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scientific research into subjects connected with medicine, elected a
Fellow of the Royal Society. He was also a member of the Senate
of London University elected by the Queen, LL.D. of Edinburgh,
M.D. (Hon.) of Dublin and of the Royal University of Ireland, and
also a Fellow (Hon.) of the Royal College of Physicians of Ireland.
'He was Fellow and President of both the Medical and Chirurgical
and the Pathological Socicties, to the *Transactions’ of which he
jmade several valuable contributions, and member and President of
e Harveian Society of London.
&1In 1890 he was appointed Physician Extraordinary to the Queen ;
jsthd on New Year’s Day, 1891, received the well-merited honour of a
[Baronetcy of the United Kingdom. This becomes extinct with his
Ideath, as Sir Richard Quain leaves no son. Isabella Agnes, Lady
*Quain, to whom he was married in 1854, was the only daughter of
r. George Wray, of Cleasby, Yorkshire she died, to his profound
@ief, a few months after the baronetcy had been conferred upon
"8m. Four daughters survive him.
tySir Richard Quain was much and justly esteemed by his profession
\a&'jd by the public. The kind-heartedness and geniality of his nature,
fs amusing and epigrammatic conversation, his wide knowledge of
n¥en, and his unwearying sympathy and kindness, made him popular
#ot only with the younger as well as the older members of his pro-
‘@ssion, but with society generally, and in the Athenacum and Garrick
@;ubs, of which he was a well known member, whilst the bright and
i:qheering effect of his presence in the sick room was always beneficial.
Bw men have been more endowed with the faculty of endearing
emselves to their acquaintances, friends, and patients; and few
lgill be more regretted than the warm-hearted, genial Irishman and
ysician who has been taken from us, though not until advanced
Lge had afforded the world full opportunity of appreciating his merits.

m ht

eJames Joseph Sylvester was born in London on September B

“814. He was the youngest son of Abraham Joseph, and had
Igve brothers and two sisters. His eldest brother early in life
[ gstablished himself in America, and assumed the name of Sylvester;
Iz example followed by all his brothers.

2 James went to Neumegen’s well-known Jewish boarding school at
[éighgate from the age of six until he was twelve. Mr. Neumegen, a
[ good mathematician, was strongly impressed by the boy’s mathe-
. matical talent, sedulously fostered it, and sent him at the age of
[ eleven to be tested by Dr. Olinthus Gregory at the Royal Military
mAcademy at Woolwich. Dr. Gregory, after examining in algebra,
I pronounced him to be possessed of great talents, and recommended
[ his mathematical tutor to pay great attention to his instruction. He

VOL. LXIXL ¢



Downloaded from https://royalsocietypublishing.org/ on 05 November 2025

X

subsequently went to Mr. Daniell’s school at Islington for a year and
a half, where he came under Mr. Downes. Thence to London Uni-
versity for five months, and in 1829, being then fifteen years of age,
he was sent to Liverpool. During this time Dr. Gregory kept up
his interest in the boy, for, in March, 1827, he wrote to his father
“ Pray have the goodness to drop me a line so soon as your son
returns home that I may endeavour to fix a day in which I may
have the pleasure of seeing him here, and tracing his progress since
I saw him before.”

At about this period he was for a short time a pupil of De Morgan.
At Liverpool he went to the Royal Institution,# which had itself
been founded in 1814, and its school in 1819. He lived with his
aunts, who had a school in Duke Street almost opposite Colquill
Street at the corner of Cornwallis Street, the house then commonly .
known as “ Morrell’s Folly.” One of his aunts was married to Elias!
Moxley, one of three brothers who represented Barnard’s Bank inf
Lord Street. It appears from the school records that at a meeting
of proprietor’s on the 12th February, 1830, Thomas Langton, Esq.,
president, Sylvester was awarded the prize in the second class as thef
result of the examination after the winter vacation. Other prized
winners were William Robertson Sandbach, George Hancox, andJ
Murray Gladstone. In regard to the mathematical prize secured by j
Sylvester, it is stated “In the Mathematical School one of the!
students, who had previous to entering it attained considerable pro-1
ficiency, was so far advanced before the other scholars that he could
not be included in any class ; the first prize has without competition j
been awarded to him.” At the presentation of prizes, Mr. Langton.j
addressed him in the following words —“In presenting to you,.
James Sylvester, the youngest of the successful students, the first j
prize for mathematical progress, let me caution you not to look upon I
it as an occasion of triumph ; in receiving it you are giving a pledge |
of your future diligence in the improvement of those natural abilities I
with which a kind Providence has blessed you.” The pupils of the-1
school numbered but thirty. The Rev. T. W. Peile, B.A., Fellow I
of Trinity College, Cambridge (afterwards head master of Repton
was head master; William Moore, B.A., of Trinity College, Dublin,.q
second master ; and Mr. Marratt, mathematical master.

