynamics. ;

' ‘ln :l]‘lf):}':ll,': the nbove purely kinematical analysis to viscous Muids,
‘“'oln::«l:,.:\‘: cltl;.:n. the following "?i.'mf'!::|.:;l,:.::;h,“. 'lhu.di!?'l-li-m'u
« g chrough any point I’ of &

i
i

ST o II!::'IQ v

id in motion and the pressure which wonld oxist in all dircetions

-

alout PP if tho fluid in its neighbourkood were in a state of relative
"ﬂ;'l;li'-l'i‘.:ll: depends only on the relutive motion of the flnid i.nmc-
dintely about P;oand that the velative motion ;
Haimated withont

0 Lo any motion of
flecting the difforences of the
i cevls him 1o genernl dynamicsl
equations, auch as had alveady been obtained by Navier ;l'r!.l‘nis-:(,rn.,

totation may be ¢

pressnres ahove montioned.”

starting  from more special hypothesos as to the coustitution of
Inttor, 4
Kinonztho virad: exasido v applicats -
| \'n ong the varied examples of the application of the genern!
vpations two may ho noted. Tnone of these, relating to the motion
I PR ) 3 L N . . o2 rS
EHmd hotween twa coaxial vevolving exlinders, an error of Newton's
wrectesd,  In the other, the propagation of sound, a2 influenced by

seedity, 38 examined, It is shown that the action of viscosity (w)

» L 5 3 4 . . .
o make the intensity of the sound diminish as the time inereases

Lo render the velo iy « { propassation less than it would fl-'-ll"l‘\\'i"l‘
oth ol 1 A1 ;
Both effects are gremter for high than for low notes ; It the

LI

vrmer depends on the fie power of o, while the latter depends only

tee', and may usally be neglectodl.

.['; the sume paragrapl there occur two lines in which & question

h has recently been disowssel on hoth sides, and trekted ns

R A8 e v ;
cliv, s dispased of The words are—*we may represent an

Mty disturtane S 1) S N 3 s
Jatnary disturfanee of the modinm a8 the aggregate of series of

all divections”

e Wnves projagato

.I-" the thind soction of the momoir wnder ronsideration, Stolkes

iies 1) RO Iine :

Hes the same principles wo fd the eqnuations for an elsstie solid

his view the twa clastic constants are tnedependent and not reducible
L 2
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1o one, as in Poisaon's theory of the conatitution of matter. Ie refers
to indiarubler as hopelessly violating Poisson’s condition.  Stokes’
position, powerfully sapported by Lord Kelvin, seems now to he
gonornlly acceptel.  Otherwise, many familiar materials must be
exclided from the category of elaatic solids.

In 18406 he communieated to the British Association & Repoit
on Necent Researches in Hydrodynamica.  This is & model of what
such a snrvey should he, and the suggestions contained in it have
inspired many sulsequent investigations.  He greatly admived the
work of Groen, and his comparison of oppesite styles may ofton reenr
to the reader of mathematical lucubrations, Speaking of the
Reflection and Refraction of Sound, he remarks that * this problem
had heen previonsly considered ly Poigaon in an elaborate memoir.
Toisson treats the subject with extreme generality, and his analysis is
congerpuently very complicated,  Mr. Green, on the contrary, Testricts
himseli 10 the case of plune waves, n enze evidently comprising nearly
)] the phenomena eonnccterd with this subject which are of interest in
w physical point of view, and thus is enabled to obtain his resulta by
w very simple sualysis. Indeed Me. Green's memoirs ave very remark-
able, Tath for the elegance and rigour of the analysis, and for the
i with which he arrives at most important results,  This avizes in «
great measure from his divesting the problems he considers of all
wineressry generaity ; where genendity is really of importance he dloes
wot shrink from it In the present instance there is one important
respect in which Mr, Green's investigation is more general than Poissotr=,
which is, that Mr, Green has taken the case of any two fluids, whereas
Poisson consideser] the case of two elastic fuids, in which equil
condensations produce cqual increments of pressure, It is cuvions
that. Poisson, forgetting this restriction, applied his formule to the
ame of air and water. OF conrse his numerical resalt is quite
crroneons, Mz, Green easily arrives at the ordinary laws of reflection
and refraction, He obtainsg also n very simple expression for the
intensity of ite retlocted sound, " As regards Poisson’s work 0
general thore wis no lack of appreciation, Tndeed, both Green .
Stokes may e veganlod as  followers of the Fremch school o
mathemnticias,

The weet etrsory uotico of Stokes' hydrodynumical researche
cunot close withons allusion to two important memoirs of somew bt
tor date. In 1847 he investigated anew the theory of oscillaters
waves, 18 on the surface of the ses, pursuing the npproximation so @
wr cover the case where the height is not very small in comparison with
the wavedength, To the reprint in * Math. and Phys, Papers ™ 0
adkled valuable appendices pnehing the approximation further by
pew method, atl showing that the slopes which meet at the crest of
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the highest pessible wave (capable of propagation without change of
tvpe) enclose an angle of 1207,

The other is the great treatise on the Yifect of Internal Friction of
Fluids on the Motion of Pendulums,  Here are given the solutions of
diticult mathematical problems relating to the motion of fluid abont
vilvating solid masses of spherienl or eylindrical form; also, a3 a
limiting case, the motion of n viscows #uid in the neighbourhood of

a mniformly advancing solid sphere, and a ealeulation of the resistence ®

experienced Ly the laster.  In the applieation of the results to actual
pondulum  observasions, Stokes very naturally assumed that the
viseasity of alr was propertional to density.  After Maxwell's great
discovery that viscosity is independent of density within wide limits,
the question assumed o different aspect; ated in the ropring of the
memoir Stokes explains how it happenad that the comparison with
theory wis not mote prejudiced by the use of an erroneous law.

