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PREFACE

Tuis Biography was begun in June 1906 with the
kind co-operation of Lord Kelvin, who himself
furnished a number of personal recollections and
data. His death in December 1907 affected the
project of the work by necessarily extending its
scope to present a much more comprehensive
account of his career than the sketch originally
planned. The mass of letters, diaries, and other
documents which he left became available for filling
in the outlines, and the task of arrangement and
selection from these greatly extended the period of
preparation.

The sympathy which has been so universally
felt for Lady Kelvin in her prolonged illness and
gradual recovery has manifested itself in many
ways; and various friends have lightened for
the author the responsibility of dealing with
the available materials out of which to frame an
authentic record of Lord Kelvin’s long and strenuous
career.

Thanks are due to many relations and scientific
friends of Lord Kelvin, who have generously placed

vil
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at the author’s disposal letters covering every period
of Lord Kelvin’s life. Amongst the many who have
thus aided him, the author ventures to mention in par-
ticular Dr. and Mrs. James T. Bottomley, Mr. James
Thomson, and Miss Mary Hancock Thomson, the
Misses King, Mrs. Ramsay MacDonald, Miss Jessie
Crum, Miss May Crum, Mrs. Tait, Miss Andrews,
Mrs. FitzGerald, Mrs. Hopkinson, Sir Edward Fry,
Sir James Pender, Prof. G. F. Barker, and Miss
Jane Barnard. Frau Ellen von Siemens has with
great generosity furnished a long series of letters
written to her lamented father Excellenz H. von
Helmholtz. Madame Mascart has similarly sup-
plied others written to the late M. Mascart. Lord
Rayleigh and Sir George Darwin each placed at
the author’s disposal a very large number of letters,
many of them of great scientific interest, and of
which a selection only is printed here. Of the long
series of letters which passed from 1846 to 1903
between Lord Kelvin and Sir George Stokes, none
have been inserted in the present work, save isolated
extracts of the year 1896. Sir Joseph Larmor,
who edited for publication the two volumes of
Stokes’s Menzoirs and Scientific Correspondence, has
prepared these letters for publication in a separate
volume which it is now proposed to amplify by
including selections from Lord Kelvin’s other
scientific correspondence, along with excerpts from
his diaries and unpublished manuscripts. Hence
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the author has deliberately omitted many letters of
great scientific value, giving rather such as seemed
to possess a more general interest.

With grateful thanks the author acknowledges
his indebtedness for advice and help during the
writing and printing of the book to Mr. James
Thomson, Miss Mary Hancock Thomson, Dr. and
Mrs. Bottomley, the Misses King, and Mr. J. D.
Hamilton Dickson, all of whom have assisted either
in criticism or in proof-reading. The last-named
in particular, as an old pupil of Lord Kelvin and a
Fellow of Peterhouse, possesses a unique fund of
knowledge, which he has unstintingly placed at the
author’s disposal, correcting innumerable points of
detail.

Four veteran contemporaries of Lord Kelvin in
his Cambridge days— Professor Frederick Fuller,
Professor Hugh Blackburn, the Rev. Canon Gren-
side, and the Rev. J. A. L. Airey—were so good as
to furnish reminiscences of that time. Alas! while
these sheets have been passing through the press
the Rev. J. A. L. Airey, Professor Blackburn, and
Professor Fuller have all passed away.

An intimate family narrative written by Lord
Kelvin's eldest sister, Mrs. David King, who died
in 1896, now edited by her daughters, has just
been published. It gives a picture of the life,
from childhood to adolescence, of Lord Kelvin as
a member of a singularly gifted and harmonious
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family. The author of the present work has
purposely abstained from trenching on that narrative,
possessing, as it does, an intrinsic value of its own,
quite apart from the information it affords of Lord
Kelvin’s early years.

It has been the author’s desire to let documents
and letters speak as far as possible for themselves ;
and if he has not always been able to avoid letting
his own views tinge these pages, he has at least
endeavoured to avoid attributing to others that
which is only his own. Doubtless there are many
of Lord Kelvin’s former pupils who will find gaps
in the presentation of his life and character, as
must needs be when the author can himself claim
no nearer association than that of disciple. But the
disciple of one who was himself conspicuously faith-
ful in little things, must at least try to be faithful.
The peculiar and affectionate admiration, amount-
ing in some almost to worship, which characterizes
those who had the high privilege of that more
intimate association, spreads far beyond their circle
to the disciple. Let it be hoped that the affectionate
admiration which he too shares may not have warped
his judgment.

The late Professor Ayrton kindly gave the author
permission to appropriate extracts from his article
on “Kelvin in the ’Sixties,” in which he narrated
his own experiences when a member of Lord
Kelvin’s enthusiastic volunteer laboratory corps.
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In dealing with Lord Kelvin’s contributions to
Geology, to Mathematics, and some other depart-
ments of knowledge, the author has had to rely
greatly upon the judgment of others. In this par-
ticular connexion he gratefully acknowledges help
given by Professor ]J. W. Gregory, Professor A. E.
H. Love, Professor George Forbes, and Professor
J. A. Ewing. Professor Andrew Gray, formerly
pupil, then assistant, lastly successor of Lord Kelvin
in the Chair of Natural Philosophy at Glasgow,
has very kindly permitted the author to appropriate
the extracts on pp. 651-653 which relate to Lord
Kelvin’s lectures to his students; and he has helped
the author in various other ways in relation to Lord
Kelvin’s work in the University.

Miss Agnes G. King has kindly furnished the
portrait - photograph reproduced in Plate XIII;
Professor J. D. Cormack the original photographs
for Plates VIII, X, and XV ; and Professor Edgar
Crookshank that for Plate XIV.

To the proprietors of Punc/ the author acknow-
ledges the special permission given to reprint the
extracts from poems given on pp. 576 and 610.
To the proprietors of the Daily Graphic similar
thanks are due for the sketch-portrait of p. 899.
The author gladly acknowledges the services of
his assistant Mr. Ernest W. Moss in the pre-
paration of the Bibliography and the verification
of references.
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CHAPTER I
CHILDHOOD, AND UPBRINGING AT GLASGOW

WiLLiam TuomsoN, Baron Kelvin of Largs, was
born in Belfast on the 26th of June 1824. The
family was of Scottish origin. Three brothers,
named respectively James, John, and Robert
Thomson, migrated from the Lowlands of Scot-
land about the year 1641 in the troublous times of
the civil wars. From papers in the possession of
the family it appears that John Thomson settled in
County Down at Ballymaglave (or Ballymaglymph),
and for nearly two hundred years his descendants
continued to occupy a farm called Annaghmore, near
Spa Well, Ballynahinch. On his house, on a quoin
of a building now used as a barn, James Thomson,
grandson of ]ohn Thomson, cut his name, with the
date 1707. This James Thomson had three sons,
two of whom (John and Robin) emigrated about
1755 to Buffalo Valley, New York State, and set
up as millers. The second son, James, the grand-
father of Lord Kelvin, born about 1738, remained
at Ballynahinch. On 29th September 1768 he

married Agnes Nesbitt, who bore him three sons,
VOL. I B
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also named Robert, John, and James, and three
daughters. At this date the Thomsons owned
about one-quarter of the township of Ballymaglave.
According to tradition they nearly all bore the
character of being “religious, moral, patriotic,
honest, large, athletic, handsome men.”

James Thomson, the father of Lord Kelvin, was
born at Annaghmore on the 13th of November
1786. He was a man of remarkable abilities and
strong character. Brought up on the land as a farm
labourer, and receiving from his father the rudi-
ments of education, he studied for himself, without
either skilled teachers or good text-books, the art
of dialling, making for himself a sun-dial, and also a
night-dial to tell the time by the position of one
of the stars of Ursa Major. The following story
is told of him :—

It was when he was about eleven or twelve years old,
that one day the boy was observed to be working with a
slate and a bit of stone for a pencil. In the evening he
was again working by the light of a handful of shavings
he had brought in to make a blaze until the candle should
be lighted. After a little he exclaimed to his eldest
brother Robert, who was thirteen years his senior, “ Robert,
I have made a discovery. I have found out how to make
dials for any latitude.” “Can you show me?” said the
brother. “Yes,” said he; and he showed him so clearly
that his brother quite understood the method.

Three of James Thomson’s dials are now in the
possession of his grandson, James Thomson, of
Newcastle-on-Tyne. On them his name is spelt
Thompson, in the fashion more common in England.
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Indeed the name is thus spelt throughout in the
old family Bible belonging to his father, and in other
documents. It is believed that James Thomson
changed the spelling when he found that in Scotland
the name was usually written without the letter p.

