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And £0 thow wast made perfect ! Not o friend
Might step between thee and the sore distress
Wlich thow with strong and patient godliness

Enduredst uncomplaining to the end.

Aervote saint ! Bright swufferer ! Thow dost lend
To seicnce o new glovy.  Midst the press
OF boasters, all thy meek-eyed fume confess,

And worldlings thine unworldliness commend.

Shine on, pure spirit - Though we sce thee not,
Even in thy passage thow hast purged away

The fogs of ewrth-born doubt ond sense-bound thought
From hearts that followed thine all-piercing ray.

And while thou soorest far from human view,

Even thy faint tmage sholl our strength renew.






PREFACE.

IN o work which has more than one author, it is right
to distinguish as far as possible what has been con-
tributed by each.

The first part of this book, then, has been mainly
composed by the present writer (who has acted as
editor), and the second by Mr. Garnett; but it is
due to Mr. Garnett to add that, while he had the
chief share of the labour of collecting materials for
the whole biography, and the entire burden of the
account here given of Maxwell’s contributions to
science, the substance of Chapters XI. XIL XIIL
is also largely drawn from information obtained
through him. The matter of whole pages remains
almost in his very words, although for the sake of
uniformity and simplicity the first person has still
been used in speaking of my own reminiscences.

The narrative of Maxwell's early life has been
facilitated—(1) by a diary kept by Maxwell’s father
from 1841 to 1847, and often referred to in these
pages as “‘ the Diary;” (2) by two albums containing
a series of water-colour drawings by Maxwell’s first
cousin, Mrs. Hugh Blackburn (née Isabella Wedder-
burn), the value of which may be inferred from the
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outlined reproductions of a few of them prepared by
Mzrs. Blackburn herself as illustrations for this book.
They are literally bits out of the past, each contam-
ing an exact representation, by a most accurate
observer and clever draughtswoman, of some incident
which had just happened when the sketch was made.
The figures, even as outlined, bring back the persons
with singular vividness to the memory of those who
knew them.

For these and many other advantages the thanks
of the authors are due to Maxwell's relatives, but
above all to his widow, not only for the free access
she has given them to various documents, such as
those mentioned above, but for the generous confid-
ence she las reposed in them throughout, and for
many important suggestious made by her during the
progress of the work.

Their thanks are also due in an especial manner
to Professor G. G. Stokes of Cambridge for his kind-
ness in reading most of Part 1L in MS., and for many
valuable suggestions both with regard to the subject
matter and the mode of treating it, which were re-
ceived from him; and to Professor P, G. Tait of the
University of Edinburgh for his zealous and able
assistance in many ways.

The book owes much, of course, to those who
entrusted the letters here published to the authors’
care. Their names are duly mentioned in the course
of the work. Our task has also been lightened by
the help of those friends whose contributions are
inserted with their names. In describing the life of
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one who was so many-sided, it is no small advantage
to be thus enabled to register the impression which
he made oun different men. ~ Even should this occasion
slight repetitions and discrepancies, the reader may
thus form a fuller and, on the whole, a truer image
than could be conveyed by a single narrator. Atten-
tion is here particularly directed to the statements in
Chapter XIII. by Dr. Paget, the Rev. Dr. Guillemard
(of Little St. Mary’s, Cambridge), and Professor Hort.

Asx a general rule, no attempt has been made to
weave the correspondenmee into the narrative. The
facts relating to each period have been grouped to-
gether, and the letters have heen appended to these
in chronological order.

A word should be said respecting Part III. What-
ever may be the judgment of critics as to the literary
merits of Maxwell’s occasional writings in verse, there
can be no doubt of their value for the purpose of the
present work. Like everything which he did, they
are characteristic of him, and some of them have
a curious biographical interest. Maxwell was singu-
larly reserved in common life, but would sometimes
in solitude express his deepest feelings in a copy of
verses which he would afterwards silently communi-
cate to a friend. Again, he shrank from controversy.
But his active mind was constantly playing on con-
temporary fallacies, or what appeared so to him, and
his turn for parody and burlesque enabled him to give
humorous expression to his criticism of mistaken
methods. Of the later pieces here reproduced, several
appeared in Nature with the signature % (which
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happens to be the analytical equivalent of the thermo-
dynamical formula JCM); and one (the ° Notes
on the President’s Address”) was published in Black-
wood’'s Magazine for December 1874. The greater
number are now printed for the first time.

