George Gabrid Stokes

Born: 13 Aug 1819 in Skreen, County Sligo, Ireland
Died: 1 Feb 1903 in Cambridge, Cambridgeshire, England

George Stokes' father, Gabriel Stokes, was the Protestant minister of the parish of Skreen in County Sligo. His
mother, Elizabeth Haughton, was the daughter of a minister of the church, so George Stokes' upbringing was a
very religious one. He was the youngest of six children and every one of histhree older brothers went on to
become a priest. Asthe priest of the church in Cambridge which Stokes later attended wrote (see [15]):-

Though he was never narrow in hisfaith and religious sympathies, he always held fast by the simple
evangelical truths he learnt from his father...

In [4] the atmosphere in which George grew up is described in words which are more colourful than those
which might be used today:-

The home-lifein the Rectory at Skreen was very happy, and the children grew up in the fresh sea-air with well-
knit frames and active minds. Great economy was required to meet the educational needs of the large family...

It was not only religious teaching, but awider introduction to education, which Gabriel Stokeswas ableto give
his children. In particular, having studied at Trinity College Dublin, he was able to teach George Latin
grammar. Before going to school George was aso taught by the clerk in hisfather's parish in Skreen. Leaving
Skreen in 1832, George attended school in Dublin. He spent three years at the Rev R H Wall's school in Hume
Street, Dublin, but he was not a boarder at the school, living for these three years with his uncle John Stokes. In
fact the family finances would not have alowed him a more expensive education, but at this school [4]:-

He pursued the usual school studies, and attracted the attenti on of the mathematical master by his solution of
geometrical problems.

It was during George's three years in Dublin that his father died and this event had, as one would expect, a
magjor effect on the young man.

In 1835, at the age of 16, George Stokes moved to England and entered Bristol College in Bristol. The two
years which Stokes spent in Bristol at this College were important ones in preparing him for his studies at
Cambridge. The Principal of the College, Dr Jerrard, was an Irishman who had attended Cambridge University
with William Stokes, one of George's elder brothers. Dr Jerrard was himself a mathematician but Stokes was
taught mathematics at Bristol College by Francis Newman (who was the brother of John Henry Newman, later
Cardinal Newman, who became the leader of the Oxford Movement in the Church of England which was
founded in 1833). Clearly Stokes talent for mathematics was shown during his studies at Bristol College, for he
won mathematics prizes and Dr Jerrard wrote to him (see [4]):-

| have strongly advised your brother to enter you at Trinity, as| feel convinced that you will in all human
probability succeed in obtaining a Fellowship at that College.

It was not Trinity, rather Pembroke College, Cambridge, which Stokes entered in 1837. There are slight
inconsistencies in what his mathematical background was on entering Cambridge. In the course at Bristol
College (according to the College literature) (see [5]):-



... a student was to become acquainted with the differential and integral calculusand to go on to statics,
dynamics, conic sections and the fir st three sections of Newton's"Principia”...

However, Stokes himself wrote in 1901 (see for example [4]):-

| entered Pembroke College, Cambridge in 1837. In those days boys coming to the University had not in
general read so far in mathematics asisthe customat present; and | had not begun the differential calculus
when | entered the College, and had only recently read analytical sections.

In Stokes' second year at Cambridge he began to be coached by William Hopkins, a famous Cambridge coach
who played a more important role than the lecturers. Stokes wrote [4]:-

In my second year | began to read with a private tutor, Mr Hopkins, who was celebrated for the very large
number of his pupils gaining high placesin the University examinations for mathematical honours...

Hopkins was to exert a strong influence on the direction of Stokes mathematical interests. Hopkins[5]:-

... praised the study of physical astronomy and physical optics, for example, because they revealed mathematics
to be 'the only instrument of investigation by which man could possibly have attained to a knowledge of so much
of what is perfect and beautiful in the structure of the material universe, and the laws that governit'.

In 1841 Stokes graduated as Senior Wrangler (the top First Class degree) in the Mathematical Tripos and he
was the first Smith's prizeman. Pembroke College immediately gave him a Fellowship. He wrote [4] -

After taking my degree | continued to residein College and took private pupils. | thought | would try my hand at
original research....

