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tarph, 186S. 2. ‘Bums in Drams, to°

gmf_(: with Saved Leaves,” Edinbuargh.

187, & collection of Literary writings.

3. ' Darwinianism : Workmen and Work, |
Edinburph, 1894, an acute criticism of the
Darwinian theory of evaluntion. 4. ‘ What
ut Thought ?* Edinburgh, 1900. 5. ‘The

Categories,’ Edinburgh, 1903; 2nd od:t.i
1907; an appendix to the former book,

both further elucidating the Hegelian

peeition.

A painted portrait by Stirling’s daughter
Florence is in the possession of the family.
There 3z also a black-and.white deawing,
of which a repliex i in the philosophy
dassroom of St. Andrews University.

[A bicgraphy of Stizling, by his dsughter
Auwelia, is in course of publeation.]

E. 8. H.

STOKES, Sm GEORGE GABRIEL,
frst baronet (1819-1903), mathematician
and physicist, born at Skreea, oco. Sligo,
13 Aug. 1819, was youngest son of Gsbriel |
Stokes, rector of Skreen, by his wifo Eliza-
beth, daughter of John Hsughton, rector |
of Kilrea, co, Derry.  First educated at|
Dr. Wall's school in Dublin from 1831, he
procended in 1835 to Bristol college under
Dr. Jerrard, the mathematician, and
enterod Pembroke College, Cambridpe, in
1837, becoming semior wranpler, first
Smith’s prizeensn, and fellow of his college
in 1841.

In Lis early Cambridge yesrs he extab- |
lished & clozo scientific friendsbip with ;
William Thomson (afterwards Lord Kelvin) |
[q- v. Suppl. II], which gathered force |
throughout their long livea.  Both were im.- |
pelled by the keenest interest in the advance
of scientific discovery, but their endowments \
were i some  reapects  complementary. |
8tokes remained & student throughout his
life, closely pondering over mathematical
questions and the causes of nataral pheno-
meoa, perhaps over-cautious in drawing
ocmelusions and in  publisation of his |
work, remarkable for his silence and |
atatraction even in crowded assemblies, |
bot an excellent man of affairs, inspiring |
universal confidence for directness and im. |
partiality in such administration as came to
him. Thomson, during all his carver, took
Stokes as his mentor in the problems of
pare scietice which he eould not find keisure
to probe fully for himself ; and, though their |
opinions sornetimes clashed, yet in the main
00 authority was with bim more decizive
or more venerated (han that of his (rsend,
In 1845, at the end of his undergraduste
course, Thomson took over the cditorship
of the ‘ Cambridge Mathomatical Journal”

Stokes

from Robect Leslis Ellis (q. v.), and for the
following ten years his own contribationa
and those which be obtained from Stokes
made that journal a8 classic. In 1549
Stokea was appointed Lucasian professor
of mathematics at Cambrxige, and bhe held
the post till his death.

In his carly yecars of rcsidence as a
graduate  Stoke: promoted most con-
spicnously the development of advanced
mathematical knowledge at Cambrdge.
His own carliest work was mainly on the
science of the motion of Ouids, which he
found in the preliminary staze in which it
had been left by Lagrange, notwithstand.
ing some sporsdic work done by George
Greea [q.v.), then resident ab Cambridge; in
& fow years he developed it into an ordesod
mathematical and experimental theory.
To this end, in addition 10 a very complete
discussion of the pheoocmena of waves on
water, he coeated, in two great memoirns f
of dates 1845 snd 1850, the modera theory ‘]
of the motion of viscous fluids, n subject
in which some beginnings bad been made |
by Navier. In the later of these momoirs
the practical applications, especially to
the important subject of the correction of
standard pendulum obeervations for aerial
friction, led him into refined extensions
of mathematical procedure, necessary for
the discassion of fluid motion around

| spheres and cylinders; thess, though now

incloded under wider developments in
pure anslysis, bave remained models fore
physical diseussion, and have been since
extensively applied to acoustica and other
branches of physical science.

In the acienco of optics he had already
in 1849 publizhed two memaoirs on Newton's
colour rings, treated always with
dynamical implications; one appearcd
in 1851 establishing on a firm physical
basts the explanation of Newton’s colours
of thick plates ; and be had elucidated the
principles of intesference and pt)l:ui-;:\' wn
in many directions. In 1840 a new path
was opened in the gress memoir on “ The
Dynamical Theory of Diffraction,’ which-
deaks with the peneral problem of propa-
pation of disturbancez spresding from vi-
brating centres through an elastic ether, sad
in which mathematical expressions were
doveloped wide enocugh to include the
Hertzian theory of clectrical vibrations and
other more recent extensions of the theory
of radiation. A side pmblem was the
l'inl'fllU"'lf.'L: .m-c-'.i;v_uim of the di.',plhl‘t.\
ment of the place of polarization of light
by diffraction, i order, by comparizon
with the theory, to ascertain the relation
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of the plane of its vibration to that of
its polarisation. Such a delerminstion,
though fundamental for a purcly dynamical
view, i3 not essential to the consteection of
an alequate formal account of the pheso-
mena of radiation, and the workers in the
modern electric theory have boen content
in the main to stop short of it

The calculations relating to corvections
for pendolums had led him into pure
analyas connected with Bessel functions
and other harmonse expansions ; in various
subsequent memoirs he established aod
justified the semiconvergent geries neces-
sary to their anthmetical uss over the whole
range of the argument, thus making peac-
tienl advances that wese assimilated only
in laster years into gemeral analysis.
Likewise the discrepancies which he
encountered in practical applications of
Fourier's theory led him as early as 1847
to s reasoned cxposition of doctrines,
now fundamental, relating to complete
and limited convergence in infinite serica.
Hero and elsswbere, bhowever, his work
developed rather along the path of advanoe
of physical scicnce than on the lines of
formal pure analysis; and the recognition
of its mathematical completeness Wwas in
conzequence delayed.