In 1849 appeara] another great memoir on the Dynamical Theory
of Diffeaction, in which the huniniferows sther is treated as an clastic
aolid w0 constituted as to behave as if it were nearly or quite in-
Muny fundamental propositions respecting the vibration
of s edastio solid medinm are given heve for the fivst time.  For example,
there is un investigation of the disturhance due to the operation at
v point of the medium of 0 periodic force.  The waves emitted are
of cottrse syimetrical with respect to the direction of the force s axis
At distanee, the displacement is transverse o the yay and in the
phanie which inelucles the axis, while along the axis itsclf there is no
Incidentally a general theorem is formnlated connecting
the disturlences ilue o initial displacemonts and velocities, 1T any
winterin] svstem in which the forees neting depend only on the positions
of the paeticles be slightly disturbed from o peeition of equilibrinm,
und then left to itseli, the part of the subsequent motion which
depeneds on the initinl displucements nay be obtained from the pare
which depends upon the initial velocities by replacing the arbitrary
tanctions, o arbitrary comstants, which express the initial velocities by
owe which express the  corresponding  initial  displacements, and
Jitferentinting with respect to the time.”

Ode of the principal oljocts of the memoir was to deternine the

o of vibmation of the secondary waves into which in accordance with
Hiygens” principle a primary wave may be resolved, il thenee by a
comparison with phenomena observed with gatings to answer a
piestion then  wmuch ngisated but now  (unless  restated)  almost
destitute of meaning, vix., whother the vibrations of light wee pamlle]
o perpendicntar to the plane of polarisation.  As to the law of the
"'-»u-i.V.\' Wave Nt-n)(l'\' -'nlu-!!hiull i-\ \‘,\'nl‘cssw! ill ﬂl(‘ ‘U“-ﬂlillg
Slhot e 0, 4 = U, ¢ = i~ oy dee the displacements

vompressihle,

disturbanee.

Hoorem
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corvesponding to the incident light; let O; be any puint in' the plane !’,
25 an clement of that plwe adjweent to Oy and consider the dis-
tarbance due to that portion only of the incident disturlance wl}u_h
passes continually sernss oS, Let O le any point in the med}'-m.
gitnnted at & distanee from the point O which is largo in comparison
with the length of a wave; let OOy = 7, and Jet this line make angles
o with the direction of propagation of the incident light, or the axis
of = nd ¢ with the direction of vilwation, or the axis of = "l'hr:r
the dlisplacement at O will take place in a divection perpendiculas
to 00, and Iying in the plane Z0,0 5 and if ¢* Te the displacement
at O, veekones] positive in the dircetion nearest to that in which the
ineident vibrations ave reckoned positive,

S

b= ¢

-

(1 + cosé) sing . f" (W=r)

T partionbor, il
) .
I ("l g ') .0 ‘ill -\" i’t’ - i)y

we shall have

. 3 2> .-
- .“:_.I\_ (1l +coxs@zing.cos ~ " (W - )
3 2N A

Stokes” own experiments on the polarisation of light difTractl 1y
a geating led him Lo the conclusion that the vibeations of Jight
perperslicular to the plune of polarisation.

The law of the sccondary wave bere deduced ia doubtiess
puesible one, hut it seems qnestiomble whether the problem is really
so definite as Stokes reganded it A merely muthematical resclntion
oy e effeeterd inan infinite namber of ways; sl if the problem ©
n-_u‘;;hlul ns n physien] one, it then hecomes o qeestion of
charcter of the olstruction offered by an actual screen.

As yegands the application of the phenomena of diffraction to th
qiestion of e diveenion of vibration, Stokes” criterion finds 4 _|-rtlt
abject i the case of diffraction by very smal] pecticles disturling v

ptherwise uniform modinm, ne when o fine precipitate of sulphur fal-
from an agueons solition.

The work already referred to, s well as his general reputatios
matnvdly marked out Stokes for the Luaisian Professneship, which ¢!
vacant at this tme (1849). Tt s characterizsed thronghont by accuse
of thonght snd Incidity of stutement.  Analytical results nre I'\:-”
futerpreted, and are applied 1o questions of phyeical interest. Avit
mctie is nover shivked,

Among the papers which ac this time flowed plentifully from hi
pen, o On Atteactions, anel on Clainut'as Theorem ™ deserves specttd
mention.  Tn the writings of cavlior suthors the law of gravity as th
varions points of the earth’s sarfuee had Teen dedneed From more o

hi-
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less doubtful hypotheses us the distribution of matter in the interior
It wis reserved for Stokes to point out that, in virtue of a simple
sbeorem relating to the potential, the law of gravity follows immedistely
from the form of the surince, assumad to be one of equilibrivm,
that 1o conclusion can be dmwn concerning the internal discribution of
altyacting matter.