Few now remain who were with him at this school. Of these Sir I
William Leece Drinkwater, until quite recently first deemster, Isle of t
Man, perhaps knew him best, and [ am indebted for many particulars I
to a letter which he has been good enough to write me. It does not I

* Mr. John Forshaw, who went to the school shortly after Sylvester left, writes-. |
that the Mechanics’ Institution, originally founded in 1825, has since been trans- I

formed into the Liverpool Institute, which must not be confused with the Liver—I
pool Royal Institution standing about a quarter of a mile away in Colquill Street. ||
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appear that Sylvester was in all cases kindly treated by his school-
fellows. He was kind-hearted and brave, bnt rendered extraordinarily
irritable by the constant references, in a spirit of opposition, to his
Jewish extraction. He fought many battles in defence of his religion
with, it is said, greater courage than skill. On at least one occa-
sion he wished to fight a duel, being aware that with fists he was
g9 match for his opponent. At one time, considering that he was
%ated with oppression by one of the under-masters, and being
erected, with the rest of the class, to write a theme on “ Des-
@tism,” he composed an excellent essay, giving various instances,
Hoth high and low, of the abuse of power, bnt reflecting unmistakably
Pon the case of the under-master and himself. He concluded:—
‘7lhus we see that power begets tyranny, whether in the case of the
mightiest monarch or of the petty usher of a school or institution.”
e severe punishment that followed, it is related, was endured with
gPeat courage.
BJSoon after, Sylvester ran away from the school. He sailed from
Bverpool and shortly found himself in the streets of Dublin with
b:ut a few shillings in his pocket. This led to a singular incident.
zﬁ the boy was walking down Sackville Street he was observed
@ an elderly gentleman who, his curiosity aroused, stopped and
ié’guired into his circumstances. A few moments’ conversation
sﬁfﬁced to reveal the fact that the boy was related to his wife, being,
8 fact, her first cousin ! Thereupon he invited him to his house,
@tertamed him, and finally sent him back to Liverpool. The gentle-
Wan was the Right Hon. R. Keatinge, Judge in the Prerogative
Sourt of Ireland.
< Being fully aware of his great knowledge of mathematics, he was
i@ the habit of proposing questions beyend the capacity of the
mathematical master. Before leaving he gained a prize of five
lmindred dollars offered from the United States for the solution of a
&rtain question. It seems that a problem in combinations of great
@fﬁculty had come under the notice of a certain D. V. Gregory, a
f8iend of Sylvester’s elder brother in Hew York. On the advice
¢ the latter it was sent to the younger brother in Liverpool,
who almost immediately solved it. Its nature may be gathered
om the subjoined extracts from a letter addressed to him
A few years afterwards by D. V. Gregory—* You solved my
problems, which I submitted without their knowledge, to the great
satisfaction of the Contractors of Lotteries in this country, and they
rexpressed, frequently, an exalted opinion of your mathematical attain-
ments in solving so intricate a subject. The inventor of the combi-
ination system himself was never able, as I learn, to package by
any mathematical rule . . . On account of their withdrawing
from business at the end of this year, the managers had prepared all
c?2
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the necessary printing to complete their engagements, which print-
ing was done according to the making up of packages by boys in our
employ without any order or system or mathematical arrangement.
This was a tedious process, and required some months’ labour and
consequent expense, and terminated in making a great number of
miscellaneous packages containing a disproportion of numbers. Had
your mathematical skill been known when they commenced business
in 1823, or even five years after, and had they adopted your arrange-
ment, they would have saved thousands of dollars expended by them
in preparing for the printer.”

Sylvester was less than two years at the Liverpool Institution, i
Afterwards he read for a few months with the Rev. Richard
Wilson, D.D. (late Fellow of St. John’s College, Cambridge), and
then in 1831, at the age of seventeen, was entered at St. John’s
College, Cambridge. He came out first in his first year ; but in
June, 1833, he became seriously ill and had to remain at home till
November. He then l'eturned to the University, but again unfort- :
unately became ill in February, 1834, and was obliged to remain at
home for nearly two years, not rejoining his college till January,
1836. In the following month he had the misfortune to break a;
blood-vessel. On recovering, he pursued his studies till January, 1
1837, when he came out Second Wrangler. Grriffin was Senior of
the year, and the list contained also the name of Green.

Being unwilling to sign the Thirty-nine Articles, he was unable to I
take a degree, to obtain a Fellowship, or to compete for one of the )
Smith’s prizes.