The juvenile verses and translations have been
included for the same reason which has led to the
prominence given to the early life in Part I If we
are right in our estimate of Maxwell, it must be inter-
esting to watch the unfolding of snch a mind and
character from the first, and this not only for the
psychological student, but for all those who share
Wordsworth’s fondness for “days” that are “linked
each to each with natural piety.”

While the last sheets were being revised for the
press the sad news arrived that Maxwell’s first cousin,
Mr. Colin Mackenzie, had died on board the Bosnia,
on his way home from America. There was no one
whose kind encouragement had more stimulated the
preparation of this volume, or whose pleasure in it
would have been a more welcome reward. But he,
too, is gone before his time, and this book will be
sent into the world with fewer good wishes. He
deserves to be remembered with affection wherever
the name of James Clerk Maxwell is honoured or
beloved.

LEWIS CAMPBELL.

August 1882.
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PART 1.

CHAPTER L
INTRODUCTORY--BIRTII AND PARENTAGE.

ONE who has enriched the inheritance left by Newton
and has consolidated the work of Faraday,—one who
impelled the mind of Cambridge to a fresh course of
real investigation,—has clearly carned his place in
human memory,

But there was more in James Clerk Maxwell than
is implied in any praise that can be awarded to the
discoverer, or in the honour justly due to the educa-
tional reformer,—much, indeed, which his friends feel
they can but partly estimate, and still less adequately
describe.

We have, notwithstanding, undertaken this im-
perfect Memoir of him, in which the purpose of this
First Part will be to trace the growth from childhood
to maturity, and to record the untimely death, of a
man of profound original genius, who was also one of
the best men who have lived, and, to those who knew
him, one of the most delightful and interesting of
human beings.

If T can bring before the reader’s mind, even in

shadowy outline, the wise and gentle but curiously
B
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blended influences which formed the cradle of his
young imagination, the chanucls through which ideas
reached bim from the past, the objects which most
challenged his observation and proveked his inven-
tion, his first acquaintance with what permanently
interested him in contemporary speculation and
discovery, and the chief moments of his own in-
tellectual progress in emlier years,—such record
should have a right to live. And it may be that
a congenial spirit herc and there may look with
me into the depths of “this unique personality,
and feel the value of 'the- impulses, often seem-
ingly wayward, and strange even to himself, with
which the young cagle “imped his wings” for flight,
or taught his eyes to bear the unclouded light. And
wany to whom modern Scicnec is a sealed book may
find an interest in observing the combination of
extraordinary gifts with a no less remarkable simpli-
city and strength of character.

James Clerk Maxwell was born at No. 14 India
Street, Tdinburgh, on the 13th of June 1831. His
parents were John Clerk Maxwell, vne of the Clerks
of Penicuik, in Midlothian, and Frances, daughter of
R. H. Cay, Esq. of N. Charlton, Northumberland.
Excepting « daughter, Elizabeth, who had died in
infancy, James was their only child.

Edinburgh was at this time the natural meeting-
place for the best spirits of the North. How much of
intellect and individuvality, of genuine though often
eccentric worth, of high thinking and plain living,
then forgathered in Auld Reekie, and found ample
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scope and leisure there, is known to the lovers of Sir
W. Scott and to the readers of Lord Cockburn—both
prominent figures in the Edinburgh of 1824 -1831.

And the agora of *“Modern Athens” was the
Parliament House. There the heir-presumptive could
while away his time of waiting for “dead men's
shoon”; there the laird’s brother might qualify for
some berth hereafter to be provided for him; and
the son of those whose ancestral estates had been
impairel by rashness or misfortune, and who had
perchance sought the asylum of the Abbey, might
hope through honourable mdustry to restore the
fallen house, or even to win new lustre for an ancient
name.

Whon John Clerk Maxwell, after leaving the
University, first sought those purlieus of the law,
he was already a laird, although a younger brother.
For he had inherited the estate of Middlebie, which,
by the conditions of the entail under which it had
descended from the Maxwells,' could not be held to-
gether with Penicuik, and was therefore necessarily
relinquished by Sir George Clerk in favour of his
brother John. This arrangement had been completed
when the two brothers were boys together at the High
School, and were living in George Square with their
mother and their sister Isabella. Their father, James
Clerk,? who died before his elder brother, Sir John,
was a naval captain in the H.E.LC.S., but retired

1 See below, pp. 16-23.
2 He is said to have played well on the bagpipes, and a set of pipes
was until recently preserved at Glenlair, of which the following singular
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early, and married Miss Janet Irving, who thus be-
came the mother of Sir George Clerk and of John
Clerk Maxwell. When Sir George had come of age,
and taken up his abode at Penicuik, John Clerk Max-
well continued living with his mother, Mrs. Clerk, in
Edinburgh. About 1820, in order to be near Isabella,
Mrs. Wedderburn, they “flitted” to a house in the
New Town, No. 14 India Street, which was built by
special contract for them. Murs. Clerk died there in
the spring of 1824.