In 1859 great interest was excited by
the announvement of the discovery and

development of spectrum  ansly= by |

Kirchboff and Bunsen, sod its promised
revelations reganding the sun and starz by
means of the Fraunhofer lines, an advance

which was introduced to English readees |

by Stokes's tranzlation of their carlier

papers. It was soon clzimed by Willinm |

Thomson (Lord Kelvin) that be had been
familior with the scientific poesibilities in
this direction since before 1352, having
been tsught by Stokes the dynamical con-
nection between the opacity of a substance
to special radintion and itz own power of
emitting radiation of the same type. ‘l'he
theoretseal insight thues displayed, on the
basia of the interpretation of wolated ebaer-
vations, was, of courze, no deteaction from
the mernit of the practical establishment of
the grest modem science of spectoum
analyzis by the former workers: yet the
feeling in some circles, that such & claim for
Stokes was not quite warranted, was only
set at rest by the peethumous discovery,
among hiz papers, of 3 detailed eorrespond-
ence with Tord Kelvin on this subject,
mainly of date 1854, which is now printed
in vol. iv, of his * Collected Papers' (el
pp 126-36 and 267-76).

But in fact it was hardly nocesmary to

wait for this evidence: for the same
general considerations had already entered
casentially into Stokes's discossion of one
of his mest refined and signiicant ex.
perimental discoveries, Shortly after he
catorod on the stady of optics as o subject
for his activity m the Lucssian chair as
Cambridge, his attention was attracted ¢
the blue shimmer exhibited by quinine in
strong illuminalion, which had been investi-
gated by Sir Johin Herschel [q. v.] in 1845,
He zo0n found (1552) that the phenomenon
was ot vadance with the Newtonixn
principle of the definite prismatic analysis
of light, = the blue colour appeaced when
it was not o constitwent of the exciting
radintion.  He discovered that this emizsion
of light, ¢alled by him fluorescence from
its occurrence in Ouor-apar, was provoked
mainly by rays beyond the viclet end of
the visible spectrum ; and as a bye-producs
he thus discovered and explored the great
range of the invisible ultra-violes spectrum,
having found that quartz prisms could be
used for its examination, though glass was
opaque. Discussion of the exceptional
nature of this illumination, ceeated by
immersion of the substanoe in radiation of
a different kind, necessarily led him into
clase serutiny of the dynamics of ordinary

'abaorption and radiation; snd the idea

of a medium absorbing specially the same
vibrations which it could it=elf spoatane-
ously emit was thus fully before him (cl.
§ 237 of the memoir),

Another mathematical memoir (1878),
supgested by the fecble communicstion
of sonnd from a bell to hydrogen gas,
clacidated the circumstances which regulste
the clozenesa of the grip that & vibesting
body getz with the atmosphere; and ita
idens have alo wider application, to the
facility for emission sod abeorption of
radiations of all kinds from and into the
vibrating bodies which are their sources.

In two memoirs:of date 1849 (Papers,
i 104-121), on the variation of gravity
over the earth’s surface, be became wirtually
the founder of the modern and more
peccise  scicnce of geodesy. Tho funda-
mental proposition was there established, as
the foundation of the subject, that the form
of the ooean level determines by itselfl the
distribution of the earth's sttraction every-
where outaide i, without requinng any
roference to the internal constitution of the
carth, which in this regard must remain
eatirely unknown.