From an carly date he had inserested  himself in Optics, and
especially in the “Wive Theory, Although, not long hefore, Herachel
hadl written ambignonsly, and Brewster, the greatest living suthorisy,
wis distinctly hostile, the magnificent achiovements of Fresnel had
coaverted the younger gencration : and,in his own University, Airy had
made important applications of the theory, eg, to the explanation of
the rainhow, and w the difruction of object-glazaes. Theve is no sign
4 any reserve in the attitnde of Stokes.  He threw himself without
misgiving into the discussion of ontstanding difficulties, such as those
commessed with the wherrmtion of light, and by farther investigations
acceaded in bringing new groups of phenomena within the scope of
the theory. ‘

An early example of the Intter is the paper “On the Theory of
atain Bands seen in the Spectrun.”  These bawds, now known after
the name of “Talbot, ure seon when n spectrum is viewed throngh an
ipperture hali covered by a thin plate of micw or glass.  In Talbot's
ciew the hands ave produced by the interference of the two heams which
traverse the two halves of the nperture, darkness resulting whenever the
relntive returdation amounts 1o an odd mumder of half wavelengths.
This explanation cannot be accepted 13 it stands, heing opsn to the
sume objection as Arago's theory of stellar scintillation. A body
vmitting homogencous light wonll not hecome invisihle on merely
vovering half the aperture of vision with a half waveplate.  That
Talbot's view is insutficient is proved by the rvemnrkable olservation
of Hrowster—that the bauls are seen only when the retarding plate
i= helld towards the hlue side of the spectrum. By Stokes' theory
this polarity is fully explained, and the formation of the lands is
Jown o be connecterd with the limitation of the aperture, vix., to be
akin 1o the phenomena of diffiaction.

A little later we have an application of the general principle of
neversion to explain the perfect blackness of the contrsl spot in
Nowton's rings, which requires that when light pusses from a secoml
wedinm ta w first the coetficient of reflection skall e numerically the
cme ws when the propagation is in the opposite sense, bt Ve affected
with the reverse sign—the celebrated “ loss of half an undulation.”
The resuly is obtaited by expressing the conditions that the refracted
ol reflected rayvs, due to a0 gives incident ray, shall on roversal

":A'.',ul'vn-r thpt ray and o other
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[t may be remarkod thet on any mechanienl theory the reflection
from an infinitely thin plate must tend to vanish, and therefore that
# contrary conclusion G only mean that the theory has beon upplied
incorrectly,

A not uneommon defect of the eve, known as astigmatism, wag first
noticed by Airy. It iz dae to the eye refracting the light with
hfferent power in different plancs, so that the cye, regarded as an
optical instriment, is not symmetvical nbout itz axis,  As 4 consequence,
lines deawn npon & plane perpendicnlar to the line of vision nre
differently foeussed according to their dircosion in that plane, It may
Pappen, for example, that vertical lines afe well seen wuder conditions
where horizontal lines are wholly confused, and wier veresic  Afry had
shown that the defect contdd he enved hy eylindrical lenses, sneh a3 are
now common @ bt no convenient methal of testing hal heen propesed.
For this purpose Stokes introduced a paie of planocylindrical leases
of equal eylindrical enrvatnres, one convex and the other coneave, and
soomotnted wd to admit of relative rotation.  However the components
may e sittanted, the combinasion is upon the whole neither convex nor
cooeave. I the evlindrical axes arve parallel, the one lens is entirely
compensated by the other, It as the axes diverge the combination
Forms un astigmntic lens of gradually increasing power, reaching
muxittane when the axes are perpendienlar,  With the aid of this
instrument, an cye, almady focnssed a3 well as possible by means (it
nevessary) of a snituble spherieal lens, convex or concave, muy be
vorrectod For any degree or direction of xuligumliqn; nd from the
prsitions of the axes of the exlindrical lenses may be ealenlaved, by o
simple rule, the enrvatures of a single lens which will produee the
sne resulty It is wow known that there are comparatively fow eyes
whose vision may not be more or Jess improved by an astigmatic
lons,

Pussing over othee investigations of considerable importance in
themschves, especially that one the composition and  resolution  of
streums of polarised light from ditferent sonrees, we come to the great
memoir on what s now called Floorescence, the mest farqeching of
Stokes' experimental discoveries,  He “wana led into the researches
detailed in this yaper by consilering n very singular phenomenon
which Sir J, Hersehel hat discoverad in the ease of a wenk solution of
sulphate of quinine and varions other salts of the sume alkaloid
I'bis finid appears colowrless and tmisparont, like water, when viewel
by transmitted light, by exhibits in certain aspects w peenliar blne
colour,  Sir J. Hevschel found that when the fuid was illuminated by
hesm of ondinary daylight, the ue light was produced only thronghout
sovery thin steatum of fluid adjacont o the surface by which the light
entered. Tt was nopolarised, It passed freely through many inches of
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the fluid.  The incidens benm aftor having passod throngh the stratum
from which the blue light come, wis not sensibly enfeehled or coloured,
hut yet it had lost the power of producing the vsual Dlue eolour when
admitted into a solution of sulphnte of quinine. A beam of light
medifiedd in this mysterions manner was called by Siv J, Herschel
apipedised,

Several vears hefore, Siv D, Browster had discovered in the case of
an aleoholic solution of the green colowring matter of leaves n very
remarkable phenomenon, which ho has designated as inferan! dispevzion.
On admitting into this Buid a beam of sunlight condensed by a lens,
he was surprised by finding the path of the rays within the fluid
marked ly a )»ngllb light of a Wloodred colour, sbnngolv contrsting
with the beantiinl groen of the fluid itself when scen in moderate
thickness,  Siv David afterwands oleerved the same phenomenon in