The old estate of Middlebie had been considerably
reduced, and there was nothing in what remained of
it to tempt its posscssor, while a single man, to leave
Edinburgh, or to break off from his profession at the
Bar. There was not even a dwelling-house for the
laird. Mr. Clerk Maxwell therefore lived in Edin-
burgh until the age of thirty-six, pacing the floor of
the Parliament House, doing such moderate business
as fell in his way, and dabbling between-whiles in
scientific experiment. In vacation time he made
various excursions in the Highlands of Scotland and
in the north of England, and kept a minute record of
his observations.

But when, after his mother’s death, he had married
a lady of tastes congenial to his own and of a sanguine
active temperament, his strong natural bent towards
a country life became irresistible. The pair soon con-

story was told :—Captain James Clerk was wrecked in the Hooghly
and swam ashore, using the bug of his pipes for a float ; and when he
gained the shore he “ played an unco’ fit,” whereby he not only cheered
the survivars, but frightened the tigers away.
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ceived a wish to reside upon their estate, and began
to form plans for doing so; and they may be said
to have lived thenceforth as if it and they were made
for one another. They set themselves resolutely to
the work of making that inheritance of stony and
mossy ground to become one of the habitable places
of the earth. John Clerk Maxwell had hitherto

appeared somewhat indolent; and there was a good
deal of wnertia in his composition. But the latent
forces of his character were now to be developed

He was one of a race ' in whom strong individuality
had occasionally verged on eccentricity. For two
centuries the Clerks had been associated with all that

was most distinguished in the Northern kingdom,
from Drummond of Hawthornden to Sir Walter
Scott. Each generation had been remarkable for the
talents and accomplishments of some of its members ;
and it was natural that a family with such ante-

! The note appended to this chapter contains a sketch of the family
history of the Clerks and Maxwells, which those who believe in
heredity, as Maxwell did, will do well to read.
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cedents should have acquired something of clannish-
ness. But any narrowing effect of such a tendency
was counteracted by a strong intellectual curiosity,
which kept them en rapport with the world, while
they remained independent of the world. And as
each scion of the stock entered into new relations,
the keen mutual interest, instead of merely narrow-
ing, became an element of width. I speak now of
the generation preceding our own. No house was
ever more affluent in that Coterie-Sprache, for which
the Scottish dialect of that day afforded such full
materials. It would be pleasant, if possible, to recall
that humorous gentle speech, as it rolled the cherished
vocables like a sweet morsel on the tongue, or minced
them with a lip from which nothing could secm coarse
or broad,—caressing them as some Lady Bountiful may
caress a peasant’s child,—or as it coined sesquipedalio
verba, which passed current through the stamp of
kindred fancy. This quaint freemasonry was un-
consciously a token not only of family community,
but also of that feudal fellowship with dependents
which was still possible, and which made the language
and the manners of the most refined to be often racy
of the soil. But Time will not stand still, and neither
the delicate ‘couthy” tones, nor that which they
signified, can be fully realised to-day. But we can
still in part appreciate the playful irony which
prompted these humorous vagaries of old leisure,
wherein true feeling found a modest veil, and a naive
philosophy lightened many troubles of life by making
light of them.
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Mr. John Clerk Maxwell's own idiosyncrasy, as
has been said, was well suited for a country life. But
to give a true idea of him it is necessary to be more
precise. His main characteristic, beyond a warm,
affectionate heart, the soundest of sound sense, and
absolute sincerity, was a persistent practical interest
in all useful processes.’ When spending his holidays
at Penicuik as a boy from the Edinburgh High School
(as well aslong afterwards), he took delight in watching
the machinsry of Mr. Cowan’s paper-mill, then recently
established in that neighbourhood. And Mr. R. D.
Cay remembers him, when still a young man living in
India Street with his mother (about 1821-24), to have
been engaged, together with John Cay, who was after-