His earlier scientific wock, with that of
Helmboltz and Lord Kelvin, may be said to
mark the breaking away of physical scicace
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for this evidenes: for the BAIne
ral conssderations h.}d ;[m;ujv enterpd
tially into Stokes's discusiion of one
13 moest refined and significant ox-
nental  discoverics, Shortly after he
rexl on the s.‘.}zd}' of optics as & subject
s activity in the Lucasian chair a4
bridge, hiz sttention was attesoted 1o
blue shimmer exhibitexd by quinine in
g illumination, which had beon investi.
1 by Sir John Hersckel [q. v.] in 1843,
oon found {1852) that the phéenomoenon
at  varianoes with the Newtonian
iple of the definite prismatic analysis
2ht, &3 the blue colour appeared when
a% not a constituent of the exciting
wtivn. He discovered thas this emission
ght, called by him finorescence frons
OSTITCNCD in Huor-spar, was provoked
ly by raye beyond the violet end of
risible spectrom ; aad s 2 bye prodisct
s discovered and explored the preat
w of the invisible ultes-violet spectrum,
ng found that gquartz prisma could be
for its examination, though glass was
jue.  Discwesion of the excoptionsl
re of this llumination, coreated by
srzzon of the substance in radiation of
flerent kind, necezsarily led him into
» seratiny of the dynamics of ordinary
rption and radistion; and the ides
medium absorbing specially the same
ations which it coold itzelf spontane-
y emit was thus fully before him (cf.
/ of the memoir).
pother mathematical memoir (1878),
ested by the feeble communication
wund from a boll to hydrogen pas,
idated the circumstanees which regulate
closneas of the grip that a vibrating
v gets with the atmosphere; and it
# have also wider application, to the
ity for emission and absorption of
ations of all kinds from and into the
ating bodies which are their sources.
1 two memois of date 1549 (Papers,
04-121), on the variation of gravily
r the carth’s surface, he became varteally
founder of the modern and moare
e seience of geodesy. The funda.
tal proposition was there established, &
foundalion of Lhe subjoct, that the form
ke ocean Jevel determunes by itaclf the
ribotion of the esrth’s attraction every-
r¢ outside it, without requiring any
rence to the internal constitution of the
h, which in this regard must remam
rely unknown.
lis carlier scientific work, with that of
mboitz snd Lord Kelvin, may be said to
k the bresking away of physical science
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from the & priori method depending on | part in the procoodings of the Victoris
laws of atéraction, which was inberited | Institute in London. which was founded for
from the astronomers; for this there was mquiry into Christian evidences.
subatituted o combination of the powerful |  Stokes received in his later years pearly
anslysiz by partinl diffecentials, siready | all the honours that are open to men of
cultivated by Laplace snd Fourier, with | science. He was ddent of the British
close attention to the improvement of | Association at the Exeter meeting in 1869,
physical ideas and modes of expression of | In 1585 be sucoseded  Professor Huxley
natural pbenomena.  The woy was theroby | as peeident of the Royal Society, holding
prepared for Clerk Maxwell's interpreta. tho offiee till 1890, when be was himself
tion of Faraday, and for the modern wide | succeeded by his friend Lord Kelvin; he
expanzion of ideas remained an the council ns vios-president twao
The copious carly output of Stokes's vears longer, and on his retirement he was
own original mvestigation slackened towards immediately awarded in 1893 the socicty’s
middle life, In 1851 he had been elected Copley moedal. On the death of Beveaford-
FRS, and next wear was awnrded the Hope in 1887, he was clected withons
Rumford medal for hiz discovery of the oppogition, in the consarvative interest. one
asture of fluorescence.  In 1854 be became | of the members of pacliament for Cambridge
secrotary of the Royal Society, and the University, and he sat in the Howse of
thirty-one years of his tenure of this Commons 4ill 1891. He was a royal com.
office (1854-85) were devoted larpely to | missioner for the reform of the University
the advancement of seience in England and | of Lendon (1888-9). In 1889 he was created
the improvement of the publications of s baronet (6 July). In 1899 the jubiee of
the Royal Society. There wero few of the | his tenure of the Lucssian chair wai oele.
mémoirs on physical scionce that puwsed | brated st Cambridge by = notable inter.
to peeas through his handa that @id mot | national assembly, Through the fricndship
include valuable extensicns and improve- | of Hofmann, Heimbolts, Comu, Bocquere],
ments arsing from his sugzrestions. When | and other distinguished men, he bosame
the Indian geodetic survey was estab- | in his ates years widely known abroad ;
lished, ke was for many years ita informal | and the Prussian order powr le mérite
but laborious scientific adviscer and guide. | and the foreign associsteship of the Insti-
The observatory for solar physics, which | tate of France were conferred on him. At
was founded in 1578, was indebted to bim | his jubilee celebration the Institute of
in s zimilar mannce. His sciontific initiative | Franes sent him the special Arago medal ;
s a member of the meteorological council, | and he was one of the early reciprents of the
who managed from 1871 the British Helmholz medal from Beslin, He received
weather servics., was o dominant feature henorary doctor’s degrees from Rdinburgh.
of their activity, During these years the | Dublin, Glasgow, and Aberdeen, 2z well as
tmpecfeet endowment of his chair at | from Oxford and Cambridge. In October
Cambridge made it necessary for him to | 1902 his colleagues of Pembroke Colkege,
smpplement his income from other sources : | of which he had long been fellow and of
thus he was for zome time lecturer at lste years president, elected him  Master.
the School of Mines, and 3 secrctary of | He died st Cambridge on 1 Feb. 1903,
the Cambridge University Commimsion of | and was buried thers at the Mill Road
1877-81.  He bad vacated his fellowship | cemetery.
&t Pembroke on his maeriage in 1867, but | Stokes married on 4 July 1857 Mary
wiz re-clected under a new atatute in 1864, | (4. 20 Dec. 1898), danphter of Thomss
In 1883 Stokes was appointed, under a ' Romney Robinson, the astronomer [q- v.),
new scheme, Burnett lecturer at Aberdeen, | and left issue two sons and one daughter,
and delivered three courses of lectures on | His elder son, Arthur Romney Stokes
“Light’ (1883-5), which were publiabed | sucoeeded him as second barvaed.
in three small volumes (1884-7). Tn 1891 |  Stokes's writings bhave been collected
be became Gifford lecturer at Edinburgh, | into five volumes of ‘ Mathematical and
and delivered other three courses on the | Physical Papers® (Cambridge, 1890-1905)
tame general subject (1801-3). The thewme | of whick the first three were carefully
inall these courses was treated from the | edited by himeelf, and the otber two were
paint of view of natural theology, as the | prepared pesthumounsly by Sir Joseph
teems of the foundstions required.  His | Lermor, his succemsor in the Lucasian

intercots 02 & churchman sad theologian | chair. Two volumes of his very important
were atrong through life, and found ooea- | ¢ Scientific Correspondence * were published
ticnal expreasion in print.  He often took |in 1907 under the same editorship, and
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inctudo  biographical memair (pp. 1-90)| Returning home from the Capein October

prepared mainly by his daughter, Mrs,
Laurcace Humpary.

There is o porteait by G. Lowes Dickinson
in Pembroke College, and one by Sir Hubert
von Herkomer at the Roysl Society ; murble
busts by Hamo Thoroyereft wore proscated

to the Fitgwillinm Musenm and to Pem-|

broke Colleze on the oslebration of his
jubiles as Lucasian professor in 1899, snd
» memorinl medallion bust by the same
gseulptor is in Westminster Abbey.

[Mrs. Humphry's memodr mentiooed above ;
notice by Lord Rayleigh o Proc, Royal See.
1003, and regrinted in Papers, vol. v. pp
fx-xxv; of slso Silvenus Thompeon's Life of
Lord Kelvin, 1910.] J

STOKES, Sig JOHN (1825-1802), Licu-
tenant-general, royal engineers, born 8t
Cobbam,~Kent, on 17 June 1825, was
wecond son\in a family of thres sons snd
three daughtyrs of Jobn Stokes (1772-1859),
viear of Cobliam, Kent, by his wife Eliza.
beth Arabella\ Franks (1792-1858), Edu-
cated first at a'private school at Ramspate,
then at the Rodhester Proprietary School,
Stokes pssaed mto the Royal Military
Academy as the \head of the liss in the
gummer of 1841\ On Jeaving he was
swarded the sword of honour and re-
ceived a oommiauion"\a.s second lieutenant
in the royal engincety on 20 Dee. 1843
After professional instruction 8% Chatham,
he was posted in Febuary 1545 to the
Oth company of royal sdppers and miners
at Woolwich, with which\he proceeded in