It was William Hopkins who advised Stokes to undertake research into hydrodynamics and indeed this was the
areain which Stokes began to work. In addition to Hopkins' advice, Stokes was aso inspired to enter thisfield
by the recent work of George Green. Stokes published papers on the motion of incompressible fluidsin 1842
and 1843, in particular On the steady motion of incompressible fluidsin 1842. After completing this research
Stokes discovered that Duhamel had already obtained similar results but, since Duhamel had been working on
the distribution of heat in solids, Stokes decided that his results were obtained in a sufficiently different
situation to justify him publishing.

Stokes then continued his investigations, looking at the situation where he took into account internal friction in
fluidsin motion. After he had deduced the correct equations of motion Stokes discovered that again he was not
thefirst to obtain the equations since Navier, Poisson and Saint-Venant had already considered the problem. In
fact this duplication of results was not entirely an accident, but was rather brought about by the lack of
knowledge of the work of continental mathematicians at Cambridge at that time. Again Stokes decided that his
results were obtained with sufficiently different assumptionsto justify publication and he published On the
theories of theinternal friction of fluidsin motion in 1845. The work also discussed the equilibrium and motion
of elastic solids and Stokes used a continuity argument to justify the same equation of motion for elastic solids
asfor viscousfluids.

Perhaps the most important event in the recognition of Stokes as aleading mathematician was his Report on
recent researches in hydrodynamics presented to the British Association for the Advancement of Sciencein
1846. But a study of fluids was certainly not the only areain which he was making major contributions at this
time. In 1845 Stokes had published an important work on the aberration of light, the first of a number of
important works on this topic. He also used his work on the motion of pendulumsin fluidsto consider the
variation of gravity at different points on the earth, publishing awork on geodesy of major importance On the
variation of gravity at the surface of the earth in 1849.



In 1849 Stokes was appointed L ucasian Professor of Mathematics at Cambridge. In 1851 he was elected to the
Royal Society, awarded the Rumford medal of that Society in 1852, and he was appointed secretary of the
Society in 1854. The Lucasian chair paid very poorly so Stokes needed to earn additional money and he did this
by accepting an additional position to the Lucasian chair, namely that of Professor of Physics at the Government
School of Minesin London.

Stokes work on the motion of pendulumsin fluids led to afundamental paper on hydrodynamicsin 1851 when
he published hislaw of viscosity, describing the velocity of asmall sphere through aviscous fluid. He published
several important investigations concerning the wave theory of light, such as a paper on diffraction in 1849.
This paper is discussed in detail in[11] in which the authors write:-

...the results of Sokes are related to the elastic theory of light, and supplement and expand a number of
guestions, previously studied for the most part in the works of A Cauchy. Stokes's methods for solving
diffraction problems, differing considerably from the methods employed by Cauchy, formthe basis of the
further studies of the mathematical theory of the phenomenon of diffraction.

Stokes named and explained the phenomenon of fluorescence in 1852. His interpretation of this phenomenon,
which results from absorption of ultraviolet light and emission of blue light, is based on an elastic aether which
vibrates as a consequence of the illuminated molecules. The paper [9] discusses thisin detail and is particularly
interesting since the author makes full use of Stokes' unpublished notebooks.

In 1854 Stokes theorised an explanation of the Fraunhofer lines in the solar spectrum. He suggested these were
caused by atomsin the outer layers of the Sun absorbing certain wavelengths. However when Kirchhoff |ater
published this explanation, Stokes disclaimed any prior discovery.

Stokes' career certainly took arather different tack in 1857 when he moved from his highly active theoretical
research period into one where he became more involved with administration and experimental work. Certainly
his marriage in 1857 was not unconnected with the change in tack and, particularly since it gives us an insight
into Stokes' personality, we shall look at the events. Stokes became engaged to marry Mary Susanna Robinson,
the daughter of the astronomer at Armagh Observatory in Ireland. In [4] anumber of |etters from Stokesto
Mary Susanna Robinson are given. On 21 January 1857 he wrote of hisfeelings for her:-

| was capable of being moved, mathematically, asit were, by the belief that a particular course wasright; and |
do believe that God put these views in my mind, working by means of that which was in me to supply that which
was wanting.