At this time, on the occasion of laying the foundation stone of the i
Mechanics’ Institution, Mount Street, Liverpool, Sylvester presented i
Lord Brougham with his pamphlet criticising Euclid’s definition of
a straight line as length without breadth. He also composed his first I
paper on “ Fresnel’s Optical Theory of Crystals,” which appeared in i
vol. 11 of the °Philosophical Magazine;” and on the death of
Dr. Ritchie in the same year he became a candidate for the Chair ofj
Nataral Philosophy in the London University College. The testi- ;
monials which he received for that occasion are evidence of the high f
estimation in which he was held by tutors, examiners, and the other t
scientific men with whom he had been brought into contact. The ¢
list of his supporters includes the names of J. W. Heaviside (the i
Senior Moderator in 1837), S. Earnshaw (Senior Examiner), George |
Peacock, W. H. Miller, H. Philpot, J. Hymers, W. Hopkins, J. W. 1
Colenso, P. Uelland, J. Bowstead, J. Cumming, Frederick Thackeray,
James Hildyard, E. Bushby, Richard Wilson, J. Challis, and Olinthus
Gregory. Evidently all these were aware that a star of the first |
magnitude was rising in the mathematical firmament. They seem p
particularly to have noticed his analytical power and command of |
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language, combined with originality and enthusiasm : qualities
which were conspicuous throughout all his subsequent scientific
carcer. It may be observed too that his interest was not confined to
the subject of his greatest predilection, for whilst at Cambridge he
attended regularly the chemical lectures of Cumming and the classi-
cal lectures of Bushby. This catholicity of taste, so early exhibited,
is doubtless one reason for the brightness and freshness with which,
tt}goughout life, he could treat the dullest and most abstruse sub-
ts.
j%‘:He was appointed to the Chair at University College in the session
37-38, his friend De Morgan holding the Chair of Pure Mathe-
tics. He had some difficulty in drawing diagrams on the black-
bgard to illustrate his lectures. He was, in fact, never clever with
s hands, his handwriting in particular being very bad. A curious
Astance of his constant desire to be thorough is brought to light by
tle circumstance that for some time after taking up the professor-
ip he took lessons in drawing from the college drawing master;
i%nis said, however, with small results. He published a remarkable
s¢ifies of papers in the ‘Philosophical Magazine,” vols. 13 to 17>
{Fincipally on matters connected with the Theory of Equations’
Elimination, Sturm’s Functions, &c., and laid the foundations of
e work with which his name will ever be associated. He retired
m University College in the session 1840-41, and immediately
terwards accepted the Professorship of Mathematics in the Uni-
“gersity of Virginia. For the due appreciation of matters that will
Ee presently related, it should be stated that Sylvester at this period
It strongly on the subject of slavery, and was, moreover, in the
ﬁabit of expressing himself thereon with great warmth. He was
Jpdeed antagonistic to oppression in all its forms.
&In the United States 1840 was the presidential year. It was the
Tve of the introduction of new political methods. A new party was
$ormed, with the platform “Absolute and unqualified divorce of the
JBeneral government from slavery, and the restoration of equality of
mights among men.” Feeling ran high, particularly in Virginia,
wvhich was, later on, one of the Confederate States. Men of expe-
LS. .
i @ience warned Sylvester that he should, on crossing the water, be
uarded in his expressions, and refrain from hotly stating his
@pinions on the subject of slavery. He, however, determined to go,
de, after sitting for a full length portrait in oils, by Patten, of the
Royal Scottish Academy, ncrw in possession of the family, he
[ embarked at Liverpool in a Cunard sailing vessel.. The portrait
is evidently the work of a good painter, and is stated to be an
j excellent likeness. It represents a young man of six and twenty, in!
cap and gown, with dark, curly hair, and spectacles, seated, book in
hand, at a table.
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In America he appears to have been at war with his surroundings
from the first. He found nothing sympathetic or inspiring, and the
cause of his exit from the country after six months arose from an
unfortunate incident with two students in his own class.

For two or three years after his return from Virginia he appears
to have done little work. Asremarked by Dr. Halsted there were dis-
tinct periods of his life during which he felt much discouraged, and
seemed to have no heart for mathematical research.

In 1844 activity recommenced. He was elected to the post of
Actuary to the Legal and Equitable Life Assurance Company. This
was a responsible post, particularly at that time when, through mis-
management, one of the principal establishments in England had
been brought to the brink of ruin. He made constant valuations and
acted as check officer and scientific adviser to the directors of this
and some other companies for many years, residing for the greater
part of the time at 28, Lincoln’s Inn Fields. He also accomplished
an extraordinary amount of mathematical research. A few titles of the
papers now published during this time will give a general idea of the
subjects which principally occupied his mind:—*“ On the Dialytic
Method of Elimination,” “ Elementary Researches on the Analysis of
Combinatorial Aggregation,” “ On a discovery in the Theory of
Numbers relative to the Equation Axz+Byz+ Czz= Dxyz,” “ On the
Rotation of a Body about a Fixed Point,” “ Sketch of a Memoir on
Elimination, Transformation, and Canonical Forms,” “ On the
Principles of the Calculus of Forms,” “ On the Expressions for
the Quotients which appear in the Applications of Sturm’s
Metnod to the discovery of the real Roots of an Equation.” A
number of these papers refer to the subject now known as the
theory of invariants. It rose from its foundations, which had been
partially laid by Boole in 1844, under the strong hands of Cayley
and Sylvester. The conception of the problem and much of its
orderly development may be ascribed to the former, whilst nearly
the whole of the nomenclature and a great deal that is now recog- :
nised as being of capital importance, both as regards initiation and
brilliant extension, is due to the latter. During the decade.from
1845 he established his position as one of the foremost mathema-
ticians of Europe. He had the friendship and esteem of such men
on the continent of Europe as Lejeune-Dirichlet, Poncelet,
Borchardt, Duhamel, Bertrand, Serret, Hermite, Otto Hesse, Peters, |
Kummer, Richelot, Joachimsthal, Chasles, with many of whom his j
correspondence was frequent and voluminous. The contemporaries |
in his own country—"William Rowan Hamilton, Ivory, De Morgan,
Graves, MacCullagh, John Herschel, Babbage, Donkin, Challis,
Kelland, Salmon, William Thomson, and others—also testified on
occasions that they were aware a great mathematical genius had -
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appeared in the ranks of scientific men, and was rapidly forcing his
way to the front.