1851, Stokes became instractor in survey-
| ing at the Royal M.d-wry Auuicmy at
Woolwich. He was promoted csptain on
‘17 Feb. 1854, and in March 1855 was
appointed to the Turkish comtingens, a
foros of 20.000 men ruised for scrvice in
the war with Russia and commanded by
Sir Robert John Hussy Vivian [q. v.],
Stokes siled at the end of July after
ruiging snd ongaoiding o nuoleus for the
contingent's corps of engineers, to be supple-
mented by Turkaon the spot. He was given
the command of the corpa, and an-ivix'w n
the Crimea in advance, witnessed the final
sssanlt on Sevastopol on 8 Sept. 1855, The
Turkish contingent was sent to Kerteh,
where Stoked employed hizoorps in fortify-
ing the placé and in building huts for the
treope during winter.  When peace was
concluded in March 1856 Stokes was made
Britizh commissioner for arranging the
disbandment of| the contingent. For this
work he reccived the thaoks of the govern.
meat, and for ki services in the Crimes o
brevet-masjority on 6 Juno 1855, the fourth
class of the Mejidie, and the Turkish modal,

In July 1856 Stokes was mominated
British commissionesr on the European
commission of the, Danube, constituted
| under the treaty of \Para to improve the
| mouths and navigation of the Lower
Danube. The commission, at finst ap-
pointed for two years, became a perma-

| neat body, with headquartess at Galate

Stokes’s colleagues wede often changed,
| but be held office for fifteen yoars, and thues

June to Grahamstown, South Africa. Ho | came to exert a commanding influecce on

was promoted lieutenant on | April 1846.
In Cape Colony he spent five adventurous
years, taking t in the KAflir wars of
1846-7 and of 1850-1. In the 'Grst war he
was deputy amsistant quartenmaster-geaecal
on the stall of Colonel Somenset cymmand-
ing & column of the field foroe in Kafraria.
Ho was particularly thanked by the com-
mander-in-chief, General Sir Peragrine
Maitland [g. v.], for his conduct in the astion
of the Gwangs on 8 Juno 1846, and\oo

the commission's labours, By Stokes's
advice (Sir) Charles Hartley was appointed
| engincer and the Sulina mouth of the Danube
was soleoted for ﬂx[n\rimcntb] treatment.
| The waterway wos straightencd and
| narrowed so as to confine and accolerste
| the current snd thus concentrate ita force
| to soour away the bar. In 1881 it wss
| decided to replace the temporary’ constroe-
| tions by pormanent piers which should
| extend into the deeper water of the Black

25 July following, when be opened com- | Sea. In order to obtan the nectssary

munications through the heart of the
enemy's country. In the war of 1850-1 he'

was sgain on the =tafl sa & doputy assistant
quartermaster-genersl to the 2nd division
of the Geld force ; ho was in all the opera-

tions of the division from Febraary o July
1851, and belped to organise and frain some

funds small loans were raised oo the

l shipping dues, but these proved msulicient

‘for the larger “scheme. Stokes devoted
Bimself to the finances and at the sme
1 time suppressed disorders an the river, sod
‘ regilated the pavigation and plotage.
The fixing of 3 new scale of dues involved

3000 Hottentot Jevies. He was ropeatedly | o thoreugh inveatipation into the mode of

mentioned in general orders, aod was mweasuring ships, a8 W which _all nstivns
thanked by the commander-in-ohief, Sir| thea differed. In 1585 the ‘ Public Act

Harry Smith [g. v.).

| was promulgated, embodying tho decisico

. e A A0
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punkt des Ingenieurs (1931), which went through
several editions.

\
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STOKES, GEORGE GABRIEL (b. Skreen, County
Sligo, Ireland, 13 August 1819: 4. Cambridge,
England, 1 February 1903). physics, mathe-
malcs.

Stokes was born into an Anglo-Irish family that
had found its vocation for a number of generations
in the established Church of Ireland. His father,
Gabriel Stokes, was the rector of the parish of
Skreen in County Sligo. His mother. Flizabeth
Haughton, was the daughter of a rector. The
youngest of six children, Stokes had three
brothers, all of whom took holy orders, and two
sisters. He received his earliest education from his
father and the parish clerk in Skreen. Stokes then
attended school in Dublin before going to Bristol
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College in Bristol, England, to prepare to enter
university. Later in life Stokes recalled that one of
his teachers at Bristol, Francis William Newman, a
classicist and mathematician, had influenced him
profoundly. In 1837 Stokes entered Pembroke
College, Cambridge, where during his second year
he began 1o read mathematics with William Hop-
Kins, an outstanding private tutor whose influence
on Stokes probably far outweighed that of the offi-
cial college teaching. When he graduated as senior
wrangler and first Smith’s prizeman in 1841, Pem.-
broke College immediately elected him to a fellow-
ship.

Stokes became the Lucasian professor at Cam-
bridge in 1849, rescuing the chair from the dol-
drums into which it had fallen, and restoring it to
the eminence it had when held by Newton. Since
the Lucasian chair was poorly endowed. Stokes
taught at the Government School of Mines in Lon-
don in the 1850°s to augment his income. He held
the Lucasian chair until his dcath in 1903. In 1857
he married Mary Susanna, daughter of the Rever-
end Thomas Romney Robinson, the astronomer at
Armagh Observatory in Ireland. Stokes had 1o re-
linquish his fellowship to marry, but under new
regulations he held a fellowship again from 1869 to
1902, A very active member of the Cambridge
Philosophical Society, he was president from 1859
to 1861. Always willing to perform admmnistrative
lasks, Stokes became a secretary for the Royal
Society of London in 1854. conscientiously carry-
ing out his duties until 1885 when he becime presi-
dent of the society, a post he held until 1890. The
society awarded him the Copley Medal in 1893,
From 1887 to 1891 he represented the University
of Cambridge in Parliament at Westminster; and
from 1886 to 1903 he was president of the Victoria
Institute of London, a socicty founded in 1865 to
examine the relationship between Christianity and
contemporary thought, especially science. Stokes
was universally honored, particularly in later life,
with degrees, medals, and membership in foreign
societies. He was knighted in 1889, The University
of Cambridge lavishly celebrated his jubilee as
Lucasian professor in 1899, and three years later
Pembroke College bestowed on him its highest
honor by electing him master.