In view of the intellectual abilities displayed by
James Thomson, his father allowed him to go asa
pupil to a small school* kept by Dr. Samuel Edgar
(minister of the ‘“Secession” Presbyterian Church
at Ballynahinch) at Ballykine, near his native place,
to learn classics and mathematics; and his abilities
were such that he was soon promoted to be assistant
teacher. It was his intention to become a Presby-
terian minister. Nothing shows more clearly the
force of character of the youth than the determined
way in which he strove for self-improvement.
While still teaching at Ballynahinch during the
summers to gain his livelihood, he for four con-
secutive years, from 1810 to 1814, spent the six
winter months studying at the University of
Glasgow, the session of which lasted from November
to May. He graduated M.A. in 1812. Nearly
eighty years afterwards, Lord Kelvin, on the
occasion of his installation as Chancellor of the
University, related the story of his father’s ex-
perience as follows :—

“There were no steamers, nor railways, nor
motor cars in those days. Can the young persons
of the present time imagine life to be possible

! See a small book, Zkrec Ballynakinck Boys, by Rev, Wm. J. Patton,
Belfast, 1880.
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under such conditions? My father and his comrade
students, chiefly aspirants for the ministry of the
Presbyterian Synod of Ulster, and for the medical
profession in the north of Ireland, had to cross the
Channel twice a year in whatever sailing craft they
could find to take them. Once my father was
fortunate enough to get a passage in a revenue
cutter, which took him from Belfast to Greenock
in ten hours. Another of his crossings was in an
old smack whose regular duty was to carry lime,
not students, from Ireland to Scotland. The
passage took three or four days, in the course of
which the little vessel, becalmed, was carried three
times round Ailsa Craig by flow and ebb of the tide.

‘At the beginning of his fourth and last Uni-
versity session, 1813-1814, my father and a party
of fellow-students, after landing at Greenock, walked
thence to Glasgow. On their way they saw a
prodigy—a black chimney moving rapidly beyond
a field on the left side of the road. They jumped
the fence, ran across the field, and saw to their
astonishment Henry Bell's Comet—then not a year
old—travelling on the river Clyde between Glasgow
and Greenock. Their successors, five years later,
found in David Nepier's steamer Rob Roy (which
in 1818 commenced plying regularly between Belfast
and Glasgow) an easier, if a less picturesque and
adventurous, way between the College of Glasgow
and their homes in Ireland.”

James Thomson’s persistency in his studies met
with reward: on the completion of his course in
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Glasgow in 1814 he received the appointment of
teacher of Mathematics at the Royal Belfast Aca-
demical Institution, at first in the school depart-
ment, being the first person to hold that post. His
duties comprised the teaching of geography as well as
arithmetic and book-keeping. In 1815 he was made
Professor of Mathematics in the College depart-
ment. Inthe summer of 1817 he was married to Miss
Margaret Gardner, daughter of a Glasgow merchant,
who at the time of the war of American Independence
had gone as a volunteer to fight on the British side.

James and Margaret Thomson had seven children:
Elizabeth, born in 1819, married the Rev. David
King, LL.D., and died in 1896; Anna, born in
1820, married William Bottomley, and died in 1857 ;
James (LL.D., F.R.S. and Professor of Engineering,
first in Belfast, afterwards in Glasgow), born in 1822
and died in 1892; William (Lord Kelvin), born in
1824 ; John, born in 1826 and died in 1847 ; Mar-
garet, born in 1827 and died in 1831; and Robert,
born in 1829 and died in Australia in 1905.

The Thomsons lived in College Square East,
Belfast, in a house still standing, which was built
by Professor Thomson. Here all his children,
except the eldest daughter, were born. On the
flags in front of the house the future Lord Kelvin
and his brother James used to whip their tops, and
doubtless became familiar with the phenomenon of
the precession of a spinning body.

“One of my earliest memories,” said Lord
Kelvin, “of those old Belfast days, is of 1829, when
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the joyful intelligence came that the Senate of the
University of Glasgow had conferred on my father
the honorary degree of Doctor of Laws.” But the
joy of the family was overshadowed by a sad event.
Margaret Thomson died in 1830, when her eldest
daughter was but twelve years old, and her youngest
boy only twelve months. The future Lord Kelvin
was but six, and his brother James eight. Their
father devoted himself to his children, taking the
two boys to sleep in his bedroom, and teaching them
himself, save that James and William both went for
a few months to the writing-school in Belfast. He
taught them in particular the use of the globes, and
began Latin with them on the Hamiltonian system
of teaching. The elder daughter Elizabeth com-
piled in later years a deeply interesting narrative of
the family life, giving many details.

In 1832 the chair of Mathematics at Glasgow
became vacant by the retirement of Professor
James Millar, who had held it for thirty-six years;
and it was offered to James Thomson, who migrated
with his young family to Glasgow in that year.
He still kept the education of his sons in his hands.
He was indeed a gifted person—a good scholar,
capable on emergency of teaching the University
classes in classics ; and that his mathematical know-
ledge was sound is attested by the text-books he
produced—including one on Differential and Integral
Calculus—books® which, though now superseded,

1 James Thomson’s books cover a considerable range. In 1819 he pub-
lished in Belfast 4 Treatise on Arithmetic in Theory and Practice, a small



1 CHILDHOOD AND UPBRINGING 7

long held their own for clear exposition. He also
made several original contributions to mathematics.
James Thomson was known as a successful teacher.
It was his practice to catechise his class at the
beginning of each lecture on the work of the
preceding day, vzwa woce questions being passed
with energy and enthusiasm from bench to bench,
a practice which his distinguished son was wont at
times to pursue. The following anecdote is narrated
by Sir William Ramsay, whose father was at one
time a member of Thomson’s class.

One day Professor Thomson asked a certain
Highland student, ‘“Mr. M‘Tavish, what do you
understand by a point?” The answer was,
“It's just a dab!” Again, in the course of con-
struction of a diagram, the question came, “ What
should I do, Mr. M‘Tavish?” “Tak’ a chalk in
your hand.” “And what next?” “Draw a line.”
Professor Thomson complied, and, pausing, said,
“How far shall I produce the line?” “Ad
enfinitum,” was the astonishing reply.

The boys James and William were allowed to
attend informally their father's lectures at the
University, and also those of some of the other

duodecimo volume, which had a very large sale. The seventy-second edition
of this work, revised by his two sons and edited by Sir William Thomson, was
published by Messrs. Longmans in 1880. In 1827 he produced two books,
an /ntroduction to Modern Geography and The Romance of the Heavens. In
1830, while still in Belfast, he issued the Elements of Plane and Spherical
Trigonometry, with a chapter on the ¢ First Principles of Analytical
Geometry,” of which a fourth edition was published in London in 1844.
In 1834 he edited an edition of Ewuclid’s Elements of Geometry, and wrote an
excellent Algebra. He was the first systematically to apply Horner’s method
of solving algebraic equations to the arithmetical extraction of cube roots and
roots of higher powers. In 1831 appeared his /ntroduction to the Differential
and Integral Caleulus, of which a second edition was printed in 1848.
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professors.  They often repeated at home in a
juvenile way the demonstrations they attended.
In the year 1834 or 1835 they made themselves
electrical machines and Leyden jars, and administered
electric shocks to their friends, and later they con-
structed voltaic batteries.

In October 1834 both James and William
v Thomson matriculated in the University of Glas-
gow, James being then twelve years of age, and
William ten years and three months. The Matricu-
lation Album for the session 1834-35 bears the
entry :—

Gulielmus Thomson, filtus natus secundus Jacobi,
Math. Prof. in Academia Glasguenst.

The signature is in William Thomson’s own
handwriting; the remaining words in that of
William Ramsay, Professor of Humanity, in whose
Class he and his elder brother were duly enrolled.
The University classes in those days consisted
largely of raw Highland lads, sent from the farm
to train as theological students, of all ages from
fourteen to twenty-four, with others intending to
follow law or medicine. The following excerpt by
Dr. H. S. Carslaw from Z7%e Book of the [ubilee,
1901, gives a picture of interest respecting young
William Thomson :—

“It is somewhat difficult to picture the classes of
the time. It is equally surprising to find that at
the end of his first winter's work he carried off two
prizes in the Humanity Class; this before he was
eleven. In the next session we follow him to the
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classes of Natural History and Greek—we wonder
what the present occupants of these chairs would
say to a stripling under twelve who presented him-
self at their lectures—and his name figures in both
prize-lists. Sympathy is not lacking for the hard-
worked schoolboy of to-day; but what would the
child of twelve think of the holiday task of trans-
lating Lucian’s Dialogues of the Gods, with full
parsing of the first three dialogues! This is the
piece of work for which William Thomson, Glasgow
College, receives a prize in May 1836. Next
session we find the two brothers together in the
Junior Mathematical Class, of the Junior Division
of which they are first and second prizemen. They
appear again at the head of the list for the Monthly
Voluntary Examinations on the work of the class
and its applications. Proceeding to the Senior
Mathematical Class in 1837-38, they again stand
at the top, nor have they failed to present them-
selves for the Voluntary Examinations. William
is not satisfied with this class, but in addition
receives the second prize in the Junior Division of
Prof. Robert Buchanan’s Logic Class, having as a
near rival John Caird, Greenock, the name of our
late revered Principal now appearing in the lists.”
At the close of the session of 1838 -39 William
and James Thomson took the first and second
places as prizemen in Natural Philosophy, and in
that of 1839-40 William gained the class prize in
Astronomy, and was awarded a University medal
for an essay On the Figure of the Earth, the
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manuscript’ of which is still extant. In 1840-41
his name appears once more in the prize-lists,
being this time fifth prizeman in the Senior
Humanity Class under Professor Lushington. Lord
Kelvin loved to recur to his student days, and to
his teachers of that time — Ramsay, Lushington,
Thomas Thomson, Meikleham, and J. P. Nichol.
In 1907, at the annual dinner of the London
“ Glasgow University Club,” he spoke of the fine

1 It is a carefully-written bound volume of eighty-five pages, undated.
On the title-page are two quotations :—

. . . Mount where science guides ;
Go, measure earth, weigh air, and state the tides ;
Instruct the planets in what orbs to run,
Correct old time, and regulate the sun.