> In 1854, on the death of W. M. Christie, Sylvester was a candi-
date for the Professorship of Mathematics at the Royal Military
Academy at Woolwich. Christie had been professor since 1838, pre-
ceded by Gregory, 1821-38; Bonnycastle, 1807-21; Hutton, 1773-
1807; Cowley, 1761-1773; Simpson, 1743-1761.

wnLeading mathematicians at home and abroad testified to his
inence and fitness for the appointment, but, as shown by the
bjoined letter, he was not successful:—

“From Lieut.-Colonel Portlock,
“Royal Military Academy, Woolwich,
“ 1st August, 1854.

ovembe@@

< sir,
& “1 am directed by the Lieutenant-Governor, Major-General Lewis,
g.B., to notify to you that the Lieutenant-General of the Ordnance

s selected the Rev. Matthew O’Brien to succeed Mr. Christie as
Brofessor of Mathematics in this establishment.
0 “ In making this notification, I feel it due to you to state that the
‘Ereat weight of your claim as a candidate was felt and recognised.
“1 have the honour to be,

“ Sir,
“Your obedient servant,
“J.Portlock,
“ Lieut.-Col. Inspector.”

J. J. Sylvester, Esq.”

yalsocietypublis

Owing to the destructive fire of 1873 there is now no record of
—this letter in the archives of the academy* *

One cannot help recalling the rejection by the same establish-
Sment, a century before, of the celebrated Benjamin Robins, Copley
8nedallist of the Royal Society, in favour of a Mr. Muller.

Lg Mr. O’Brien was known as a fair mathematician, and had pre-
—viously held the post of Lecturer on Physical Science. He did not
Stake up the appointment, as a few months after his election his
Sdeath occurred, when Sylvester was elected. In the interval, how-
Zever, he sought, but did not obtain, election to the vacant Pro-
%fessorship of Geometry in Gresham College, and delivered a pro-
[bationary lecture on geometry before the Gresham Committee on
December 4, 1854. The lecture was printed, and in the preface
occur the following characteristic remarks  “ The author will only
so far forestall the arrival of the period ( longum absit /)
above alluded to by protesting against the use of the word
*practical * as employed by an ingenious lecturer who succeeded him
at the desk. To discourse fluently on things of practice is no suffi-

tps;{/ro

t



Downloaded from https://royalsocietypublishing.org/ on 05 November 2025

XVI

cient evidence in itself of a practical mind. The first rule of prac-
tice is to do all things at the right time and in their proper places;
to proportion the means to the ends and the ends to the means-
above all to know what is possible, and to confine one’s endeavours
within the limits of the feasible. The author allows, and has
habitually acted on the principle, that for the purpose of s
lectures on geometry or any other abstract science, the lecturer
should lay his hands on the plough, the loom, the forge, the work-
shop, the mine, the sea, the stars, all things on earth or under heaven
which may help to arouse the attention or interest the imagination of
his auditors. But to profess to make the mere applications of a
science such as geometry the staple of the matter to be taught within
the walls of the college by the Gresham lecturer, to undertake to
comprise within a course of geometrical lectures systematic instruc-
tion in mechanics, astronomy and navigation, descriptive geometry,.]
engineering and drawing, the method of interpolation, the theory of
toothed wheels, the two kinds of perspective, machinery, mapping,,
the art of shipbuilding, rules for cutting the best form of screws,..
and for enabling the citizens of London to qualify themselves for-
being their own land surveyors, is a suggestion which, with all due m
deference to its propounder, the author regards as one of the wildest
and most visionary which ever entered into the mind or issued from
the lips of a practical man.” The address, composed at short notice, ;
is a powerful essay on geometrical science.

He took up the appointment of Professor of Mathematics and Lec-
turer in Natural Philosophy at the Royal Military Academy on the-1
15th September, 1855. In August, 1856, the lectureship was taken
over by the Professor of Practical Astronomy. The salary of the
appointment was £550 per annum combined with a Government
residence, medical attendance, and right of pasturage on the com-
mon. He occupied K Quarters, Woolwich Common, being the last of a
long list of residential professors. The house was commodious and
with a good garden. There hefrequently entertained his friends from
London and distinguished foreign mathematicians. At the same
time he always had chambers in London in the neighbourhood |
of the Athenacum Club. These he had taken originally with <
the intention to practise at the Bar. Scientifically this was a i
glorious period for Sylvester, for, seated under a walnut tree |
which grew in the centre of his garden, he made some of the
great discoveries with which his name will be for ever associated. J
He wrote about eighty papers, and naturally it is only possible here 1
to glance at a few of those which are of fundamental importance. ]
During 185758 be published remarkable advances in the theory of
the Partition of Numbers, and in 1859 delivered seven lectures on' ?
the subject at King’s College, Loudon. The outlines of these <Js- ]
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courses have this year (1897) been published for the first time by
the London Mathematical Society; they have attracted considerable
attention, and have already led to a remarkable paper by Mr. G. B.
Matthews, F.R.S.