arions vegetahle solutions and essential oils, and in some solide.  He

conceived it to be due to colonred particks held in snspension.  Bus
there was one cirenmstance attending the pheaomencn which seemed
very diflieult of explanation on such a sapposition, namely, that the
whole or i great part of the dispersed benm was unpolarisel, whercas
v beam reflected from swspended particles might be expectad wo he
polarisail Ly rveflection,  Aml sueh was, in fact, the case with those
heams which were plainly dne to nothing but particles held in
suapension,  From thv general identity of the circnmstances artending
the two phonoimena, 8ir D, Brewster was Jed to conclude thas epipolie
was merely a partionbse case of internal dispersion, peculiar only in
this respect, that the ravs enpable of dispersion were lispersed with
nusval rapidity.  But what mvs they were which were capable of
ffecting o solution of sulphate of quinine, why the active rays were so
pickly used wp, while the dispersed rays which they produced passad
ireely through the finid, why the wransmitted light when subjected to
prismiatie analysis shawed ne deficiences in theen regions to which, wish
speet o ll‘fk‘-lllKl'lllH). the dispersell mys chiefly helonged, wero
iestions to which the answers appearad w be involved in ns much
mrstery as ever,”
Such a ztnation wis well calenlated to nronse the enriosity and
mhisinan of a4 young investigator. A livle consideration showed
et it was handly possible o c\;;lum the facts withont admitting that
" nddergoing oll-tpo:nl--u the light 4.rmumvf e velenngibilste, but thas if
ihis vathor startling supposition was allowed, there was no further
dilenlty ; and experiment soon placed the fact of u change of refrangi-
hility bevond ddoubt, “ A pure up-.*'uum from sunlight having boen
wrmed o air in the usual manner, a glass vessel containing n weak
-l'l'l«u of =ulphate of quinine wis |-1 wod in it The rays heloaging
»the greater part of the visible spectrum passes] freely through the

s re e
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fviel, jiest s if it bad Loon water, heing merely veflected here amd there
from motes,  But from & point about kalfway hotween the fixed lines G
and 1 to far beyorsd the extreme violet, the ineldent rays gave rise to x
ligght of a <kyblue colour, which exnanated in all directions from the
portion of the Huid which wis under the infinence of the incident rays,
The anterior snrface of the blue space wincided, of course, with the
fnner snrface of the vessel in which the Auid was containel. The
posterior surface marked she distance to which the incideat rays were
able to penctrate bejore they were alsgrbed.  This distance was at
first considerable, greater than the divmeter of the vessel, Int it
decreaser with great mapidity a3 the refrangibility of the incdent rays
ineressed, so that from a little beyond the extrome violet to ‘the end,
the Mue space wis reduced to an excessively thin steatum adjacont to
the sarface by whick the incidont rays entered, Tt appears, therefore,
that this fluild, which is so trausparent with respoct to ncarly tha
whole of the vigille rays, 3s of an inky Mackness with respecs to the
invisible ravs, more refrangible than the extreme violet.  The fixed
linez delonging to the violet and  the invisible region heyond were
besatifudly ropresenterd by dark planes interrupting the blue space.
When the eve was properly placed these planes were, of course, projected
i lnes”

At o timo when  phowegraphy was of nieh less convenient
application than at present—even wet collodion was then a novelly—
the method of investignting the ultneviolet region of the speetrum hy
means of fuorescence wag of great value,  The olstacle presented ly
the imperfect wansparency of phres soon made itself apparent, aml this
material was replacel] by guentz in the lenses amd prisns and in the
mireor of the belinstat.  When the electric are was substivnted for
sunlight a great extension of the spectram in the direction of shorter
wave hoeame manifest,

Among the snlstances foed *netive ” were the =alts of nranium-—
an oleervation destined after nearly half o contury to hecome in the
hands of Necquerel the savting point of a most interesting scientific
atlvanes, of which we can hanlly yeu forsee the development,

Tt great variesy of @wes the refrangibility of the dispersed light
was fornd to be foae than thas of the incident.  That light is always
degreaded Wy Frorcseence s sometimes reforred to asg Stokes' law, Its
universality has Decn called in question, and the doubt is perhapa ssill
miresodved.  The point iz of considermMe interest in conneeticn with
theoriea of mdiation md the second Taw of Thermodynamics,

Assoviated with flworescence there i frequently seen n * false
ispdeson,” due to snspended particles, sosetivie of extrome minate
ness,  When o horizontal heam of falsely disperseil light was viewol
from above in @ vertiea) direetion, and mmlysed, it was found 10

?
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consizs chieflv of light polavisad in the plane of reHection, On this
fact Stokes founded an importaut argument as to the direction of
vibration of polarised light,  For < if the dinmeters of the (suspended)
perticles: be amall comparad with the length of a wave of lighe, it
seoms plain that the vileations in & reflected ray ecannot be perpei-
diendar to the vibrations in the incident ray.” Irom this it follows
that the divection of vibmtion must be perpendicular to the plane of
polazization, is Freanel supposed, anl the test seoms to be simpler and
more direet than the amalogous tess with Light diffracted from n grating,
It ahould not be averlooked that the argiiment involves the supposition
that the effect of a particle is to bod the ather

It wos ahout this time thay Lord Kelvin leamed from Stokes
“Noler and Stellar Chemistry,” T wsed always to show [in lectures
at Glasgow) o spivit Eoap Aane with salt on ity behind & &liv prolonging
the dark line 1) by bright contimation, T always gave your dynamical
explamation, alwavs nssertal that certainly there was sodinm vapouy
in the s atmosphere and i the atmospheres of stars which
show presenee of the D's, nnd always pointed out that the way to find
other silstances hesides sulim in the snn and stars was o compare
Laight lines prodvwesd By them in antificial Bones with dark lines of
the spectra of the lights of the distant hodies,"*