Principio terram, ne non aequalis ab omni
Parte foret, magni speciem glomeravit in orbis.

A brief preface states that the writer has consulted Airy’s Z7acts and his
Encyclopedia Metropolitana article, and the works of Poisson, Pentécoulant,
Pratt, and Laplace. He claims some originality, but fears that more extended
reading may show that he has been anticipated. The contents are grouped
under four heads :—Physical Theory, Disturbance in the Moon’s Action,
Geodetic Measures, and Pendulum Observations. In the last part a demon-
stration is given of Clairaut’s Theorem. The mathematical handling through-
out is marvellous. The manuscript bears three notes of later dates; one
added December 16, 1844 ; one dated ‘“ GZ. Eastern at sea, Sep. 13/66”;
a third signed ¢“ K. Oct. 21, 1907.” After fifty-seven years, and only two
months before his death, Lord Kelvin had returned to the study of his
boyhood ! Prof. A. E, H. Love, who has kindly examined the text of the
Essay, writes : ““It is a truly astonishing performance for a boy of sixteen. It
has many affinities with Airy’s Z7act, but in the arrangement of the matter,
and still more in the general tone, it is quite different from Airy’s Z7act.
Airy’s writing was meant to be a textbook for the use of students; Thomson
writes like a scientific investigator. Besides this, his work is more complete,
For example, he includes the ellipticity deduced from the constant of pre-
cession combined with Laplace’s hypothetical law of density in the interior of
the Earth, and he includes the perturbation of the Moon’s motion in longitude.
These things are omitted by Airy. Even Pratt in his 77eatise omits the
perturbation of the moon’s motion in longitude. I don’t wonder that Lord
Kelvin took the Essay about with him, because it had everything in it in a
small compass. But the methods which he used in it are not those which he
adopted afterwards in Thomson and Tait. Evidently he learned two things
about the subject at a later date—the use of the potential function and the
use of the method of harmonic analysis. He had a large share in developing
these more powerful methods, and it seems clear that when he came to the
task of printing an account of the theory he preferred them to the methods
which he had used in his youth.”
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all-round education afforded by his University in
the good old days, and praised its width. “A
boy,” he said, “should have learned by the age of
twelve to write his own language with accuracy
and some elegance; he should have a reading
knowledge of French, should be able to translate
Latin and easy Greek authors, and should have
some acquaintance with German. Having learned
thus the meaning of words, a boy should study
Logic.” And then he went off in praise of the
advantages of some knowledge of Greek. I
never found that the small amount of Greek I
learned was a hindrance to my acquiring some
knowledge of Natural Philosophy.” Assuredly not
in his case. Yet he confessed one day that if he
could only find his old note-book with the notes of
Lushington’s lectures on the Greek play in his last
year of study at Glasgow, its pages would show
that his mind was often wandering away to matters
of Natural Philosophy! He retained a very lively
memory of his early University days, and delighted
to recall them. Well did he remember “the little
tinkling bell in the top of the college tower, calling
college servants and workmen to work at six in
the morning ; the majestic tolling of the great bell
wakening at seven the professors (and students,
too, in the olden times when students lived in the
college) ; then, again, the lively little tinkling bell
calling the professors and students of Moral Philo-
sophy and Senior Greek and Junior Latin at
half-past seven to work in their class-rooms.
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“Woe to the student of Latin who reached the
door ten seconds after the quick little bell’s last
stroke. He was shut out by the doorkeeper, un-
failingly ruthless, by inexorable order, and had to
wend his way through the darkness to his lodging,
sorrowfully losing the happy hour’s reading of Virgil
or Horace or Livy with his comrades, under their
bright young Professor, William Ramsay, and
knowing that he had got an indelible black mark
against his name.”

The then Professor of Natural Philosophy,
William Meikleham, had held the chair since 1803.
Though he can scarcely be accounted a distinguished
man, he yet had a sound knowledge of the older
branches of his science, and certainly succeeded
in arousing in his students an interest in physical
phenomena. He made them read the Méanzgue
analytigue of Lagrange and the Mécanique céleste
of Laplace, a task that would indeed have been
hard but for the excellent mathematical training
of Professor James Thomson. In the session of
1838-39 Meikleham broke down in health, and for
the remainder of that academic year his lectures
were shared between Professor Thomas Thomson
(Professor of Chemistry) and Professor John Pringle
Nichol (Professor of Astronomy). In the session
of 1839-40 Nichol gave all the Natural Philosophy
lectures after the first three weeks, and young
Wm. Thomson took the Senior Course of Natural
Philosophy under him. His note-book of the
lectures is still preserved. Nichol was a most
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accomplished man, of quick parts, with a keen eye
for recent advances in science, and a poetical
imagination. He fitted up his newly-built observa-
tory with numerous pieces of apparatus of his own
possession,! particularly optical apparatus. He
showed his students the phenomena of diffraction
and the spectrum of the sun’s light. He also pro-
cured Daguerreotype apparatus, and in 1839 initiated
the brothers James and William Thomson into the
mystery of taking Daguerreotype photographs. He
taught William to take transits of the sun and stars
with the transit instrument in the old Macfarlane
Observatory. The summer of 1839 was in later
life described by Lord Kelvin as “a white era, an
era of brightness in my memory.” Such was the
inspiring influence of the teachers® under whom he
drank in knowledge. Nichol had recently got hold
of a new book—a pamphlet of some eighty pages
—on Couples, and made his students write Christmas
essays on the Theory of Couples. It was Nichol,
too, who in 1840 brought to the notice of his eager
young student the 7%dorie analytique de la chaleur,
of Fourier, which was destined to influence his whole

! In the summer of 1840 he travelled to Munich on purpose to procure
some new instruments for his observatory. During part of this tour he and
Mrs. Nichol and their son (afterwards Professor John Nichol) were with the
Thomsons at Frankfort, as narrated at the end of this chapter.

? The following extract from Lord Kelvin’s inaugural address as Chancellor '
in 1904 gives a grateful reference to his early teachers :—¢ My predecessor in
the Natural Philosophy chair, Dr. Meikleham, taught his students reverence
for the great French mathematicians Legendre, Lagrange, and Laplace. * His
immediate successor, Dr. Nichol, added Fresnel and Fourier to this list of
scientific nobles ; and by his own inspiring enthusiasm for the great French
school of mathematical physics, continually manifested in his experimental
and theoretical teaching of the wave theory of light and of practical astronomy,
he largely promoted scientific study and thorough appreciation of science in
the University of Glasgow.” ¥
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career. Lord Kelvin himself gave me the following
account of the matter :—

“The origin of my devotion to these problems
is that after I had attended in 1839 Nichol's Senior
Natural Philosophy Class, I had become filled with
the utmost admiration for the splendour and poetry
of Fourier. Nichol was not a mathematician, and
did not profess to have really read Fourier, but he
was capable of perceiving his greatness and of
understanding what he was driving at, and of
making us appreciate it. I asked Nichol if he
thought I could read Fourier. He replied ‘ perhaps.’
He thought the book a work of most transcendent
merit. So on the 1st of May [1840], the very day
when the prizes were given, I took Fourier out of
the University Library ; and in a fortnight I had
mastered it—gone right through it.”

Fourier’'s 7héorie analytique de la chaleur had
appeared in Paris in 1822. In this work he set
himself to establish on a thorough basis of mathe-
matical analysis the theory of the movement of heat
in bodies and between bodies. It is characterised
by the same extreme elegance of exposition which
distinguishes the writings of Laplace, Lagrange,
and Poisson in their treatment of other branches of
mathematical physics; while its spacious verbiage
and refinement of style is such as to cause Clerk
Maxwell to pronounce it a great mathematical
poem. At the date of its appearance the applica-
tion of the methods of analysis to Mechanics
and Astronomy was a comparative novelty; and
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certainly no one before Fourier had had the hardi-
hood to apply analysis to the movement of heat.
The success with which he built up, by patient
insight, the differential equations for the movement
of heat, in the several cases considered, was
equalled by his success in discovering the processes
for integrating them; leading him not only to
establish the famous “ Fourier Series” for the ex-
pression of periodic quantities, but also to formulate
several new integrals of great importance in mathe-
matical physics generally. Fourier's memoirs had
attracted but little attention in England, and his
work passed almost unrecognised until the events
now to be narrated.