In these researches Sylvester, standing upon the shoulders of
Cauchy, showed how to form an algebraical expression, involving
the imaginary roots of unity of different orders for the general co-

ficient in the associated generating function. It was a piece of
glalytical skill that could only have proceeded from a mind endowed
with imagination of the highest order.
© In 1864 appeared in the ‘Philosophical Transactions of the Royal

ciety > a paper which will perhaps be considered his greatest
&Khievement. The title is “ Algebraical Researches: containing a
Bisquisition on Newton’s Rule for the Discovery of Imaginary Roots,
&hd an allied Rule applicable to a particular class of Equations,
tngether with a complete Invariantive Determination of the Character
Qf the Roots of the General Equation of the Fifth Degree, ”

ewton had given in the ‘Arithmetica Universalis’a rule for dis-
ggvering an inferior limit to the number of imaginary roots in an
Suation of any degree, but without proof or indication of method or-
marshalling of evidence. Maclaurin, Campbell, Euler, and Waring
@d also treated the question, but either failed to obtain a solution
ox had fallen into serious error in the attempt. Sylvester’s memoir,
gescribed by him as a Trilogy, falls into three parts; in the first ho
'@tablishes Newton’s rule in regard to algebraical equations as far-
#s the fifth degree inclusive ; in the second he obtains a rule appli-
Sable to equations of the form

2 (ac+ &)" = 0"

@ being any positive integer, and a, 6 real coefficients ; in the third
‘Re determines the absolute invariantive criteria for ascertaining the
€xact number of real and imaginary roots appertaining to an equa-
Lgon of the fifth degree. Here, as in his treatment of the Partitions
-of Numbers, he has frequently resorted to geometrical intuition. In
he present investigation every superlinear function is conceived to
e in association with a pencil of rays constructed in a definite
“@nanner, and much of the argument is given in the language of the
@eometry of pencils. During a conversation with the writer in the
Past weeks of his life, Sylvester remarked as curious that notwith-
standing he had always considered the bent of his mind to be
rather analytical than geometrical, he found in nearly every case
that the solution of an analytical problem turned upon some quite
simple geometrical notion, and that he was never satisfied until he
could present the argument in geometrical language.
During these years he continually wrote upon the theory of inva-
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riants, making important additions to it. The facility with which
he associated subjects the most diverse is evidenced by the titles of
some of his papers. Thus, “ Thoughts on Inverse Orthogonal
Matrices, Simultaneous Sign Successions, and Tessellated Pavements
in two or more Colours, with Applications to Newton’s Rule, Orna-
mental Tile Work, and the Theory of Numbers and “ Astronomical
Prolusions, commencing with an Instantaneous Proof of Lambert’s
-and Euler’s Theorems, and modulating through the Construction of
the Orbit of a Heavenly Body from two Heliocentric Distances
the Subtended Chord, and the Periodic Time, and the Focal Theory
of Cartesian Ovals, into a Discussion of Motion in a Circle and its
Relation to Planetary Motion.”

Particular events occurred during this period, which should be men-
tioned. About the year 1855 the ‘Quarterly Journal of Mathematics ’
was founded, and Sylvester, who took a chief part as Editor, was
euxious to have a suitable motto for the title page. He consulted
many of his friends on the matter, De Morgan amongst others, and
finally, after much correspondence, selected the following

u ,oTovaia
. »
Kai ctavota wpoo citcaatav earl

U Iiizz)?Iyeveuiv, iiriaTnund

This motto appeared upon the title-page during the whole time
that he was editor. The trouble he took in this matter is evidence
-of his interest in things which may appear trivial to others, but
which, being important in his own eyes, he spared no effort to
accomplish successfully. His mathematical correspondence was of
wide range, and with De Morgan, Cayley, Salmon, Hermite,
and Chasles he exchanged letters continuously. Cayley for a long
time resided at 2, Stone Buildings, Lincoln’s Inn, and frequently
met Sylvester ; indeed, they were in the habit of taking long walks,
Cayley walking from London and Sylvester from Woolwich, meet-
ing near Lewisham. It is certain that some of the fruits of these long
consultations are before the world to-day.

It cannot be said that he was a great success at Woolwich as a
teacher, being too far beyond his pupils who, for the most part,
regarded mathematics as an irksome duty. He had the reputation
of being eccentric and irritable. When not actually engaged in
teaching, the mind of Sylvester would occasionally become abstracted
from earthly affairs, and it is stated that on one occasion he suddenly
looked up from a paper in the hall of study and demanded of the
ecorporal on duty, “ What year is it ?” An explosion of laughter in
the room led to a “ scene,” and the subsequent infliction of many
punishments upon the cadets.