Stolees alwavs deprecated the awription to him of much cradit in
this matter: bt what is certain is, that had the scientific world Leon
acquuintel  with  the correspandence of 1854, it could not have
groeted the early momoir of KirchhofY (I85%) as a0 new revelation,
Thiz corzespondence will appear in Vol IV of Stokes" Collected Papers,
now Dbeing prepared under the editoeship of Prof, Lammor,  The
following is from a letcer of Kelvin, dated March 9, 1854 : Tt was
Miller's experiment (which you told me alone a long time ago) which
first convineal me that there must be a physical connection between
ageaey going on inand pear the sui, and da the fhane of & spivit Jamp
with salt on it T aever doubted, sfter T learned Miller's experiment,
that there and be such a connection, nor can T conceive of any one
knowing Miller's experiment and donbting. . . . . .. If it conld
caly be mudde out that the bright line 1} never ceenrs without sols, 1
shoull consider it perfectly cortain that there is sauda or sodium in
some state inor about the s, [ bright liees in any other Bames can
b trnced, as perfectly as Miller did in his case, to agreement with
dark lines fn the solar spectram, the connection would he equally
certain, to my mind, 1 quite expect a qualitative analysis of the sun’s
tmasphere by experiments like Miller's on other Aames"

13y temperanent, Stokes was overeattions, = We must not Lo oo
fast, " he wrote, e felt donbts whether the effoct= might not be due

Wt

* Letter to Srokes, paddishd i Edinburgh addness, 1871,
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to some constitnent of sodinm, supposed to be broken up in the electrie
are or flame, rather than to sodinm jtself.  But bis facts and theories,
if insuficient to satisfy himself, were alundantly enough for Kelvin,
aned would donbtdess have convinced othors, 1f Stokes hung back, his
correspondent was roady enongh to pusk the application and to
formulato the conclugons, ; :

It is difficnls to restrain a foeling of regree that these important
wdvanees wera no further publishal than in Lord Kelvin’s Glasgow
Jeetnres,  Poashly want of time prevented Stokes from giving his
attention to the question.  Prof. Larmor significantly vemarks thas
he hecmme Seerotary of the Royal Society in 1854, And the
reler of the Collected Papers can hardly fail to notice s marked
falling off in the specrd of production afver this time. The vetlection
sigyeats itself that scientific men should e kepe to seientific work,
anel shonkd not be tempted 1o assume heavy administiative duties, at
any rate until sueh time as they hive delivered theiv more important
messages to the world,

But i there was Jess oviginml work, science benefited by the
nssistanco which, in his position as Sacretary of the Royal Society, he
was ever willing to give 1o his fellow workers, The pages of the
w Proveedings ™ and © Tranzswtions ¥ abound with grateful recognitions
of help thns rendered, amd in many ases hic suggestions or comments
form not the last valnable part of momoirs which appear under the
names of others, It is not in human natuee for an author to be
equally geateful when his mistakes are indicaved, but from the point of
viow of the Socicty amd of seience in general, the serviee may he veey
great, Tt is known that in not a few eases the eriticism of Stokes wus
insteamental jo stppressng the publicition of serions errors.

No one conkl be more free than he was from anything like an
nnworthy joaloausy of his comriules.  Perhaps he wonld have heen the
hettor for n litde more wholesome desive for reputation,  As happened
in the cuse of Cavendish, too great an indifference in this respect,
especially i combined with o morlid dread of mistakes, may o«s_il,\'
lead to the withhobling of valuable ideas and even to the suppression
of elabwrate experimental worls, which it is often & lalour to prepare
for pullication,

In 1837 he warvied Miss Hobinzon, danghter of Do Romoey
Robinson, F.RS., astronomer of Armagh,  Their first residence was in
pooms over a nursery gardencr’s in the Trampington Road, where
they received visits from Whewell und Sedgwick,  Afterwards they
took Lensfiehl Cottage, where they resided until her death in 188
Though of an vosnally quiet mud silont disposition, he did not l!xku
heing alone,  He wis often to e seen at parties and pablic functions
anl, indeed, mrely declined iuvitations,  In later life, wlter he loul
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become Prezident of the Royal Society, the hardihood and impunity
with which he attended public dinners wore matters of general admira-
tion.  The nonsense of fools, or rash statemeénts by men of higher
enlibre, vavely provoked him to speoch ; but if didectly appealed to, he
would often explain hiz view at length with characteristic moderation
and Jucidity,

His experitmental work was oxecuted with the most modest
appliances,  Many of his discoveries were made in a nurrow passage
hehind the pantey of bis house, into the window of which he had a
shatter fixed with o gt in it and a bracket on which vo place erystals
and prisms, It was much the same in lecture,  For many years he
gave nn annual conese on Physical Optics, which wis pretsy gencrally
attended by candidates for mathematical honoure. To some of these,
at any rate, it was a delight to be taught by o master of his subject,
who wis able to inteodnee into hiz leeturea macter fresh from the anvil,
The presant writer well remombers the experimentsa on the spectra of
Wootl, communicated in the same year (1364) to the Royal Society. There
wis no elaborate apparitus of tanks and “spectroscopes” A test-
mbe contained the liquid und was held av arm's lengeh behind a slit,
The prism was o small one of 607, and was held o the ¢ye withous the
intervention of lenses,  The blood in o fresh condition showed the
¢haracteristic double band in the green,  On reduction hy forrous sale,
the douhle band gave plice to a single one, vo reassert itself aftor
agitation with aiv. By such simple means was a fundamental rasction
catahlizshod.  The impression left wpon the hearer was thas Stokes felu
bimself ns much a¢ home in chomical and botanical questions us in
Mathematios andd Physics,

At this time the scientific world expected from him n systematic
treatise on Light, and indead & book waz actnally advertisal ns in
preparation,  Pressure of work, and perhaps a growing habiv of pro.
crastination, interferol,  Many years later (ISE-1847) the Burne
Lectures were published.  Simple and aecnvate, these lectures ave a
model of what such lectares shonkd bey, but they hardly take the place of
the treatise hoped for in the sixtices,  There was, however, o valuable
report on Donble Refraction, communicated to the British Associntion
in 1862, in which are correlaterd the work of Cawchy, MacCullagh
al Green,  To the theory of MacCullagh, Stokes, imbued with the
v of the elastic solidd theory, did less than justice. Following
Groen, he took 100 much for granved that the clusticity of mther muse
live its (.rigin in .,"::."‘vu mofeon, and was Jed Lo Jronounce the incom-
patibility of MueCullygh's theory with the laws of Meochanica, Tv
bias reeently boen shown at length by Prof, Larmor that. MacCullagh's

ations may be inteepreted on the ~xlp;n.uiliull that what is resste |
not deformation, v wdefion, Tt is interesting to note that Stoke
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here expressed his helief that the true dynamical theory of double
vefraction was vet to be found, '