William Thomson was already familiar with the
French language. He and his three brothers had
been taken in the summer of 1839 to London to
see the sights of the great city, and then on to Paris,
where they were left for about two months to learn
French, while their father and their elder sisters went
on for a tour round Switzerland and South Germany.'
At Paris he frequented the Bibliotheque Royale in
order to read Laplace’s Mcanigue céleste, in pre-
paration for his University essay on the Figure of
the Earth. But for this training in French he
would scarcely have been able in a fortnight to
go through Fourier's work. It was a part of his
father’s plan of educating his family that they should
acquire a mastery of German also. Accordingly he
determined to take his children for a summer re-
sidence in Germany—no light undertaking in those
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days, when the facilities for travel were extremely
restricted. For two months the whole family took
" lessons in German conversation. On May 21,
1840, the father with his six children started from
Glasgow. The eldest daughter Elizabeth was
almost 22, James 18, William 16, and the youngest
boy Robert only 11 years old. They travelled by
steamer to Liverpool, thence by train to Lendon.
On the 25th they went to see the Queen drive to
Buckingham Palace. On the 26th the party visited
the Polytechnic to view the latest wonders, and the
same night left by steamer for Rotterdam. A note
in young Thomson’s diary runs :—

Reached the bar at the mouth of the Maas, near Brill,
at about 4% o’clock in the morning, where we had to lie
till 10. The vessel rolled greatly from side to side, but
the rolling was intermittent, as every two or three minutes
it calmed down and then rose again with perfect regularity.
This probably arose from two sets of waves of slightly
different lengths coming in in the same direction from two
different sources.

On the 28th they visited the Hague; and the
diary adds a visit to the Museum to see a stuffed
mermaid! Also a visit to a windmill at Delft,
where they criticised the primitive machinery.
Then they took a river steamer to Emmerich, and
thence by Diisseldorf to Bonn, reading Peter Simple
on the deck, conversing with some acquaintances
on painting and animal magnetism, and landing at
Cologne to see the cathedral and purchase some
of J. M. Farina’s ean wvéritable. They reached
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Frankfort-on-the-Main on June 16, and put up first
at the Wiirtemburgerhof. On June 19 they moved
into a house on the Promenade, near the Eschen-
heimer Thor, which house they furnished. They
remained here until August 2, when they left for
Baden. From there the two brothers James and
William went by themselves for a walking tour,
lasting some days, in the Black Forest. The whole
family returned to Glasgow on September 2. If
this astonishing expedition reveals the unique per-
sonality of the elder Thomson, and the thoroughness
of his educational methods with his children, the
fact remains to be told that, so far as young William
Thomson was concerned, its principal object turned
out a failure. In his later life he used to tell with
whimsical glee how it was that he never became a
good German scholar.

“Going that summer,” he said, “to Germany
with my father and my brothers and sisters, I took
Fourier with me. My father took us to Germany,
and insisted that all work should be left behind, so
that the whole of our time should be given to
learning German. We went to Frankfort, where
my father took a house for two months. The
Nichols had lodgings adjacent, and came in to
meals with us nearly every day. Now, just two
days before leaving Glasgow I had got Kelland’s
book (7%eory of Heat, 1837), and was shocked to
be told that Fourier was mostly wrong. So I put
Fourier into my box, and used in Frankfort to go

down to the cellar surreptitiously every day to read
VOL. 1 € i
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a bit of Fourier. When my father discovered it he
was not very severe upon me.”

Kelland, in fact, had been misled by not com-
prehending that a Fourier series may be expressed
either in a double series of sine and cosine terms,
or in a single series of either sines or cosines, by
appropriate assignment of epochs to the various
terms of the series. He had, therefore, hastily
concluded that, since many of the expansions of
functions given by Fourier are in series of sines or
cosines alone, they were ‘“nearly all erroneous.”
Thomson discovered, while at Frankfort, the cause
of the misunderstanding, and wrote thereupon an
article “On Fourier's Expansions of Functions in
Trigonometrical Series,” giving a new demonstration
of the expansion, and pointing out the explanation
of the apparent discrepancy noticed by Kelland.
This article was subsequently published over the
pseudonymous signature “P. Q. R.” in the short-
lived Cambridge Mathematical Journal, vol. ii., May
1841, and is reprinted as the first article in vol. i.
of Lord Kelvin's Mathematical and Physical Papers.
Lord Kelvin gave me, in 1906, the following account
of it :—* I was filled with indignation at a statement
by Kelland that almost everything in Fourier was
wrong. When I wrote my paper—my first pub-
lished original paper—for the Camébridge Mathe-
matical [Journal, my father sent it to Gregory.
Gregory had been beaten recently by Kelland in
the competition for the Edinburgh chair of Mathe-
matics.  Gregory thought the paper rather con-
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troversial, and sent it to Kelland. This was a
graceful act on Gregory’s part, that he would not
put it into the Jowrnal without referring it first to
Kelland. Kelland wrote back rather tartly, as if
piqued. Then my father and I went over the paper
and smoothed down a few passages that might have
offended Kelland’s feelings. Kelland wrote® back
that he was charmed with the paper, and was quite
amiable. So then it was printed.” As it appeared,
it was dated ‘‘ Frankfort, July 1840, and Glasgow,
April 1841.”

In the circle of University acquaintances in
Glasgow was one David Thomson, a cousin of the
great Faraday. David Thomson (B.A. 1839), of
Trinity College, Cambridge, took over the duties
of Professor Meikleham’s chair from 1842 to 1845,
during the latter’s illness. He subsequently held
the chair of Natural Philosophy at Aberdeen. He
wrote the article on ‘“ Acoustics” for the eighth
edition of the Encyclopedia Britannica, and died in
1880. By him William Thomson was, as he himself
expressed it, “inoculated with Faraday fire.” He
indoctrinated the youthful student into Faraday’s
then heterodox notions of electric action in a
medium. Hitherto the doctrines taught him re-
specting electricity and magnetism had been on the
then accepted lines of Newtonian forces acting at
a distance, with all the weight of Poisson and
Laplace to support the analytical theory. Of the

! The letters which passed, in February and March 1841, between

Gregory, Kelland, and James Thomson, were mostly preserved by him, and
were found amongst Lord Kelvin’s correspondence.
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Boscovichian theory of atoms as centres of force
acting at a distance he had learned from Nichol.
But now David Thomson inculcated the Faraday
conception of electric and magnetic forces acting
along curved lines in the medium, and the further
possibility of the screening of electric forces by
the interposition of a conducting sheet. At first
William Thomson rejected these notions, thinking
them incompatible with first principles, and argued
eagerly against Faraday’s views. Ultimately he
was convinced, and ever afterwards retained the
most sincere admiration for Faraday and his work.

And so with the advent of April 1841 came to
an end William Thomson’s sixth and last session as
a student in the University of Glasgow. He left
the University ! without even taking a degree!

APPENDIX TO CHAPTER 1.
THE VISIT TO FRANKFORT.

In the Memoir of John Nichol (Professor of English Literature
in Glasgow, 1862 to 1889), son of Professor J. P. Nichol, there
are some autobiographical notes, written in 1861, which throw
an interesting light upon the Thomson family, and, in particular,
upon the episode of the trip to Frankfort. John Nichol was then
seven years old. From these notes the following passages are
extracted :—