The sight of Sylvester leaving his house pursued by his landlady ;
-carrying his collar and necktie is said to have been not an unusual ;
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one. He came into collision on more than one occasion with the
authorities at the Academy and with the War Office. The culmina-
tion of these disputes was in 1870, when a War Office enactment,
abolishing the separate offices of Professor of Mathematics and Pro-
cessor of Mechanics, coupled with a limit of age for the new
appointment, forced him to retire. At first it was the intention to
make him leave without a pension, but, through the strenuous exer-
fans of his friends in and out of Parliament, it was finally deter-
ned to grant him an annuity calculated in some proportion to the
salary he had been receiving. Sylvester was consulted as to the
essment, and characteristically insisted that account should be
ﬁen of the value to him of his government residence, medical
afiendance, and right of pasturage on the common.
ZThe pension was fixed at nearly £300 per annum. He had at least
d8e enthusiastic fellow-worker during the time he was at the
egtablishment, Mr. (now Sir Andrew) Noble, who collaborated
with him in an important degree in the papers on the Theory of
rtitions.
eplhe London Mathematical Society was founded in 1864, with De
Morgan as president, a post in which Sylvester succeeded him. In
J'ine, 1865, he delivered a lecture in King’s College, London, “ On
@@ Elementary Proof and Generalisation of Sir Isaac Newton’s
Iltherto undemonstrated Rule for the Discovery of Imaginary Roots.”
%‘In 1869 he was President of the Mathematical and Physical Sec-
tn of the British Association for the Advancement of Science at
eter, the meeting being under the presidency of Stokes. His
Fdress was largely a defence of mathematics from a statement that
@d recently been made by Huxley in a ‘Fortnightly Review ’ article.
The latter had written, “Mathematics is-that study which knows
@thing of observation, nothing of experiment, nothing of induction,
fothing of causation.” Sylvester put in a powerful and eloquent
| glea for the science as one unceasingly calling forth the faculties of
servation and comparison, and affording a boundless scope for the
exercise of the highest efforts of imagination and invention. Those
gaged in this science know the truth of Sylvester’s words, but it
Must be admitted that men of the highest eminence in other branches
f science frequently are unacquainted with the real nature of the
[ &ife work of a man like Sylvester, and of that inner world of thought
IRvhere the phenomena require as close attention as those which
present themselves in the outer physical world. Sylvester was a
1 philosopher, and was well able to take a survey of all the sciences.
[ While never underrating the importance of any of the recognised
[ divisions, he saw the intrinsic beauty of that which he loved beyond
[ ail others, and no one was more competent to repel assaults upon it,
a and, it may be added, no one could have been more successful in doing
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so. His enthusiasm, combined with his power over the English
language, made him an opponent worthy of any controversialist
living. The remainder of the address was on space conceptions, and
mathematics as the science of continuity. In one sentence he stated -
“1It is very common, not to say universal, with English writers, even
such authorised ones as Whewell, Lewes, or Herbert Spencer, to
refer to Kant’s doctrine as affirming space to be a “ form of thought,
or of the understanding.” This led to an interesting controversy,
in the columns of ‘Nature,” between G. H. Lewes, T. H. Huxley,
C. M. Ingleby, G. Croom Robertson, W. H. Stanley Monck, and, of
course, Sylvester himself. The correspondence, with many critical
notes, will be found in an appendix to Sylvester’s Laws of Verse

(Longmans, Green and Co., 1870).

It is doubtful if Sylvester’s reputation was ever higher than at this
time. The recognition of his great talents, the appreciation of his
transcendent genius, and the knowledge of the inspiring effect of
his personality were universal. Foreign scientific academies had
showered their honours upon him. Eminent men of all countries
knew him personally. A mere recital of his academic distinctions
would take up too much space. It can be found in any official list of
the Fellows of the Royal Society.

On leaving Woolwich Academy in 1870 he lived near the
Athenaeum, and for a few years his mathematical activity was in
abeyance. He had some idea of becoming a candidate for the
London School Board, and addressed several meetings of working-
men and other assemblages of electors in London. On these occa
sions he would occasionally sing to contribute to the merriment o
the evening. Such old English songs as “ Simon the Cellarer ” were-
his favourite pieces. He also frequently recited at penny readings.
In ‘The Gentleman’s Magazine’ for February, J87I, there appears
‘The Ballad of Sir John de Courcy,’ translated from the German by
Syzygeticus. He recited this versified translation at the New Quebec
Club and Institute at a reading on April 11, 1879.

In 1874 he entered the lists again. The occasion was the wonderful
discovery by Peaucellier of the straight line link-motion associated
with his name. Sylvester soon made additions and generalisations,
and finally gave a Friday evening discourse on the subject at the
Royal Institution of Great Britain. He showed amongst other
things of great interest how to construct a link-work of seventy-
eight bars to solve the following problem —* Required to construct
a link-work fixed or centred at two of its points, such that (when
the machine is set in motion) some other point or points therein :
shall be compelled to move in the line of centres.”

He wrote several papers on the subject, one of them bearing the s
characteristic title :.—“ Mode of construction and properties of a new ;



XXI

sort of lady’s fan, and on the expression of the curves generated by
any given system whatever of link-work under the form of an
irreducible determinant.”

He invented the plagiograph aliter skew pantigraph.

A synopsis only of the Royal Institution lecture was published.
The manuscript of the lecture as actually delivered is in the posses-
sion of George Bruce Halstead, of the University of Texas. Extracts
from it appear in the American journal *Science,” of April 16, 1897,

m which it appears that it was characterised by that eloquence,
@rce, and poetical imagination with which students of Sylvester are
f@miliar,