Three days later he wrote that she had stopped him becoming an old bachelor:-

| feel that perhaps my marriage with you would be even the turning-point of my salvation.

A further three days later he wrote:-

You are quiteright in saying that it iswell not to go brooding over one's own thoughts and feelings, andin a
family that is easy, but you don't know what it isto live utterly alone.

On the 31 March 1857 he wrote again expressing his feelingsin rather mathematical terms:-
| too feel that | have been thinking too much of late, but in a different way, my head running on divergent series,
the discontinuity of arbitrary constants, ... | often thought that you would do me good by keeping me from being

too engrossed by those things.

These |etters clearly did not express the love that Mary hoped to find in them and when Stokes wrote her a 55
page letter (which was possibly deliberately destroyed) about the duty he felt towards her, she came close to



calling off the wedding at the last moment. On receiving her letter showing that she was unhappy to go ahead
with the marriage Stokes replied:-

Then it isright that you should even now draw back, nor heed though I should go to the grave a thinking
machine unenlivened and uncheered and unwarmed by the happiness of domestic affection.

The marriage did go ahead and Stokes certainly turned away from hislife of intense mathematical research. It
may appear from the above quotations that in fact Stokes was really looking for this changein hislife and
perhaps he sought marriage partly so that this change in hislife-style could come about.

At that time Fellows at Cambridge had to be unmarried, and so on his marriage in 1857 Stokes had to give up
his fellowship at Pembroke College. However, achange in the rules in 1862 allowed married men to hold
fellowships and he was able to take up the fellowship at Pembroke again. Stokes continued as secretary of the
Royal Society from his appointment in 1854 until 1885 when he was elected President of the Society. He held
the position of President until 1890. He was also president of the Victoria Institute from 1886 until his death in
1903. There were other administrative tasks which he undertook. In 1859 he had written to Thomson saying:-

| have another iron inthefire now: | have just been appointed an additional secretary of the Cambridge
University Commission.

P G Tait mentioned thisin his criticism of the way that science was organised in Britain [16]:-

What a comment on things asthey are is furnished by the spectacle of genius like that of Stokes wasted on the
drudgery of Secretary to the Commissioners for the University of Cambridge; or of a Lecturer inthe School of
Mines; or the exhausting labour and totally inadequate remuneration of a Secretary to the Royal Society.

Stokes received the Copley medal from the Royal Society in 1893 and he was given the highest possible honour
by his College when he served as Master of Pembroke College in 1902-3.

Stokes' influence is summed up well by Parkinson in [1]:-

... tokes was a very important for mative influence on subsequent generations of Cambridge men, including
Maxwell. With Green, who in turn had influenced him, Stokes followed the work of the French, especially
Lagrange, Laplace, Fourier, Poisson, and Cauchy. Thisis seen most clearly in histheoretical studiesin optics
and hydrodynamics; but it should also be noted that Stokes, even as an undergraduate, experimented
incessantly. Yet hisinterests and investigations extended beyond physics, for his knowledge of chemistry and
botany was extensive, and often hiswork in optics drew himinto those fields.

One notable omission from his publication list was atreatise on light. This omission wasin part due to the
change in his research output after 1857 but it was also partly due to not wishing to report upon speculative
ideasin afield which was in arapid state of progress. Stokes failure to publish atreatise on opticsis discussed
in detail in [7]. However, he did lecture on optics in his Burnett lectures at the University of Aberdeen in 1891-
93 and these lectures were published.

Stokes mathematical and physical papers were published in five volumes, the first three of which Stokes edited
himself in 1880, 1883 and 1891. The last two were edited by Sir Joseph Larmor with the work being completed
in 1905.

These comments about Stokes' character in [3] are interesting:-

From 1887 to 1892 he was one of the members of Parliament for Cambridge University. In spite, or perhaps
because of, his great and profound knowledge and remarkable ability, he rarely spoke in the House of



Commons, but was always listened to with attention. In private life his simplicity and modesty were as
conspicuous as his great attainments.
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