1 Nevertheless he sat for the degree examinations at Glasgow. A certi-
ficate, still preserved, reads as follows :—*¢ COLLEGE OF GLASGOW, April 22,
1839. William Thomson. Examined and approved for the Degree of A.B.
by us, Robert Buchanan, William Fleming, William Ramsay, E. L.
Lushington.” At that date Thomson had not completed his fifteenth year.
He purposely abstained from applying for the formal conferment of the degree,
in order that he might not be prejudiced in entering as an undergraduate at
Cambridge.
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The day came when we started for Germany,—my father, my
mother, and myself. . . . We went, I think, from Edinburgh to
Glasgow, and then to Liverpool, and then to London. . . . I have no
memory of our embarkation. Light breaks upon one next at Ostend.
. . . We went to the Continent alone—we three—but our friends, the
Thomsons, had arranged to meet us on the way; they spent some
considerable time with us on the Rhine, so I had better explain who
they were. Had I more leisure and a clearer memory, I think I
could write something about the Old College Court. The dingy old
place has for me some pleasant associations. . . . When we first
lived there, Hill had not begun to send forth his platitudes from the
chair, . . . nor the most illustrious of the Thomsons to make new
discoveries in electricity. . . . Members of that great gens literally
filled one-half of the chairs in the University, I will not venture
to say how many I have known. There was Tommy Thomson the
chemist ; William Thomson of Materia Medica; Allen Thomson of
Anatomy, brother of the last; Dr. James Thomson of Mathematics ;
William, his son, etc., etc. Old Dr. James was one of the best of
Irishmen, a good mathematician, an enthusiastic and successful
teacher, the author of several valuable school-books, a friend of my
father’s, and himself the father of a large family, the members of
which have been prosperous in the world. They lived near us in the
court, and we made a pretty close acquaintanceship with them all,
Mrs. Thomson had died before her husband came to Glasgow ; but
there were two daughters, both clever, good talkers and sketchers,
one of them very pretty ; and four sons, in their order, James,
William, John, and Robert, a pleasant and happy group now
scattered far and wide. Dr. James came originally from the North
of Ireland, and, to some extent, combined the qualities of the two
races who are in that district fused together. He was laborious and
precise and acute, destitute of the inventive, but largely endowed
with appreciative faculties. Good-hearted, he was shrewdly alive to
his interest without being selfish, and would put himself to some
trouble, and even expense, to assist his friends, He was a stern
disciplinarian, and did not relax his discipline when he applied it to
his children, and yet the aim of his life was their advancement.
He was impressionable, if not impressible, like the most of Irishmen,
and was more tenacious of his impressions than most. He was
uniformly kind to me, and I owe him nothing but gratitude.

Of the sons I liked James the best. He was crotchety, and apt
to be sulky with those who would not enter into his crotchets ; here,
as far as I know, his faults end. He was steadfast, straightforward,
independent, quiet, unobtrusive, with more Scotch than Irish blood
in his veins, and yet it ran warmly enough for his friends, and at a
later period I had the honour to be one of them. His passion was
engineering ; he was always on the eve of inventing something that
was going to revolutionise trade. He used to show me lots of
models, and often when we were in Arran together he would walk
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out to try his boats or his wheels on the streams, as a chemist goes
to make an experiment that will test the worth or worthlessness of
years of toil, or the astronomer goes to look for the star whose place
he has predicted with the help of a million figures. I believe some
of those inventions were excellent, but there was always some
practical obstacle which prevented their bringing to the inventor
either the fame or the fortune they merited. James was an idealist
in his way.

John was an assiduous and successful student of medicine, and
died of a fever caught during his attendance on the hospital. . . .

We stayed some little time at Bonn. We lodged near the verge
of the town, where we met the Thomsons, and the younger boys and
I used to make little paper boats, and let them sail far away over
the roofs of the houses. . . . From Bonn, too, my father, with James
and Willy Thomson, went to walk for three days among the craters
of the district, and came home with their pockets full of specimens,
which James still preserves in his cabinet.

“It was upon a trancéd summer night” that we sailed round the
corner of the Rhine which reveals the Siebengebirge, and came
gliding in to the island of Nonnenwerth, Clear and calm and fair
the memory of that night comes back to me from over all the years,
One by one the peaks appeared, and stood grandly above the quiet
stream, in the grey light which soon faded away beyond their
purpling crests. The moon stood out, a glorious crescent on the
ridge of Rolandseck, and a bright star led the host of heaven over
the brow of Drachenfels. . . .

We were on our way to Frankfort when this happened, and there
we spent the most considerable part of our time. I remember our
getting settled down somewhere into comfortable lodgings up one or
two stairs, and our meeting the Thomsons again. . . .

My father went alone to Vienna by Ratisbon and Passau,
returning by Innsbruck and the Tyrol and Munich. My mother
and I stayed three months at Frankfort ; the Thomsons came often
to see us, and we had other varieties enough to prevent us feeling
lonely. . . .

Frankfort was a pleasant place to live in then, whatever it may
be now. It had its romance—old houses within, and green glades
without the walls; and yet it was well furnished with all things
needful. I should be glad to return there and see if the cherries
taste as sweet as ever, if the environs are as luxuriant as when we
went out on an afternoon to see the Prince [Landgraf] of Homburg
drive round his park, or the streets as gay as when there was a rush
of lights at night.



CHAPTER 11
CAMBRIDGE

O~ April 6, 1841, William Thomson, then in his
seventeenth year, was formally entered at St. Peter’s
College, Cambridge, as a student of the University.
The Admission Book entry is:i—

1841, April 6th, Gulielmus Thomson, Doctoris Jacobi
Thomson Filius, Scotus, ad mensam pensionarium ad-
mittitur.

He came into residence in October of the same year.
St. Peter’s, or Peterhouse, to give it its ancient and
more familiar name, is not one of the great or wealthy
Colleges, but it has always maintained an honourable
tradition for scholarship of the best sort, and for an
intellectual activity that would do credit to a larger
and more richly endowed institution. In the ’forties
it ranked about fifth or sixth in size. Hence the
position of a pensioner of Peterhouse would in no
sense be regarded as inferior to that of one resident
in Trinity, King’s, or St. John’s. In the Tutor’s
Book it is recorded that he was recommended to
the College by his father, who himself accompanied
him to Cambridge to introduce him to personal
friends—Challis, Gregory, Hopkins, and others.
23
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Probably Professor James Thomson decided on the
choice of Peterhouse for his son because of the fame
of Hopkins, the mathematical coach, for whom he

had a great admiration.

For some reason Peterhouse had from this
period onwards a distinct following of Scottish
students. Thomson’s famous colleague Tait entered
Peterhouse three years after he had left it; and two
years later, it was to Peterhouse that Clerk Maxwell
came, though he migrated after one year to the
more highly endowed Trinity.

Of that period the present Master of Peterhouse
has written the following notice in the Cambridge
Review :—

But Cambridge had a claim of her own upon Lord
Kelvin. She had possessed him during those incom-
parable years of life through which a man of genius
passes, as through a golden gate into a region open only
to a few—the region of great achievement.

When he came up to Peterhouse the Tutor of the
College was Henry Wilkinson Cookson, who had taken
his degree in 1832, and afterwards became Master. No
man could have served his College, and I may add
the University, more loyally and more effectively than
Cookson, who knew it both znfus et in cute; but there
could not be much intellectual affinity between him and
Thomson, as his private scientific tastes were mainly
biological.

On the other hand, Thomson was, as an undergraduate,
brought into immediate contact with Frederick Fuller,
afterwards Professor of Mathematics at Aberdeen, who
graduated only three years before himself, and sub-
sequently succeeded Cookson as Tutor. He survives as
one of the oldest members of a College which owes him a
deep debt of gratitude ; and it was a rare pleasure to find
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myself voting on the same side with him not very long
ago. But in the early ’forties an emanation of mathe-
matical glory was already proceeding from our ancient
house, where William Hopkins, after graduating as far
back as 1829, had already become one of the most
successful private tutors known to the ancien régime, and
where his distinguished name and unsullied memory are
still justly revered. Tait and Steele, as again every one
knows, headed the Mathematical Tripos in 1852, and
both of them became Fellows in the following year.

The intimacy of Thomson and Tait, and the joint
production of their great book, therefore, do not belong to
their Cambridge years, though counting among the chief
glories of Peterhouse. Routh’s year, 1854, when Clerk
Maxwell was second Wrangler, was another annus mira-
bilis for Peterhouse.

Canon Grenside, one of Thomson’s contem-
poraries at Peterhouse, has narrated how he first
met him at the wine-party given to freshmen by
Mr. Cookson the tutor, shortly after the opening
of the October term of 1841. “ William Thomson,
a slender, fair-haired youth, sat immediately opposite
me,” writes the Canon. ‘I noticed him particularly
—especially his youthful appearance. Of course no
words could be exchanged across the table in the
august presence of the College Tutor. We soon
became friends, and that friendship lasted to the
end of his distinguished life, though meeting at rare
intervals. He had not been settled in his rooms
for more than three days. . . . Two days after-
wards it was currently reported in the College that
Thomson would be Senior Wrangler!”

Thomson had scarcely entered Peterhouse when
his anonymous paper in defence of Fourier’s
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Expansions of Functions in Series appeared in
the Cambridge Mathematical Journal. The secret
soon leaked out; and it became evident that here
was a student of unusual promise. In November
1841 he had a second article,” written in reality in the
previous April, giving a new proof of the generality
of Fourier’s Solution of the Expansion in Series—
a proof different from that already advanced by
Poisson. This was followed in 1842 by two more
papers in the Cambridge Mathematical Journal,
still signed “P. Q. R.,” of a much more advanced
character.