gIn 1875 the Johns Hopkins University, at Baltimore, was founded,
agd the Trustees sought the advice of the president, Daniel C. Gilman,
i the selection of the professorial staff. He replied “ Enlist a great
tRathematician and a distinguished Grecian; your problem will be
salved. Such men can teach in a dwelling-house as well as in a
p%lace. Part of the apparatus they will bring; part we will furnish.
@fher teachers will follow them.” Joseph Henry also advised that
lgheral salaries should be paid and the best men in the world secured.
He brought Sylvester’s name prominently forward, and finally the
:I%tter was offered the post of Professor of Mathematics. He de-
manded a higher salary than that offered, and this being granted
la: finally stipulated that his travelling expenses and annual stipend
%‘ 5000 dollars should be paid in gold, and then for the second time
‘Bft England to take up a professorship in the United States.
§ He found the conditions ideal. @ While not being overburdened
Sith routine work, he was surrounded by able assistants and
flented pupils only too eager to aid him in his profound original
\-\(gjvork or to catch inspiration from his lips. The mathematical
Saff was indeed very strong, including men of such capacity as
Ahomas Craig, W. E. Story, and Fabian Franklin. Sylvester’s
First high class consisted of but one student, G. B. Halsted. This
L%entleman, since well known in science, had the most beneficial
w©ffect upon his master, for it was owing to his enthusiasm and per-
istence that Sylvester’s attention was again called to the Modern
Qligher Algebra and the Theory of Invariants, and a fruitful crop of
%ew discoveries was almost the immediate result. Others, including
ranklin, Durfee, Ely, and Hammond in England joined in the inves-
igations ; a school of mathematics was founded; and the American
renaissance in mathematics was an accomplished fact.
Shortly after joining at Baltimore, the University founded the

‘ American Journal of Mathematics,” with Sylvester as editor; and its

pages are evidence of the activity of the new school. In five years

Sylvester himself contributed thirty papers; some of great length.

They are concerned chiefly with Modern Algebra, various points in
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the Theory of Numbers, the Theory of Partitions, and Universal
Algebra. A splendid record for five years.

His address before the University, on Commemoration Day,
February 22, 1877, was most eloquent, and had an extraordinary
effect upon his hearers, amongst whom! was James Russell
Lowell. After some remarks concerning the work of the University
and his own share therein, he discoursed upon the difficulty created
by the contending claims of teacher and investigator. He said that
the solution lay in the never-to-be-forgotten words, which had
recently been addressed to him, “ The University desires from you
your best and highest work.” He went on to observe on the re*
ligious and other disabilities under which students in English
universities had suffered, and brought into contrast the freedom in
American and German universities. He spoke with as much
warmth as power for, as he said, the subject came home to him.
For some time he held his audience spell-bound. His speech was never
finer than when under the influence of passion, and he abandoned I
himself to a torrent of words. Those competent to form an opinion
believe that there was within him the material of a great orator.

The following remarks by some of his pupils in Baltimore are of in-
terest as showing his character and method of lecturing.

Dr. E. W. Davis states :—

“ Sylvester’s methods! he had none. ‘Three lectures will bn
delivered on a New Universal Algebra,” he would say; then ‘the
course must be extended to twelve.” It did last all the rest of that
year. The following year the course was to be ‘ Substitution Theory, f
by Netto.” We all got the text. He lectured about three times, 1
following the text closely, but stopping sharp at the end of the-
hour. Then he began to think about Matrices again. ‘I must give
one lecture a week on these,” he said. He could not confine himself
to the hour nor to the one lecture a week. Two weeks passed and |
Netto was forgotten entirely and never mentioned again.”

Mr. A. S. Hathaway says:—

“I can see him now, with his white beard and few locks of grey
hair, his forehead wrinkled o’er with thoughts, writing rapidly his 1
figures and formulae on the board, sometimes explaining as he wrote «
while we, his listeners, caught the reflected sounds from the board- 1
But stop, something is not right; he pauses, his hand goes to his |
forehead to help his thought; he goes over the work again, em- |
phasizes the leading points, and finally discovers his difficulty- a
Perhaps it is some error in his figures, perhaps an oversight in the j
reasoning. Sometimes, however, the difficulty is not elucidated, and
then there is not much to the rest of the lecture. But at the next f
lecture we would hear of some new discovery that was the outcome |
of that difficulty, and of some article for the journal that he had j

_— e — —
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begun. If a text-book had been taken up at the beginning, with the-
intention of following it, that text-book was most likely doomed to-
oblivion for the rest of the term, or until the class had been made-
listeners to every new thought and principle that had sprung from
the laboratory of his mind, in consequence of that first difficulty.
Other difficulties would soon appear, so that no text-book could last
more than half the term. In this way the class listened to almost all
of the work that subsequently appeared in the journal. It seemed to
@ the quality of his mind that he must adhere to one subject. He-
@ould think about it, talk about it to his class, and finally write
gout it for the journal. The merest accident might start him, but,
dace started, every moment, every thought was given to it, and, as
Buch as possible, he read what others had done in the same direc-
%n ; but this last seemed to be his weak point; he could not read
without meeting difficulties in the way of understanding the author.
ihus, often his own work reproduced what others had done, and he-
@d not find it out until too late.”
eoDr. W. P. Durfee, Professor of Mathematics at Hobart College,.
Geneva, N.Y., has written
& “ His manner of lecturing was highly rhetorical and elocutionary.
W hen about to enunciate an important or remarkable statement he
ﬁould draw himself up till he stood on the very tips of his toes,,
é}d in deep tones thunder out his sentences. He preached at ns
&t such times, and not infrequently he wound up by quoting a few
-ij)nes of poetry to impress upon us the importance of what he had
Been declaring.”
'S On the death of H. J. S. Smith, Sylvester was elected to the
Savilian Professorship of Geometry at Oxford, and in December,
<1883, he finally left Baltimore to enter upon residence in Hew
&ollege, Oxford. At the time his mincf was occupied with the
ztheory of a new species of invariants; these are differential and of
gnore immediate application to geometry than those of pure algebra.
Bophus Lie had treated the whole subject of differential invariants
rom a general point of view, and had given the various categories,,
Dut had made no attempt to develop the special case treated by
SSylvester. His notice appears to have been first attracted to the
"Subject by the well-known invariantive property of the differential
xpression known as the Schwarzian Derivative, which in this country
(had been studied by Cayley and Forsyth. The invariantive forms, he
quickly reached, he termed reciprocants, the name arising from the
fact that, from his original point of view, the expressions arrived at
were unchanged, to a factor pres, by the simple interchange of the
dependent and independent variables. Later he considered the
general linear and homographic transformations applied to similar
forms, and propounded an extensive theory of great geometrical