[n 1885 he communicated to the Society his olservations upon one
of the most cnrions phenomena in the whole rauge of Optics—a peculinr
internal coloured reflection from certain erystals of chlorate of potash,
The sent of the colonr was found to be a nurrow luy(-_r. pj:r)mps one-
thowsndth of an inch in thickness, apperently constitnung a twin
stratum.  Some of the leading features wero deserilied as foll'u.»u"s —

(1) If one of the crystalline plates be turned round in its own

planc, withons slteration of the angle of incidenee, the peculiar
vefloction vanishes twice in a revolution, viz, when the plane of inci-

denee coincides with the plane of symmetry of the cryatal, :

(2} As the angle of incidence is incrensed, the reftectad light hecomes

hrighter, awd rises in refrangibility, ' . '
.{.Sp The eolonrs nre not due o absorption, the sransmitted light
tering strictly complementary to the rc'd«_-tul.

(+) The coloured light is not pa:olnrl--fcl. ) |

(5) The spectrum of the rellocted lighs is frequently found to con-
aist ahmost entindy of o eomparatively narvow land.  In many ¢ases
the reflection appears to le almost total.

Sonse of thess peetliavitios, snch, for example, a2 the m‘mno:ccnvcﬁf
the reflection at pecpondienlar incidence, (!nllH. easily Te connected with
the properties of a twin plane, but the copionsness r.-f thellcﬂt‘.-:tulnf
at monlenite angles, as well us the high degree of selection, were highly
mavsterions.  ‘There is reason to think tlx..t they ‘lt'.}n‘n-'l upon
n"gnl.\r.n'.' nearly regular, altemation tf pwinming many times repeated.

Tt i« impossible here to give uu.\'flnug more than a mugh skct'rh'nlf-
Stokes' optical work, mnd many ninor papers mnst he pfuw.l Ve
without even mention. But thore ate two or three contrifations 1o
other sibjecta as to which & word mnst bee sniel. s

Dating ne far lack us 1857 there isa short but important (ll.ﬂ:llsf-lffl'
on the effect of wind npon the nteasity of sonnel. That aounul- 18
nsdly 11 howsd wp windl is a comnnd ohservation, lm¥ the explanation
ix loss simplo than is often suppossd. . The veloeity of m(ul(:mh'
winds in comparison with that of sowd is te0 small to le of (h.w:lz
importance.  The effect is atuributed by Stokes to the fact tlmt.wmt =
asnolly inerease overhead, so that the frons of & wave }vr'uu‘a:d)lllg up
wind 3¢ more retanded nbove than lelow, The front is thus ulle.-l:
a wave is propagated normally to ita front, sotnl proceeding
1o rise, anl so to pass over the heads of ohservers
Jovel of the sonrce, who Fd themselves, in fact, oo

naul sinee
np wind tenlds
sitmated at the
sont] <hivdow, .

In & more claborate memoir (1868) he discnsses the importi:

suhject

{ the communication of vileation fmom a vibrating hody t»
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a swrrounding gas.  Inomost cases a solid hody vibraves withows much
chunge of volume, so that the effect is reprezeated hy a distribution of
sources over the surfnee, of which the components nre rs much negative
a3 positive.  The resultant is thus laegely a question of infeference, and
it wonld vanish altogesher were it not for the different gitnations and
distances of the positive and negative eclemoents, In uny caso it
depends greatly upon the wor-length (in the gas) of the vibration
in progress. Stokes caleulates in detail the theory for vibrating
gpheres and evlinders, showing that when the wavelength is large
relatively to the dimensions of the vilrating segmeonts, the resultant
offect is enovmonsly diminished by interference.  Thus the vilrations of
a pianostring are communicated ¢o the aiv searcely ab all direetly, hut
only through the intervention of the sounding loand.

On the foundation of these principles he cuzily explains a eurious
observation by Leslie, which had much mystifiod carlier writers,
When a bell is gounded in hydrogen, the intensity is greatly reduced,
Not only so, hut rednction accompanies the actual addition of hydrogen
to ravefied nir. The fact is that the hydrogen increases the wave-
length, and w0 venders more complete the interfercnce hetween the
sonntlz oviginnting in the positively and negatively vibrating scgments,

The determination of the Jaws of viscesity in gases wis much
advanced by him.  Largely thiough his assiatance and aulvice, the fivst
decisive determinations at onlinary semperatures nnd pressures were
offected by Tomlinson, At a Laer period he hrilliantly took advantage
of Crookes' obsorvations on the decrement of oscillation of a vilwawe
i putially exhsisted space to prove that Maxwell's lnw holds up to
very high exbanstion and to trace the mode of suhseqnent departure
from it.  Thronghout the conrse of Crookes’ investigations on the
clectrie discharge in vacmum tnbes, in which he was keenly intereated
ad clagely concerned, be upheld the British view that the cathode
stream consists of projectad particles which excite phosphorescence in
obetacles by dmpact: and accordingly, after the discovery of the
Eoutgen rays, he eame forwanl with the view that they consisted of
very concententod spherical pulies travelling throngh the wther, but
dutributed quite fortuitonsly because excites! by the random collisions
% the eathode particles,