Thomson’s life at Cambridge differed little from
that of the earnest and active undergraduates of his
time, save perhaps in the intensity with which he
threw himself into everything with which he let
himself be occupied. He read, walked, boated, and
even indulged in occasional dances and more
occasional rides. The days during term time at
Peterhouse were filled with varied activities.
Thomson usually began his morning by a rapid
walk or run, before breakfast, around the College
Grove. Every day, almost without intermission,
summer and winter, he used to take a dip in the
waters of the Cam, sometimes making his way to
Byron’s Pool for a plunge.  Lithe in figure, and wiry
of constitution, he enjoyed other outdoor recreations,
particularly rowing. Athletics had not at that date

! Copies of these two articles were sent in the New Year by James
Thomson to Kelland, who replied : ““I have to return you my best thanks
for your kindness in sending me the papers of your son. I will only add
that the early genius displayed in these and in all his papers promises to rank
your son soon amongst the mathematicians of Europe.”
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swelled to the overweening proportions of later
time, and occupied a more rational share in the life
and outlook of the University man. How Thomson
distinguished himself in play as well as in work we

shall see.

Thomson’s tutor for the first term was Cookson.
In January 1842 he began to read with Fuller, but
he worked for one term, and through the long
vacation of 1842, without a tutor. After that he
had William Hopkins as his private coach, “an
excellent and sound mathematician and scientific
man,” as Thomson described him sixty years after-
wards. In the Cambridge of those days, as since,
the career of the student who was reading for the
Mathematical Tripos depended greatly on the
tutor or coach under whom he read. A tutor
who could impart method and enthusiasm to the
men working under him was sure to bring them
forward. And Hopkins, who was also a very
competent geologist, and who left his mark in more
than one department of physics,! was assuredly
capable of sympathising with the ardours of the
youthful Thomson. He had, moreover, himself
contributed to the investigation of a problem of
particular interest to Thomson, the theory of the
rigidity of the globe of the earth,—an exceptionally

1 Hopkins had written in 1835 on Aerial Vibrations in Tubes. In the
years 1839 to 1842 he had no fewer than three memoirs in the Philosophical
Transactions of the Royal Society, on the Precession and Nutation of the
Earth in Relation to the Fluidity of its Interior, and on the Thickness of its
Crust. From 1843 to 1861 he wrote much on the theory of Glacier Motion,

and from 1852 to 1860 on Terrestrial Temperatures. He was President of
the British Association in 1855,
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suitable guide, one would say, to direct the mathe-
matical studies of the fervid youth.

Such letters as a young undergraduate writes to
his family from the University, even if filled with
the trivialities of the hour, throw much light not
only on the life of the time, but on the development
and character of the writer; and to this the letters
of William Thomson are no exception. Happily a
very large number of these have been preserved, as
also those written to him by his father and his sisters,
and his letters to his widowed aunt, Mrs. Gall, who
at this period was housekeeper for Dr. James
Thomson in the lively family circle at No. 2, the
College, Glasgow.

On 21st October he tells his sister Elizabeth how
he has been fortunate in getting comfortable rooms
in College—a parlour, a bedroom, and a gyp’s room.
(He has to explain afterwards that the name gyp is
derived from iy, a vulture /) Then he has had to
make his own breakfast, succeeding very well,
except that he forgets whether to put in the coffee
after or before the water is boiling, so asks for the
proper directions! Next he tells of the calls of the
tradespeople, and of the hairdresser who asks him
to contract for getting his ‘“hair dressed at 2s. 6d.
a term—very cheap”; which advantageous and
tempting offer he declines, considering that hitherto
his hairdressing has cost him only 2d. the half-
year. He is surprised at the way the gyp!® lays his

1 This old famulus bore the name of Boning, and, to distinguish him from
other college gyps of the same gunzs, was always known as ‘“Gentleman
Boning,” because he always went about in a high hat, and wore gloves. He
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table for breakfast and tea, and clears away the
things afterwards.

To his sister Anna, on 23rd October, he writes
telling of various events: of surplice-day at chapel ;
of his having gone to ‘“take wine” with Cookson—
a solemn occasion ; of King’s College Chapel, where
he is struck with the roof as a problem in the equi-
librium of structures; and he wants her to tell him
how much tea he must use to make a cupful.

On 26th October he writes his father that he
finds himself to have been partially anticipated by
Liouville in one of his papers. He has been told
by Cookson what books to read ; and he has joined
the Union. October 29th brings him a letter from
his father narrating his return journey, and advising
him as to personal economy. ¢ You must keep up
a gentlemanly appearance, and live like others—
keeping, however, rather behind than in advance.”
He winds up by asking William for a solution of
the problem to find the centre of gravity of a
spherical triangle. William’s reply gives an account
of Mr. Cookson’s first “lecture” (on Euclid), in
which he laid down the University’s ideas of
education as opposed to modern ‘‘diffusion-of-
useful-knowledge-society’s ideas.” He grieves that
in his rooms he has fifteen yards of bookshelves

used in after-years to relate that when he was conducting father and son for
the first time to Thomson’s rooms he remarked, ¢ Your son’s very young, sir,
to be coming to college”; to which the father replied, ‘“He may be, but
youwll find he’s very well prepared.” Mr. J. D. Hamilton Dickson, Fellow
of Peterhouse, to whom Boning recounted this, has also told that when he
was at college the hairdresser Bendall was still alive, though in old age. It
was on his death that Shilleto wrote the poem ¢‘Ultimus Tonsorum,” published
in the Cambridge Chronicle of June 26, 1875.
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and only half a yard of books; tells how his friend
Grenside advises him not to join the boat-club
because of the rowdy men in it; mentions the
canvassing of votes for the President of the Union,
and how he has promised to vote for Hardcastle
because his opponent is a Johnian; touches on
sundry mathematical problems, but has not yet
found a solution to the one sent him. A day
after, he writes again that he has received Chasles’
book, where he finds another anticipation of his
theorems, but by a different method.

November 15th finds him writing again to his
father. Money matters are urgent; he wants to
pay some bills at once so as to secure discounts.
He has been to a second “wine” with Gregory.
Then a message to his sister. “Anna says she
was rather amused at my using the word man so
much in my letters, but the reason is because I am
so much amused myself at the great use made of
it here. It is quite unprecedented to talk of going
to see a friend, or a student, or a person, but the
word used is universally man, and it certainly does
sound rather strange to hear them calling me a
man.” “ Letter-writing is nearly as fatiguing to me
as mathematics,” he adds. And, indeed, he was
throughout his life a slow writer, laboriously penning
alarge script in which he loved to imagine each indi-
vidual letter to be distinct. His friend Scratchley®
is thinking of migrating to Queens’, and he himself
now raises the question whether, as the chances of

1 Arthur Scratchley, graduated from Queens’ College 1845.
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a Fellowship at Peterhouse are limited, he had not
better also think of migrating elsewhere. His letter,
sputtered over with ink-specks, is written—as a post-
script explains—with a quill pen, which he finds to be
used at the examinations, and therefore he  must get
into the habit of being able to write with them.” A
few days later he writes to his sister Elizabeth :—

I adventured myself to-day for the second time in a
funny (or funey or funney), zZe. a boat for one or two
people to row in. It is certainly rather a venture to go
in them, as we can hardly stand upright in them for fear
of upsetting them, they are so very light and narrow. I
can manage it quite well, however ; and, besides, I would
not care for an upset, except for my watch and the dis-
grace. In this College, and in all the others, there is a
boat club which has one or more eight-oared racing
boats which go out very frequently to practise the crews
for the races. Our boat goes out every day, and will be at
the head of the river in the next races, now that I [!] have
come here, though it was not before. I have not joined
the club, however, as rowing for the races is too hard work
for getting on well with reading; and, besides, the men
connected with the club are generally rather an idle set.

His father is glad he did not join the boat club.
William’s next letter, of November 21, tells of his
work, reading for both Cookson and Hopkins, and
doing seventy lines of Promethens Vinctus every
other day. It gives him very little trouble. He
has had the honour of a call one evening from Archi-
bald Smith' and D. F. Gregory *—both Fellows !—

! Archibald Smith, of Jordanhill, near Glasgow, of Z7Znity; Senior
Wrangler, 1836 ; later a distinguished equity draughtsman of Lincoln’s Inn ;
author of the Addmiralty Manual on the Deviation of the Compass ; died 1872.

2 Douglas Farquharson Gregory, Z7#n. Coll.; B.A., 1838 ; Fellow of
Trinity, 1840; author of Examples of the Processes of the Calculus; died
February 1844.
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who had discussed mathematics and even worked
problems in his room. He narrates a festivity :—

On Tuesday night I went to Hopkins’s party. . . . I
went in at about eight o’clock, and was nearly among the
first. A few wrangling-looking men soon began to drop
in, and a great many freshmen, or raw materials for
manufacture. Any to whom I spoke said they were
going to read with Hopkins if, or as soon as, he would
take them. There were no less than three of our fresh-
men present, besides myself, and one of our other men.
Later in the evening some ladies, and older gentlemen,
and among them Ansted of Jesus College, one of the
proctors, came in. Mr. and Mrs. Hopkins and a young
lady sang some glees, and Mr. Hopkins asked all of us
whether we performed on any instrument; and when he
heard that we did not, he said he was very glad to hear
it.  After music, conversation, and looking at a great
many beautiful prints, we adjourned into another room
for supper, which was in very splendid style.