ing
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importance. The lectures on the theory were delivered before the
University of Oxford during the Hilary, Easter, and Michaelmas
terms of 1886, and subsequently published in the ‘American Journal
-of Mathematics.” The powerful weapon chiefly employed in the
research is due to the author himself, and is termed by him *the
method of infinitesimal variation.” In many details, and in the
orderly exposition, he was greatly assisted by James Hammond, M.A.,
and his fellow-workers in Oxford—E. B. Elliott, C. Laudesdorf, and
L. J. Rogers—and others outside the University also made notable
contributions. In particular, L. J. Rogers made a capital discovery
in the Theory of Principiants (the name given to those reciprocants
which are invariantive in respect of the homographic substitutions),
which gave Sylvester material for most of the lectures in the latter
half of the series.

This theory was Sylvester’slast great work. A masterly contraction
*of Tchebicheff’s limits with regard to the number of primes occurring
between given numbers, and a tract upon Buffon’s problem of the
needle, aire the only other papers that need mention.

Failing health, frequently involving acute suffering, came upon
him when he was close upon eighty years of age. His high sense of
the duties appertaining to his position would not allow him longer to
attempt actively to lead the mathematical studies of the University,
and in 1893 a deputy professor (Mr. W. Esson, F.R.S.) was
appointed.

The remaining three years witnessed the gradual breaking up of
*an iron constitution. He lived for the most part with friends, or in
apartments in or near Mayfair, with occasional visits to Tunbridge
Wells, where he stayed at the Spa Hotel. For some years he was
quite unable to think of mathematical subjects. He found that he
could no longer understand notes that he had made in former years,
and this made him sad and dejected. About August, 1896, a revival
of energy and mental power took place, and till his death, March 15,
1897, he worked continuously at the Theory of Compound Partition, and
made an heroic attempt to prove or disprove the celebrated Goldbach-
Euler conjecture concerning the partition of every even number
into two primes. A fortnight before his death, while working in his
sitting-room at Hertford Street, Mayfair, he dropped his pen, and on
stooping to pick it up had a paralytic seizure. He never spoke
again, and continuously sank until the end came.

He was a Royal Medallist of 1861, and the Copley Medallist of
1880.

While it is certain that he was one of the greatest mathematicians
mf all time, it may be doubted whether he will take a place amongst
the small band who occupy absolutely the front line. His character
and temperament militated against continuity of thought. He would
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be oppressed with a flood of ideas, which made it difficult for him to
suitably organise his researches. A theory, half composed, would
be forsaken that he might grapple with fresh imaginations. It is
certain that but a small fraction of his best work has been published
for the benefit of posterity. His genius and his greatness are not
properly represented by the memoirs which he has left. He had, to
me extent, the poetic faculty, and occasionally occupied himself
ith the composition of sonnets, both in English and Latin.
+~ He had literary power, and considerable knowledge of languages,
ing and dead. He wrote French with ease, and conversed readily
French, German, and Italian. He was acquainted with both
Batin and Greek, and when past seventy-five years of age read
ZAthenseus * without a dictionary.
& The writer, who had numerous opportunities of studying the cha-
mcter of this illustrious man in the last years of his life, when he
was heroically battling against acute suffering, consequent upon the
firmities of extreme old age, formed the conviction, that will never
bg shaken, that his personal character was one of singular beauty,
.&nd that its salient points were simplicity and honesty. Absolutely
-and fearlessly honest from cradle to grave. Future generations will

—

_glark with admiration the deep footprints he has left upon the sands

of time, but they will not be able to realise the effect which contact
¥ith his great spirit had upon his contemporaries, who knew and
'@Ved him. The superficial crust of eccentricities and slight faults
sof temperament once pierced, and the kernel of his nature reached,
$here was found a roundness and perfection of disposition that is not
goﬁen met with.

i It cannot, perhaps, be said that his religious convictions were of a
j%‘ind which could be completely defined, ®%ut it is certain that he
“Believed in a Supreme Being, and in a future life, a life full of
gnhanced intellectual power, and opportunities of intellectual growth.
'he atheist will find nothing to give him satisfaction in the story of
his life, throughout which the faith was strong, and the conviction
JFhat high principle should be paramount always present.

S His last sufferings, extending" over fifteen days, were borne with
%ortitude.

Q So passed away one of the great spirits of the century.

A

y

“ And he is gathered to the Kings of Thought.”
P. A. M.

Alfred Louis Olivier Le Grand Des Cloizeaux, who died on

[ May 6, 1897, in the eightieth year of his age, was born at Beauvais,

Departement de VOise, on October 17, 1817, and belonged to an old

: magisterial family. He was educated at Paris, and the teacher to
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