A complete estimate of Stoles” position in scientific history would
peed o eonsideration of bis more purely  mathematical writings.,
Opecially of those on Fourier series and the discontinuity of arbiteary

detants in semi-convergont expansions over a plane, but this would
il much space and another pen,  The present inadequate surve,
oy close with an allusion ta another of those © notes,” suggested by
ot | anay be worth notice that similar comluvions axe wmore simply resched by
veidorisg the paviiculsre case of u plave vibmting surface
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the work of others, wheve Stokes in a few pages illuminated & subject
hitherto olscare. By an adaptation of Maxwell's colour dingram he
showed (1801} how to represent the resnlts of experiments npon
ternary mixtnres, with reference to the work of Alder Wright, If
three points in the plane represent the pawre substances, all associations
of thom are quantitatively represented by points lying within the
For example, if two points represent water anl
cther, all points on the intermediate line vepresent associations of
these suhstanees, but only small parts of the line near the vwo emnd=
covvespoml to micfure,  1E the propotions be more nearly equal, the
association soparates indo two parts, If 4 third point (off the line)
vopresents aleohol, which is a solvent for both, the triangle may be
divided into twe regions, one of which corresponds o single mixtures
of the three components, amd the other o proportions for which a
single mixture is not possible.

A consideration of Stokes” work, even thongh linited to what has
bere been tonchel upon, can lead to 1o other concinsion than that in
many subjects, and cspecially in Hydeodynimics and Optics, the
aulvances which we owe to him are fusdamental,  Instinet, amounting
and accmmey of workmarship are everywhere apparent:
o can it be said that he has failed to
teed in the right divection. Bt much as he did, one can hardly
Hig that he might have done still more.  1f the activity in
oviginal sesearch of the fivsy fifveen years had heen suintained for twenty

harvest might have been gathered in.

years Jonger, much anldlitional
No tloult dissractions of all Xinds multipliod, anl he was very
During

prmetilions in the perfonnance of dutics more or leas formal,
the sitting of the hey Cambridge Commission he interrupted hiz
holiday in Treland to attend n wingle meoting, at which however, as
wis remarked, be senrcely opened his mouth, Hia many friends amd
took a different view from his of the relative urgency
of competing chima, Anything for which a date was not fixed by the
wature of the cse, stoad a poor chance. For example, owing to
projectal improvements and additions, the third volume of his
Collecte] Works was delayed wntil vghteen years after the seeond,
and fifty yeurs after the first appeanice of any paper it ineluded
this measaee of prompritude was only achieved under nch

trismgle so defined.

Lo genins,
and in seareddy i single instanc
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acdmirors nstally

ven
presare, privite anl official,

Jlut his interest in matvers scientifie never failod,  The intelligence
bvances made by others gave him the greatest joy. Notably
wis this the mse in late years with regard to the Rintgen vays
He was delightod at seving a pictire of the arm which ke had hroke:
sixty years before, anl finding that it skowed clearly the unitol

fractnre.
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A]tpuugh this is not the place to dilats upon it, no sketch of Stoke
n omis to allude to the exmestness of his religious life Il.l v I;’
years he seems 1o have been oppressed hy certain theological 'qliﬂi('ul;i :
und was ot exuc thy what was then considered orthodox Aftorwa.r:,
he saw hm way more clearly. In later life he tock p:tr.t- in the worl:
f‘f the Victoria Institute : the spiriv which setunted hLim wmay |
Jl.ldg(‘(l'fmm the concluding words of an Address on Scie e )‘l’
Rlﬁ'l‘lllt.lﬂll. “But whether wo agree or cannot a l'u; wl']tcl? nt.;l‘
concluzions ab which & sciemtific investigutor may have tfurim«ll ‘l 1) :
ihove .nll things, beware of imputing evil motives to him, of *i s
lims with ndnl')(iug i< conclnsiona for the purpese of opp(':sin L'a:'a):'gt.m'g
revealed,  Sejentific investigation is eminently truthful -'l”li in: Azl's
gator may b weong, bt it does not follow he is other than trl(;ll'l-
loving.  TF on some subjects which we deem of the highest in‘m 'ornn‘l.
he does nov agree with ws and yet he may agree with us e xl‘- ' ;0
than wo suppese—let s, remembering onr own imperfecti .1 !K\"J

R | . nperfections, both of
unde standing and of practice, hear in mind that cantion of the Apostle :
“Who art thouw that judgest another man'’s servant ? g RO
master he standeeh or fullech,” ‘

Scientific honours were showered upon him.  He was Foreig
‘.\'\-..cl.nc of c.lw Fronch Institute, and Knight of the J’rus-:i-m 0(' l&"
Powe le Mivite. He was awanded the Gonss Medal in I‘S"'I r(l;l‘]'
Aragn on l_"lc oceasion of the Jubilee Celebration in 1860 -:' f.l lL
Helmholez in 1001, In 1589 ke was made s« Baronet -ohn. L‘Ixu"xl'rn:r::

Ta Lis own

'l‘f"".",'““i'“' of l.fml .\‘.u‘l:'Jn.u(\'. From 1887 1o 1891 he reprosonted the ATk
viversity of Cambridge in Parliament, in this, as in the Presideney ul'“ff/'