On 6th December his father wrote to him:
“Recollect my invaluable maxim never to quarrel
with a man (but to waive the subject) about
religion or politics,” and added much good advice
about wine-parties and avoidance of danger in
skating. The reply of 12th December deserves
summarizing : “I have gone to as few wine-parties
as I possibly could, and at any to which I have
gone there has not been the least approach to
excess. . . . I have given no wine-parties, or indeed
any parties yet, but I suppose I must return some
of the invitations next term.” ‘ The separation of
the freshmen of this College into the two classes of
‘rowing men’ (pronounced rouing, and meaning
men who are fond of rows and ‘rowing’ parties)
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and ‘reading men’ has very soon become distinct.
All my friends are among the latter class, and I am
gradually dropping acquaintance with the former as
much as possible. I find that even to know them
is a very troublesome thing if we want to read, as
they are always going about troubling people in
their rooms.” . . . Then he discusses the migra-
tion question : he has consulted Cookson how to
beat Scratchley if Scratchley stays on at Peter-
house; the difficulty of choice of a college lies
in finding one with lay Fellowships. He has now
finished the “reading” of his first-year subjects,
Euclid, etc. “My anti-short-sight glasses are
: getting on very well, and I certainly think I am
very much less short-sighted than I should be if
I did not use them.” . . . “With regard to boat-
ing, you need not be in the least afraid. As I do
not belong to the boat-club, I always row by myself
in a funny (or, as it is called, séwulling, for Alex.
Crum’s satisfaction), or at least go in a two-oared
boat, with some friend with whom I should other-
wise be walking. With regard to rowing in funnies,
I think it a very useful thing, as it gives variety
from mere walking, which alone is not the best
exercise, and we never meet anybody except those
with whom we go to row. Indeed, very few of the
dissipated men row at all, except in the College
boat, as they are always too much occupied, and
the only objection 1 see to rowing without joining
the club is the expense of going very often. I

mean, however, when the fine weather comes, to
VOL. I D
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make application to you with regard to how often
I may take a boat.” The letter closes with a dis-
cussion of some accounts, and of the costs of wines.

Christmas he spends at Gainscolne Rectory with
Dr. Greenwood, the father of one of his fellow-
collegians. Thence he writes to tell his father of
Gregory’s doings in finding the values of definite
integrals “in a very curious way by the separation
of symbols,” and of a party at Challis's where he
had met Cayley, “who is to be Senior Wrangler
this year.”

In an undated letter of this period William
writes :—

Hopkins has now given me two examinations, and he
says, as the result, that he sees I know the principles very
well, but that though I could probably read the subjects
as well, or better, by myself, I may perhaps be the better
of a tutor for a term or two before I read with him
(which will be next October), to drill me in writing out
a little. He says that if I stay up in the long vacation
(which, he says, will be a great advantage) he will prob-
ably be able to direct my reading sufficiently so that I
shall not require a tutor. . . . After the fourth-year men
go away I am to get other rooms in the old court, which
will be much better than these which I am in. . . . All

the rooms in the old court are much cheaper in proportion
to their excellence in the old court than in the new.

In the New Year of 1842 Dr. James Thomson
writes to William, enclosing two bankers’ drafts,
and cross-questioning his son rather severely about
his accounts of expenditure, the items of which do
not tally with the total. He urges the importance
of his acquiring ‘““accurate business habits,” and
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points the moral by recounting the financial straits
of a colleague at Glasgow who had expended money
recklessly on instruments, and was deeply in debt.
William replies on January 15th explaining the
items of the accounts. Bits of Cambridge news
follow. Cookson and Hopkins have decided that

Fuller is to be his tutor for the next term. ‘“All
the great mathematical men here are very much
against the tutoring system. . ..” “You should

get for the library a new French work on the Difl.
Calc. by Moigno, which Gregory says is the best he
has seen, and De Morgan’s Difl. Calc. (in sixpenny
Nos. by the Society for the Dif. of Useful Know-
ledge), which is very queer, but contains a great
many good ideas.” The criticism of De Morgan
at this stage by the undergraduate, then in his
eighteenth year, is curiously suggestive. A day or
two later he writes again to his father asking him
to send him his Zssay (on the figure of the Earth;
see p. 9), also his Fourier, Poisson’'s Mécanigue,
and Peacock’s Examples, “ and as many books of a
lighter kind as you choose, as my library is so very
scanty that I shall almost be obliged to buy books
to fill the shelves.” Then he tells how he has been
measuring his strength in a preliminary way with
the wranglers of the year. The Senate-house
examinations being just over, he sat down to most of
the papers to see how many questions he—a mere
freshman—could do. “I found, on comparing with
what some of the men had done who went in, that
I got on tolerably well, especially in some of the
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problem papers, though of course I missed a great
deal from not being very ‘well up’ with many of
the subjects.”

The safe arrival of the books was acknowledged
in a letter of February 6th. He has got into new
rooms. He has been rowing two or three times
with Hemming.! He has got on well with Fuller,
getting three papers a week from him to work ; on
low subjects so far, but next week to be on Analytic
Geometry of three dimensions. On February 19th
he sends home a long letter, with a surprise. Along
with another man he has bought a boat for rowing,
built of oak, as good as new, for seven pounds, the
price new being twenty-four. The boat was
decorated in blue and gold, and called the Nawutz/us.

The boat which we have got is made for only one
person, and so we shall go down by ourselves on alternate
days to row between two o'clock and four. I shall go
down often along with Hemming who has a funny of his
own. He is a very hard-reading and steady man, and
will certainly be a very desirable acquaintance. He is
very fond of rowing, but will not pull in the College boat
on account of the kind of men of which the clubs consist
usually. For his boat, which he takes by the year, he had
to pay twelve pounds for this year, which is the first he
has had her, and will have to pay six pounds a year
afterwards, as long as he keeps her, so you see we have
got a wonderful bargain. I have been going on reading
steadily, about eight hours a day, and getting up perfectly
regularly a little before six o’clock.

He adds that he thinks he may get a Gisborne
scholarship, worth £30 a year. His father replied,

! George Wirgman Hemming, of S% Jok#’s; Senior Wrangler in 1844 ;
Fellow ; later Q.C. and Official Referee. Died in 19053.
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expressing surprise at not having been consulted
about the purchase of the boat, and saying roundly
that he thinks his son has been taken in over the
‘“ wonderful bargain.”

I think I told you to send me your accounts of
expenditure from time to time. Any explanations,
except those of importance, can stand over till I see you.
Write them on slips of paper on one side, and you can
cut them out as occasion may require. Use a// economy
consistent with respectability. Be most circumspect about
your conduct and about what acquaintance you form.
You are young : take care you be not led to what is wrong.
A false step now, or the acquiring of an improper habit or
propensity, might ruin you for life. Frequently look back
on your conduct and thence learn wisdom for the future.
. . . Have you been returning your parties? Tell me
about anything of the kind. You must contract no debts
except through Mr Cookson.

On February 25th William writes to explain
further the purchase of which his father had disap-
proved. He tells how he has returned his invita-
tions by giving two parties, both of which broke up
about seven o'clock. His explanations must have
had weight, for on March 3rd he writes again: “I
was very glad that you do not object to the boat
now, as I had been very uneasy since I received your
first letter.” “I am beginning to get very anxious
to see all at home again, and am already looking
forward with pleasure to the time when I shall be
able to get away.” “Our (Peterhouse) boat is at
the head of the river.”

On February 27th Elizabeth wrote to her brother

that papa (he was always “ papa” to his children)
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was reconciled to the purchase of the boat. But on
March 12th William had to write that there were
more accounts to pay. The College examination
was now demanding all his time for preparation.
“I have been thinking on writing a short paper on
some points in electricity for the May number of the
Mathematical Journal, but 1 do not know whether
I shall have time till after the littlego. . . . I bathed
to-day at Byron’s Pool, for the first time, along with
Hemming and Gisborne.”!