As William Thomson commented in his obituary
of Stokes, his theoretical and experimental investi-
gations covered the entire realm of natural philoso-
phy. Stokes systematically explored areas of hydro-
dynamics. the elasticity of solids, and the behavior
of waves m elastic solids including the diffraction of
light, always concentrating on physically important
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problems and making his mathematical analyscs
subservient to physical requirements. His few ex-
cursions into pure mathematics were prompted
either by a need 10 develop methods o solve spe-
cific physical problems or by a desire 1o establish
the validity of mathematics he was already employ-
ing. He also investigated problems in light. gravity,
sound. heat, meteorology. solar physics, and chem-
istry. The field of electricity and magnetism lay al-
most untouched by him, however: he always re-
garded that as the domain of his friend Thomson.

After graduating. Stokes followed Hopkins' ad-
vice to pursue hydrodynamics, a field in which
George Green and James Challis had recently
been working at Cambridge. Thus in 1842 Stokes
began his investigations by analyzing the stcady
motion of an incompressible fluid in two dimen-
sions. In one instance, for motion symmetrical
about an axis, he was able to solve the problem in
three dimensions. In the following year he contin-
ved this work. Some of the problems that Stokes
tackled had already been solved by Duhamel in his
work on the permanent distribution of temperature
in solids. Despite this duplication, which Stokes
mentioned, he deemed the application of the for-
mulas to fluid flow instead of heat flow sufficiently
different to warrant publication. Stokes had not yet
analyzed the motion of a flurd with internal fric-
tion, later known as viscosity, although references
to the effects of [riction continually appear in his
papers. The problem, however. of the motion of a
fluid in a closed box with an interior in the shape of
a rectangular parallelepiped, which Stokes solved
in 1843, was attacked partly with an eye 10 possi-
ble use in an experiment to test the effects of fric-
tion. By 1846 he had performed the experiment, but
1o Stokes’s disappointment the differences between
the experimental results and the theoretical calcu-
lations that excluded friction were too small to be
useful as a test of any theory of internal friction.

Stokes's analysis of the internal friction of fluids
appeared in 1845, Navier, Poisson, and Sainl-
Venant had already derived independently the
equations for fluid flow with friction, but in the ear-
ly 1840's Stokes was not thoroughly familiar with
the French literature of mathematical physics, a
common situation in Cambridge. Stokes sand that
he discovered Poisson’s paper only after he had
derived his own equations. He msisted, however.
that his assumptions differed sufficiently from Pois-
son's and Navier's to justify publishing his own
results. One novel feature of Stokes's derivation
was that instead of using the Frenchmen's ultimate
molecules he assumed that the fiud was infinitely
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divisible, for he was carcful not to commit himself
to the idea that ultimate molecules existed. Anoth-
er novel feature was his treatment of the relative
motion of the parts of the fluid. He was able also to
use these equations and the principles behind them
to deduce the equations of motion for clastic sol-
ids, although he introduced two independent con-
stants for what were later called the moduli of com-
pression and ngidity, instcad of one independent
constant to describe elasticity as Poisson had.
Stokes noted that the equations of motion he ob-
tained for an elastic solid were the same as those
that others had derived for the motion of the lumi-
niferous cther in a vacuum. He then justified the
applicability of these equations 10 the cther partly
on the basis of the law of continuity, which per-
mitted no sharp distinction between a viscous fluid
and a solid, and which he believed held throughout
nature.

Stokes became well known in England through a
report on recent developments in hydrodynamics,
which he presented in 1846 to the British Associa-
tion for the Advancement of Science, So percep-
tive and suggestive was his survey that it immedi-
ately drew attention to his abilitics and further
enhanced his reputation as a promising young man.
The report shows Stokes's increasing Familiarity
with the French literature on hydrodynamics and
reveals his admiration for the work of George
Green,

Stokes then pursued (1847) the topic of oscilla-
tory waves in water. which he had suggested in his
report merited further investigation. Poisson and
Cauchy had already analyzed the complicated situ-
ation in which waves were produced by arbitrary
disturbances in the fluid, but Stokes ignored the
disturbances to examine the propagation of oscilla-
tory waves the height of which is not negligible
compared with their wavelength. Much later, in
1880, Stokes examined the shape of the highest
oscillatory waves that could be propagated without
changing their form. He showed that the crest of
these waves enclosed an angle of 120°, and pro-
posed a method for calculating the shape of the
waves,

In one of his most important papers on hydro-
dynamics, presented in 1850, Stokes applied his
theory of the internal friction of fluids to the be-
havior of pendulums. Poisson, Challis. Green, and
Plana had analyzed in the 1830's the behavior of
spheres oscillating in fluids. but Stokes took into
account the effects of internal friction, including
both spherical bobs and cylindrical pendulums. He
then compared his theoretical calculations with
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the results of experiments conducted by others, in-
¢luding Coulomb. Bessel, and Baily. In the same pa-
per he showed that the behavior of water droplets
in the atmosphere depended almost completely on
the internal friction of air and so explamed how
clouds could form in the atmosphere of the earth.

On account of his theoretical analysis and exper-
imental observations of pendulums combined with
his study of gravity at the surface of the earth.
Stoles became the foremost British authority on the
principles of geodesy. In his study of 1849 he re-
lated the shape of the surface of the earth to the
strength of gravity on it without haviag to adopt any
assumptions whatsoever about the interior of the
carth, He obtained Clairaut's theorem as a particu-
lar result. Stokes assumed merely that the earth
has a surface of equilibrium. one perpendicular to
the gravity on it, whereas previously assumptions
about the distribution of matter in the earth were
always introduced to derive Clairaut’s theorem.
One result of his analysis was an explanation of
the well-known observation that gravity is less on
a continent than on an island. When the pendulum
observations for the Great Trigonometrical Survey
of India were conducted from 1865 to 1873, his
expertise, together with his position as secretary to
the Royal Society, made him an obvious person for
the surveyors to turn to for advice, even though
numerical calculations based on some of Stokes's
own formulas would have been 100 laborious to
Carry out.