A

A A R T R S
' ¢ Society, f-:ll wing the exumple of his illustrions predecessor in the
‘:“"'l.\;il” L.]I-d!‘. He was Seeretary of the Bocioty from 1854 to 185 |
resident from 1885 to 1890, roceived i ) l
! dived the Rumford me in 185%
iwd the Copley in 1803 - l
' h.l:ul the most emarkable testimony by fur to the eetimation in
(4. .--ll .Iu- wis el by his scientific contemporarics was the gthering at
“.nu widge in 1899, in celebration of the Jubilee of his l’mlcqrq\;hip
] -|u of renown flocked from all parts of the worll to do him .h.'unage.
-.»' were ds ek steiek by the modesty and simplicity of th'
e ) 2% Lh i 0 . 2
".u. :munr as th’l.'v Tl previously heen by the brillianey of his scientific
“hievements,  The beautiful lines hy bis wllaygne, Sic R, Jebb, cited
WIIT.‘ were written upon this ooasion, ’ ’
‘ 'l'hvw is dittle more to tell.  In 1902 he was chasen Mustor of
e . ) 1 i
.".ll('!nkz. ) Bt !w‘ dil not long survive, At the nnnual dinner of
- |.nu'm-1g|' Philosophical Soviety, hell in the College about a
.»ixxx lwam-.- his death, he managed o attend thougl very il
made an admirable spes ecalli i d i i i '
ey s ki -'.o..«,_ b, lﬂallmg_mll) ,In..rnnng simplicity and
v bis Dfclong dntimate connection with the College, to the
B
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Meustorship of which he had recently heen ealled, andd with the Society
throngh which he had publishec much of his scientific work, Near
the end, whilo conscious that he had not lang to live, he retained
hiz faculties unimpaired ; only during the lust few hours he wandereld
slightly, and imagined that he was addressing the uncergraduates of
iis College, exhorting them to purity of life.  He died on the first
of Fehruary, 1003

Clear mind, strong henrt, trie wernt of the light,

Triee ta that light within the soul, whos wy

Pare aud serone, hath brightened en thy way,

Hononr and pruisd sow erown thee vt the height

Of tranguil yesrs, Forget ful nes= and night

Slundl spare thy faee, when i sowe lunger by

Of hnowledge pet wmbivam'd, Time makes 3 prey

OFf wasny u Aeod merl nsune that onee wore brighvt,

Flaou, withont liaste ox pane, fnon youth to age,
Wast moval with suse steps to thy geel.  dud thine
Fhal sury rossowyn whiel siae o Wlrmis 1o s,
Borse Nvun afar. Yot wisdom shows o sigh
Vipctor, through all 0hy dife, thamn zlor ‘s vuge-
Ahy stvngthy Tt seated on the Love Divizie,

JORD ARMSTRONG.  1810--1900,

LonbhArmstrong, F.ILS, died Decembor 27, 1900, at the venerable
sge of M The preparation of this hvicl memoir, by one who ;ma
for many Years closely nssocinted with him, has Lboon dlelayed 1,
unavoidableanses, A full biogmphy of kim has yet to he [uxiﬂiahe-!:’:
within tho seape of an article like this it is in‘m«ii-!c 6 do mone lvlmn'
ennmerate the frincipal episodes in the caroer of on whosoe -l.n"s were
a0 many, whas interesta were so virdous, and Ahe sum of wh@
nchievemonts was %o constderable, /

: Willinm Gieorge\Armstrong was horm in Phéfsant Row, Shiekdfield
Newcastle-uponTend, on November 26, 1310, His futher holonged
to Cumberland, sud migrated to Newesstle o€ the end of the ei ].wcl;gh
centary.  He must havd\been 2 man of vz'{xmctor and ul.ilirf i-:;r he
eame o the town asa el in a corn merehant's office, and }:1.:111 this
:unl heginning rose to m.nu,-r-.-i.xl,"iwlopmvleuw and nuvmicivml
importance,  After serving fyr many Aeirs as w member of the ’l'o‘wn
Uonneil he was elected Mayorin 1560, He was also, and the fact ia
OF imterest in connection with\his son's reputation, equipped with
in lt:mie fffn' Yce;u'l’:in;.;. and wasz &pecially fond of mathematics, e
selped to fonnd the Literury midl Rhilasophical Society of Neweastle-
npor-Tyne, and joineld in :m{ivw mr I:cmlutviwol (li-*tllﬁ"l‘i().l{ﬁ.hvff“‘l:'lls;;:}(;l
4 etrions old manuseript reegnd i stiN extant.  Among these trans
Actions is to he fonnd a pagrage where W Armstrong is assailed by
it Mr. Howard, with an swpzing wealth of\jnveetive, upon « «'&{estion 50
v..u}ting.iu exeitenment to/most #s the valwh in algehea and uu;mnct|' r
of imaginary quantitis.  He wmarvied Mixs Potter, of \"\-'nll)ollli
-!lull. and two chilreh wore Yorn to him, a langhter, wha hcn‘an-.
i 1826, the wife af William Watson, afterwands a’lhrcn (r;' l.l:;
Exchequer, and u/son, the subject of the prgsent sketch.  Mr
.}mmmng lived fo the age of 80, and died in 1857, by which (is:l‘é
Ihe renown of hig son was estahliched, \ v '

The future ¢figincor, who in enrly life was a delicath ohild, was sent
w 1820 to the firmmnr Sehool at Bishop Ancklund, where he boardad
with l-ho I:L"-'. . Tl!nmqnu!l. .\!ll'-‘llul(‘i of his hm']:uu(l “3\.:‘.3 RIS uul
[ossibly apt_n.‘l'j.‘ph-l'. Ho seems soon to buve ‘“ﬁpli‘lvml a fnll-'.l;:es;.l'm'
mechanical toys, and a curiosity as to the sanner in whick Qn:-h tuys
rocked, but thore is not mnel evidenee that he showed tjmso -..-h:u‘.:-:-

dsticd in o more marked degeee than many boya before and sinee

However as he o
owever us he grew older his hent towands mechanics bocanse wmore
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