Dr. James Thomson was, however, not quite
satisfied. He wrote to Cookson to ask whether he
approved of the way his son was conducting himself,
and the reply was reassuring. Accordingly, on
March 27th James Thomson sends his son, without
further inquiries, 410, out of which he may pay for
the boat; but he hints that Cookson doubts the
propriety of the young undergraduate writing those
advanced contributions to the Camébridge Matie-
matical fournal. Before this letter was received
William had sent his father another batch of College
accounts, which promptly evoked a call for further
explanations as to unexplained items. On March
3oth William admits in a rather crestfallen way his
failure to account for the discrepancy of a few shil-
lings, and explains the principal items of his College
bills. On April 6th the father writes, hoping that
his lecture on economy to his son has not been too
severe, and tells of a visit of Archibald Smith, who
does not agree that William should be discouraged

1 Francis Gisborne, of Peferhouse ; B.A. in 1845.
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from writing in the Journal; also mentioning a
dispute raging in the Senate of the Glasgow Univer-
sity, where he, James Thomson, was championing
the abolition of religious tests against the party led
by the Principal and Professor Fleming. On April
14th, acknowledging bank-notes from his father,
William writes suggesting certain mathematical
subjects for junior and senior classes at Glasgow.
Archibald Smith’s encouragement came, he says,
just when he had taken down from its shelf his
Fourier, and some notes made in Frankfort, which
he now proposes to work up into an original paper.
“The sculling is going on with great vigour, and is
keeping me in excellent preservation. Every one
now says that I am looking much better now than I
did some time ago, and I find that I can read with
much greater vigour than I could when I had no
exercise but walking in the inexpressibly dull coun-
try round Cambridge.”

On April 20th he writes about his original mathe-
matical work for the Journal, for which he will have
time in the summer in the house at Knock Castle
(three miles from Largs), which his father has secured
for the holidays ; and referring to the College exam-
inations adds, “of course, at present I have not
much time for such ‘dissipation.”” * Our classical
lectures are on the 6th book of the Aneid (one of
our littlego subjects) which will form the Latin
part of our classical examination.”

On May 6th he writes again that the College
examinations are now nearing, and that he is reading
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hard in hopes of getting a Gisborne scholarship.
He has now bought the other half-share of the boat.
“I always go down along with Hemming and
Stephen' (who is also one of Hopkins’s men, and is
3rd of his year at St. John’s). Budd, of Pembroke,
another of Hopkins’s men, and probably the only
one of whom Hemming has anything to fear in the
Senate-house, is thinking on joining our fleet in the
long vacation.” He asks his father to bring to
Knock Fourier's and Poisson’s 7Veories of Heat,
as he will want to work at them. ‘“You should
endeavour to persuade Sandford to come to Cam-
bridge instead of to Oxford. The well-taught, well-
trained, and at the same time clever man is #4¢ man
for Cambridge.” He was now working very hard
for the College examinations, working a mathe-
matical paper each day, and spending the rest of the
time on classics ; rowing, however, from two to four
with “the fleet.” He distinguished himself suffi-
ciently to earn the Gisborne scholarship. Cookson
sent word to Dr. James Thomson: “ Your son has
passed an excellent examination, and has shown
that he possesses talents which will enable him to
obtain the highest honours in the University, if he
goes on as he has begun. I thought it possible that
there might be some slight deficiency as regards his
qualifications for a Cambridge examination, but there
appears to be little or none, and one may anticipate
a very successful termination to his University
career.”

1 James Wilberforce Stephen, of Jo4»’s, Wrangler in 1844.
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James Thomson wrote advising his son how to
travel as cheaply as possible from Cambridge to
Largs; and on June 3oth the question of College
expenses is again the subject of severe parental
comment. The total cost of maintenance at College
had been £230:7:8 since October 1841.

The summer of 1842 was spent by the united
Thomson family very pleasantly at Knock; the
event of the season being the engagement of
Elizabeth Thomson to the Rev. David King.!
William found time to complete for the Journal the
two original memoirs which he had in hand.

The first of these memoirs of 1842, “On the
Linear Motion of Heat,” gave the solution in two
different forms of the differential equation which
expresses the linear motion of heat in an infinite
solid, by which equation it is sought to find the tem-
perature at some point at any distance, x, from a
given zero-plane at any time £ This paper was a
mathematical development of some intricacy on the
lines of Fourier’s work.

Again and again in later years Lord Kelvin
would return to this paper as containing the germs
of many of his subsequent ideas. In its concluding
passage it contained a speculation as to the inference
to be drawn if negative values are assigned to the
time #; for obviously the theorems laid down hold
good for negative values of ¢ as well as for positive

1 Rev. David King, born 1806 ; minister of Greyfriars Secession (United
Presbyterian) Church in Glasgow ; LL.D. of Glasgow, 1840; one of the
founders of the Evangelical Alliance, 1845 ; lived at Kilcreggan, 1855-60;
minister of the Presbyterian Church, Bayswater, 1860-69, and of Morningside
Church, Edinburgh, 1869-73 ; died in London, 1883.
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values. In general it resulted that the temperature
of any plane except the zero plane will be impossible
for negative values of ¢; since the initial distribution
of heat, assumed in the function, is in general not of
such a form as to constitute any stage, except a first
stage, in a possible system of varying temperatures.
In other words, the state represented cannot be the
result of any possible anterior distribution of tem-
perature. Lord Kelvin used to declare that it was
this mathematical deduction which convinced him
that there must have been an origin to the natural
order of the cosmos; that therefore natural causes
could not be deduced backwards through an infinite
time. There »ust have been a beginning.

A second part of the investigation on the linear
motion of heat was published in 1843 It dealt
with the solution of cases where the source was
periodic in time; as, for example, the case of the
propagation downwards into the earth of the
periodic changes of temperature produced on the
surface by the diurnal and annual variations of the
heat received from the sun.

The second memoir, which is dated ¢ Lamlash,
August 1842, has for its title “On the Uniform
Motion of Heat in Homogeneous Solid Bodies,
and its connection with the Mathematical Theory of
Electricity.” It was subsequently reprinted (1872),
as Article I. of Lord Kelvin’s collected volume of
papers on FElectrostatics and Magnetism. In this
memoir the leading idea is a certain analogy that
had struck him when pondering the Faraday
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problem of curved lines of force. In the flow of
heat through a solid conducting body, surfaces,
called isothermal surfaces, may be drawn through
all points that are at equal temperatures ; and the
stream-lines of the flow of heat as it passes from one
isothermal to another will always intersect these
surfaces normally. Again, if a conducting body be
electrified, the charge of electricity at once dis-
tributes itself over the surface with such a distribu-
tion that the attraction on a point close to that
surface, if oppositely electrified, will be perpendicular
to the surface. The sole condition of equilibrium
of electricity, distributed over the surface of a body,
is that it shall fulfil this requirement. Consider a
(closed) surface in an infinite solid to be somehow
retained at a constant temperature from within,
there being a steady flow of heat outwards across
the surface. Next consider an electrically conduct-
ing body, bounded by a surface of identical shape,
to be exercising forces on electrified points outside
it. Then the electrical attraction at any point of
surface, in the second case, will be proportional to
the intensity of the flux of heat at a similarly-
situated point in the first case; and the direction of
the attraction will correspond to that of the flux.
Farther, there follows this remarkable theorem, that
if around a conducting or non-conducting electrified
body of any shape, a surface be conceived to be
described, such that the attraction on points situated
on this surface may be everywhere perpendicular
to it, and, if the electricity be removed from the
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original body and distributed in equilibrium over
this surface, its intensity, at any point, will be equal
to the attraction of the original body on that point,
divided by 4 =, and its attraction on any point with-
out it will be equal to the attraction of the original
body on the same point. The possibility of thus
replacing the actual system by an ideal distribution
that should be equivalent to it so far as the pro-
duction of forces was concerned, greatly facilitated
the calculation of attractions in certain cases which
previously were not amenable to mathematical treat-
ment. The memoir went on to consider the special
case of the uniform motion of heat in an ellipsoid.
In the case of heat, where the isothermal surfaces
are confocal ellipsoids, as Lamé had previously
shown, they will meet the lines of flow ortho-
gonally; so also will the lines of electric force in
the corresponding electric case. The development
of this conception, in mathematical form, was
masterly, but the requisite integrations were stated
quite simply ; the theme presenting the appearance
of a piece of physical insight mathematically stated,
rather than that of an analytical investigation having
a physical interpretation. After Thomson’s paper
had been some time in the hands of the editor of
the Cambridge Journal, he discovered that he had
been anticipated by M. Chasles, the eminent French
geometrician, in two points, namely, in the ideas that
led to the determination of the attraction of an
ellipsoid, and in an enunciation of certain general
theorems regarding attraction. He, therefore, when
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the paper appeared some months later, prefixed a
reference to M. Chasles’ memoirs, and to another
similar memoir by M. Sturm. Still later, Thomson
discovered that the same theorems had been also
stated and proved by Gauss ; and, after all, he found
that these theorems had been discovered and fully
published more than ten years previously by Green,
whose scarce work he never saw till 1845.! ]

Here was an undergraduate of eighteen handling
difficult methods of integration readily, and with
mastery, at an age when most mathematical students
are being drilled assiduously in so-called geometrical
conics and other dull and foolish devices for calculus-
dodging. And not only was he handling with
mastery the processes of the higher mathematics,
but he was here attacking and solving problems,
and laying down general and important theorems in
physical science, to which three of the finest mathe-
maticians in Europe had already independently been
led. And yet his methods were not theirs. That
of Chasles was geometrical rather than analytical,
while Thomson had arrived at his by discussing
Faraday’s paradox of the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>