Occasionally Stokes studied problems in sound,
which he considered a branch of hydrodynamics.
In 1848 and 1849 he replied to Challis’ claim of a
contradiction in the commoniy accepted theory,
and in doing so Stokes introduced surfaces of dis-
continuity in the veiocity and density of the me-
dium. But later, on the basis of the argument by
William Thomson and Lord Rayleigh that the pro-
posed motion violated the conservation of energy,
he retracted the idea that such motion. later called
shock waves, could take place. (Stokes frequently
crossed swords with Challis publicly in the Philo-
sophical Magazine, They disagreed over the basic
equations of fluid flow [1842, 1843, 1851]. the the-
ory of aberration [ 1845, 1846, 1848). and the the-
ory of colors [1856].) In 1857 Stokes explained
succinctly the effect of wind on the intensity of
sound. Also, using a sphere to represent a bell and
an infinite cylinder to represent a string or wire, he
analyzed mathematically the production of sound
by the transmission of motion from a vibrating
body 10 a surrounding gas (1868). Poisson had al-
ready solved the case of the sphere, but Stokes
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was quick 1o point out that Poisson had examined
a different problem. Stokes’s analysis explained
John Leslie’s observation that hydrogen or a mix-
ture of hydrogen and air transmitted the sound of a
bell feebly, and why sounding boards were neces-
sary for stringed instruments to be heard, the vi-
brations being communicated to the board and
then to the air. In a2 manner typical of Stokes, he
then procecded to explain how sound was pro-
duced by telegraph wires suspended tightly be-
tween poles.

The wave theory of light was well established at
Cambridge when Stokes entered the university,
and he seems to have embraced it right from the
beginning of his studies. His earliest investigations
in this ficld centered on the nature of the cther.
beginning in 1845 with a proof that the wave the-
‘ory was consistent with a theory of aberration in
which the earth dragged along the ether instead of
passing freely through it, as Fresnel had suggested.
In 1846 Stokes showed that when the motion of
the carth through the ether was not ignored, the
laws of reflection and refraction remained un-
changed in his own theory as well as in Fresnel's
theory, thus offering no way to decide between the
two theories of the interaction of the ether with the
carth, In 1848 Stokes examined mathematically
the properties of the cther, and by analogy with his
own theory of the motion of fluids with internal
friction he combined in his ether the scemingly
contradictory properties of fluidity and solidity. He
maintained that to examine the motion of the earth,
the ether must be viewed as a very rarefied fluid,
but to examine the propagation of light the same
ether must be regarded as an elastic solid. To illus-
trate his view Stokes suggested that the ether is
related to air in the same way as thin jelly is o
water. Also in 1848 Stokes employed the wave
theory of light to calculate the intensity of the cen-
tral spot in Newton's rings beyond the critical an-
gle of the incident light at which the rings vanish,
leaving only the central black spot. He also ex-
amined the perfectly black central spot that results
when the rings are formed between glasses of the
same materal. Fresnel had already analyzed this
phenomenon, but Stokes’s assumptions and deriva-
tion differed from his.

In 2 major paper on the dynamical theory of dif-
fraction (1849). Stokes treated the ether as a sensi-
bly incompressible clastic medium. Poisson had al-
ready calculated the disturbance at any point at
any time resulting from a given initial disturbance in
a finite portion of an elastic solid: but Stokes pre-
sented a different derivation, which he deemed
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simpler and more straightforward than Poisson's.
Stokes also determined the disturbance n any
direction in secondary waves, upon which the dy-
namical theory of diffraction depends, not limiting
himscHf. as others had, to secondary waves in the
vicinity of the normal to the primary wave. More-
over, by comparing his theory with the results of
diffraction experiments that he conducted with 2
glass grating, Stokes answered the vexing question
about the direction of vibrations of plane-polarized
light by concluding that they were perpendicular (o
the plane of polarization.

Al this time, both Stokes's theoretical analyses
and his experiments covered a broad area of op-
tics. In addition to his expeniments on diffraction,
he conducted experiments on Talbot’s bands
(1848), on the recently discovered Haidinger's
brushes (1850). on phase differences in streams of
plane-polarized light reflected from metallic sur-
faces (1850), and on the colors of thick plates
{1851). Occasionally he invented and constructed
his own instruments, as he did to facilitate mea-
surements of astigmatism in the human eye (1849).
In 1851 Stokes devised and largely constructed an
instrument for analyzing clliptically polarized light.
Here we see an cxcellent example of his theoreti-
cal studies complementing his experimental and
instrumental work. In 1852 he published a mathe-
matical analysis of the composition and resolution
of streams of polarized light onginating from differ-
ent sources: the four parameters by which he char-
acterized polarized light in this study became
known as the Stokes parameters.

Stokes's explanation of fluorescence, published
in 1852, for which the Royal Society awarded
him the Rumford Medal. arose from his investiga-
tions begun the previous year into the blue color
exhibited at the surface of an otherwise colorless
and transparent solution of sulfate of quinine when
viewed by transmitted light. Sir John Herschel had
described this phenomenon in 1845, and Sir David
Brewster had also cxamined it. Stokes, who had
started by repeating somec of Herschel's experi-
ments and then had devised his own, rapidly con-
cluded that light of a higher refrangibility, which
corresponded to light of a higher frequency, pro-
duced light of lower refrangibility in the solution.
Thus the invisible ultraviolet rays were absorbed
in the solution to produce blue light at the surface.
Stokes named this phenomenon fluorescence.
Always looking for applications of optics, he
quickly devised a method for exhibiting the phe-
nomenon that did not require direct sunlight and so
would render # chemist independent of the fickle

77

STOKES

Rritish weather in utilizing fluorescence 10 distin-
guish between various chemicals. In opening up
the entire field of fluorescence 1O investigation,
Stokes showed how it could be used to study the
ultraviolet segment of the spectrum. By 1862
Stokes was using the spark from an inducuon coil
to generate the spectra of various metals employed
as electrodes. The invisible rays of the spectra
were then examined and recorded systematically
by means of fluorescence, although Stokes knew
that photography was already beginning to replace
fluorescence as a tool for mapping out spectra.
Through his studies on fluorescence Stokes in
1862 began to collaborate with the Reverend W.
Vernon Harcourt, who was one of the few people
at that time attemptiing to vary the chemical com-
position of glass to producc new glasses with im-
proved optical properties. Hoping to make glasses
that would allow them to construct a perfectly ach-
romatic combination, they collaborated until Har-
court’s death in 1871.

While studying spectra by means of fluores-
cence, Stokes speculated on the physical principles
of spectra, a topic of growing interest in the
1850's. Although Stokes always disclaimed priori-
ty in developing the principles of spectrum analy-
sis. William Thomson insisted vigorously that
Stokes taught him the principles in their conversa-
tions no later than 1852, They were discussing the
topic in their correspondence in 1854 and speculat-
ing on the possibility of employing spectra 10 iden-
tify the chemical constituents of the sun. But Stokes
did not publish anything on these ideas at that ime,
so the credit for the development of the principles
of spectrum analysis went later to Kirchhoff and
Bunsen.

Stokes's use of fMuorescence in the 1850's as a
tool for investigation typified his increasing empha-
sis on the exploitation of light to study other as-
pects of nature than light itself. In the 1860's, for
instance, he drew the attention of chemists to the
value of optical properties such as absorption and
colored reflection as well as fluorescence in dis-
criminating between organic substances. He was
also a pioneer in combining spectrum analysis with
chemical reactions to study blood.

Stokes’s final major mathematical study on light
was his classic report of 1862 on the dynamical
theory ol double refraction, presented to the Brit-
ish Association. He reviewed the theories of Fres-
nel. Cauchy, Neumann, Green, and MacCullagh,
showing his preference for the ideas of Green and
pointing out that he thought the true dynamical
theory had not yet been discovered. Continuing his
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study of the dynamical theories, Stokes later Stokes was a very important formatjve influence
showed experimentally that double refraction on subsequent generations of Cambridge men, jn-

could not depend on differences of inertia in differ. ¢luding Maxwell. With Green, who in tumn had in-
ent directions, an idea W. J. M. Rankine, Lord fluenced him, Stokes followed the work of the
Rayleigh, and Stokes had all entertained, He con- French, especially Lagrange, Laplace, Fourier,
cluded that Huygens' construction for the wave Poisson, and Cauchy. This is seen most clearly
fronts should be followed. A very brief summary in his theoretical Studies in optics and hydro-
of his experiments and conclusion was published in dynamics: but it should also be noted tnat Stokes,
872, but a detailed account that he promised to €ven as an undergraduate, experimented incessant-
present to the Royal Society was never published, Iv. Yet his interests and investigations extended

Stokes’s papers on pure mathematics were taj- beyond physics, for his knowledge of chemistry

lored to his requirements for solving physical prob- and botany was extensive, and often his work in
lems. His paper on periodic series (1847) consisted optics drew him into those ficlds.

of an examination of various aspects of the validity Stokes’s output of papers dropped rapidly in the
of the expansion of an arbitrary function in terms 1850°s, while his theoretical studies gradually gave
of functions of known form. The expansions are Way to experimental investigations. This occurred
now called Fourier series. In the paper Stokes ap- partly when he became a secretary to the Royal
plied his findings to problems in heat, hydrodynam.- Society in 1854 and partly after he married in
ics, and clectricity. In 1850 he calculated the valne I857. He often took on heavy administrative dy-

ties, which prevented him from conducting any
research: and so from the 1860's many of his pub-
an integral that had arisen in the optical studies of ications mlath 10 points g from his official
G. B. Airy. The method employed by Stokes for duty of feadm'g papers submitted to the Royal
€xpanding the integral in the form of poOwer series Society. Stokes > papers eventually became a guide
that initially converge rapidly and ulumately di- ‘0 ather peo;?le S probiems and interests. This is
veree rapidly was the one he afterward used in 1850 also seen in his correspondence with Thomson, for
to determine the motion of a cylindrical pendulum whom Stokes ok lifelong soundmg board. :
in a Auid with internal friction. In 1857 he solved the Throughout his life Stokes invariably ftok. Eme
C dhw , to reply in detail 1o pnvate as well as official re-
cquation - = — 92w = 0 in the complex -plane, qQuests for aid in solving problems, a frequent oc-
2 currence. A good example is his paper (1849) on
the solution of a differential equation representing
the deflection of iron railroad bridges, which Rob-
ert Willis, who was on a royal commission looking
into the behavior of iron in various structures, had
asked him to examine.

Although Stokes never fulfilled the expectations
of his contemporaries by publishing a treatise on
optics, his Burnett lectures on light, delivered at the
University of Aberdeen from 1883 to 1885, were
published as a single volume, The Gifford lectures
on natural theology, which he delivered at Edin.
burgh in 1891 and 1893, were also published. A
devoutly religious man, Stokes was deeply inter-

of f " cos :(x’ = mx)d.t. when m is large and real.
o 2

which was equivalent to calculating the definite
integral above. He also showed that the arbitrary
constants forming the coeflicients of the linear
combination of the two independent asymptotic
solutions for large |z] were discontinuous, changing
abruptly when the amplitude of : passed through
certain values, The discontinuous behavior be-
came known as the Stokes phenomenon, and the
lines for which the amplitude of z has 3 constant
value at which the discontinuities occur became
known as the Stokes lines. He later examined
(1868) a method of determining the arbitrary cop-
stants for the asymptotic solutions of the Bessel

st T I e is areal  oSted in the relationship of science to religion. This
"D xdy @ was especially true toward the end of his life, al-

constant. These studies in mathematics, however, though he did not feel qualified to do Justice to his
formed only one small area of Stokes’s publications. Gifford lectureship.

In the early years of his Carcer, through the
Cambridge Philosophical Society. his teaching,
and the examinations he composed. Stokes was BIBLIOGRAPHY
a pivotal figure in furthering the dissemination of I. ORIGINAL. Womks. A comprehensive list of
French mathematical physics at Cambridge. Partly Stokes’s papers appears in the Royal Society Caralogue
because of this. and because of his own researches, of Scientific Papers. V, 8IR-R840; VINI, 1022-1023:
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XI, 505-506; XVIII, 977, Almost all of his published
papers are included in Mathematical and Physical Pa-
pers, 5 vols. (Cambridge. 1880-1905). vols. I-111 were
edited by Stokes, and vols. 1V -V posthumously by Sir
Joseph Larmor. Vol. V also contams a previously un-
published MS on waves in water, as well as Smith’s
Prize examination papers and mathematical tripos pa-
pers set by Stokes at Cambridge,

A list of lectures and addresses on scientfic topics,
which were not printed in Mathematical and Physical
FPapers, is included in Larmor's preface to vol. V. A
second ed. with 2 new preface by C. Truesdell appeared
as Marhematical and Physical Papers by the Late Sir
George Gabriel Stokes, Bart, . . . Second Edition, Re-
printing the Former of 1880~ 1905, Prepared by the
Author (Volumes 1 -3} and Sir J. Larmor (Volumes 4~
3). With Their Annotations and the Obituary Notices by
Lord Kelvin and Lord Ravleigh. and Also Including the
Paortions of the Original Papers Which Were Omirted
From the Former Edition . . . . 5 vols. (New York-
London, 1966). Memoirs and Scientific Correspondence
of the Late Sir George Gabriel Stokes . . . Selected and
Arranged by Joseph Larmor . . ., 2 vols. (Cambndge.
1907: repr., New York-London, 1971), contains select-
ed correspondence of Stokes, memaoirs by his daughter
Mrs. Laurence Humphrey and some of his colleagues,
and muscellaneous material about Stokes's life and work,

Cambridge University Library, England, holds an ex-
tensive collection of Stokes's MSS. especially the
Stokes Papers, which include his scientific, miscella-
neous, family, Royal Society, and relicious comrespon-
dence; notes for lectures: notes taken in lectures; and
material concernmg university administration. Add. MS
7618 a1 Cambrige contains the Stokes-Kelvin corre-
spondence. The Scientific Periodicals Library, Cam-
briige, holds a number of Stokes’s notebooks, some
contaiming records of his experiments,

From the journal's inception in 1857 10 1878, Stokes,
with A. Cayley and M. Hermite, assisted editors J. J.
Sylvester and N. M. Ferrers of the Quarterly Journal af
Pure and Applied Mathematics (London). He contribut-
ed articles. mostly on physacal optics, and revised others
on physical topes taken from the Penny Cyclopaedia.
for The English Cyclopacdia. A New Dictionary of Uni-
versal Knowledge. Conducted by Charles Knighr. Arts
and Sciences, 8 vols. (London, 1859-1861). The three
serics of Burrent lectures were issued separately, and
then published together as Burnetr Lectures. On Lighr.
In Three Courses Delivered at Aberdeen in Navem-
ber, 1883, December. 1884. and November. 1885
(London—-New York, 1887; 2nd ed.. 1892), with 2
German trans. by Q. Dziobek appearing as Das Lichr
(Leipzig, 1888),

Apart from his contributions to the Jowrnal of the
Transactions of the Victoria Institwte  (London),
Stokes’s principal writings on religion and on aspects of
its relationship to science are Narural Theology. The
Gifford Lectures Delivered Before the University of
Edinburgh in 1897 (London, 1891), Natural Theology.
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The Gifford Lecrures . ., 1893 (London, 1893), and
Conditional Immoriality. A Help 1o Scepiics. A Series of
Letters Addressed . . . 10 James Marchant (With a Pre-
fatory Note by the Later) (London. 1897),

The Transactions of the Cambridge Phidosophical
Society, 18 (1900), consists of memoirs presented to the
society 1o celebrate Stokes’s jubilee as Lucasian profes-
SOT.

II. SECONDARY [ITERATURE, The two most impor-
tant obituaries assessing Stokes’s scientific work are
Lord Kelvin, in Nawure, 67 (1903), 337-338, also in
Mathematical and Scientific Papers, 2od ed., V, xxvii-
xxxii, and Lord Rayleigh, Proceedings of the Royal So- /
ciery, 75 (1905), 199-216, repr. in both cds. of Mathe-
matical and Physical Papers, V, ix=xxv.

Since these obituaries and Larmor's Menmoir and Sci-
entific Correspondence . . ., hittle has been published on
Stokes’s scientific work., A few recent accounts are
Truesdell's preface to the Mathematical and Physical
Papers, 2nd ed., 1. IVA-IVL; 1. Graman.Guinness,
The Development of the Foundations of Mathematical
Analysis From Euwler to Riemann (Cambridge, Mass, -
London. 1970), 113-120: and David B, Wilson,
“George Gabnel Stokes on Stellar Abermation and the
Luminiferous Ether,” in Brirish Journal for the History
of Science, 6 (1972-1973), §7-72.
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STOLETOV, ALEKSANDR GRIGORIBV]CI'! (h.
ir, Russia, 10 August 1839; d. Moscow,

to Viadimir for sedition By Ivan the
Terrible. His father. Grigory Mikhai

and Mathematics 3t Moscow University as one of
the first students merchant class to re-
celve a government olarship. His instructors in
physics were M, F, ssky and N. A. Lyubimov:
and he received mathematical preparation
under N. E. 7 v N. D. Brashman. After
graduating in 18§60, he'\remained in the physics
department to pfepare for'an academic career.

tov traveled abroad on a fellow-
three and a half years in Germany,

boratory. At the end of 1865 he became
teacher at Moscow University. Four
years later he defended his master’s thesis, “Ob-
shchaya zadacha clektrostatiki 1 privedenic cc k