! He never lost an opportunity of inspecting manufactures, or of
visiting great buildings, ecclesiastical or otherwise, and he impressed
the same habit upon his son.  The “ works” they ¢ viewed” together
were simply it numerable, but it will be sufficient to cite one crowning
instance. When James Clerk Maxwell was in the midst of his last
year'’s preparation for the Cambridge Tripos, he proposed to spend the
few days of Eester vacation which the pressure of his work allowed to
him, in a visit to a friend at Birmingham. His father had seen Bir-
mingham in h s youth, and gave him the following instructions, which
were mostly carried out :— View, if yon can, armourers, gunmaking
and gunproving —-swordmaking and proving — Papier-mdchés and
japanuing —silver-plating by cementation and rolling—ditto, electro-
type—Elkington's works—Brazier’s works, by founding and by strik-
ing out in dies—turning—spinning teapot bodies in white metal, ete.
—making buttons of sorts, steel pens, needles, pins, and any sorts of
small articles which are curiously done by.subdivision of labour and
by ingenious tools-—glass of sorts is among the works of the place, and
all kinds of foundry works—engine-making—tools and instruments
——optical and [philosophical], both coarse and fine. If you have
had enough of the town lots of Birmingham, you could vary the
recreation by viewing Kenilworth, Warwick, Leamington, Stratford-on-
Avon, or such like.” James began with the glassworks.
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wards his brother-in-law, in a series of attempts to
make a bellows that should have a continuous even
blast. We can readily imagine, therefore, how closely
he must have followed every step in the gradual
application of stcam to industry, and the various
mechanical improvements which took place in his
youth and early manhood.!

His practical thoroughness was combined with a
striking absence of conventionality and contempt for
ornament. In matters however seemingly trivial—
nothing that had to be done was trivial to him—he
considered not what was usual, but what was best for
his purpose. In the humorous language which he loved
to use, he declared in favour of doing things with
judiciosity. One who knew him well describes him
as always balancing one thing with another—exereis-
ing his reason about every matter, great or small.
He was fond of remarking, for example, on the folly
of coachmen in urging a horse to speed as soon as
they saw the top of a hill, when, by waiting half a
minute until the summit was really attained, they
might save the animal. “A sad waste of work,” he
would say. Long before the days of ‘anatomical”
bootmaking, he insisted on having ample room for his
feet. His square-toed shoes were made by a country
shoemaker under his direction on a last of his own
and out of a piece of leather chosen by himself. This

1 In 1831 he contributed to the Edinburgh Medical and Philo-
sophical Journal (vol. x) a paper entitled, “OQutlines of a Plan for
combining Machinery with the Manual Printing Press.” His acme of
festivity was to go with his friend John Cay (the ¢ partner in his revels”),
to a meeting of the Edinburgh Royal Society.
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is only one example of the manner in which he did
everything. It was thought out from the beginning
to the end, and so contrived as to be most economical
and serviceable in the long run. In his Diary (1841)
.we find him cutting out his own and his son’s shirts,
while planning the outbuildings which still exist at
Glenlair. And he not only planned these, but made
the working plans for the masons (1842) with his
own hand.' This habitual careful adaptation of
means to ends was the characteristic which (together
with profound simplicity) he most obviously trans-
mitted to his son. ~ Its effect, heightened by perfect
science, is still apparent in the construction and
arrangement of the Cavendish Laboratory at Cam-
bridge. i

While thus unostentatious and plain in all his
ways, he was essentially liberal and generous. No
one could look in his broad face beaming with kindli-
ness and believe otherwise. But his benevolence was
best known nearest home. And in caring for others,
as in providing for his own house, his actions were
ruled, not by impulse, but persistent thoughtfulness.
By his ever-wakeful consideration, he breathed an
atmosphere of warm comfort and quict contentment
on all (inclading the dumb animals) within his sphere.
Whoever had any claim upon his affectionate heart,
whether as an old dependant, or as a relation or

t The following entry from the Diary (1842) will be appreciated
by those who :re interested in the country life of a past generation :—
“Wrote to Nanny about check of the yarn of the dead Hogs, to make
trowser stuff or a plaid.”
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friend, might command from him any amount of
patient thought, and of pains given without stint
and without complaint. His “judiciosity” was used
as frecly for them as for himself' And where need
was he could be an effectual peacemalker.

He was assiduous also in county business (road
meetings, prison boards, and the like), and in his own
quiet way took his share in political movements, on
the Conservative side.

There was a deep unobtrusive tenderness in him,
which in later years gave a touching, almost femi-
nine, grace to his ample countenance, and his portly,
even somewhat unwieldy, frame.”? He was a keen
sportsman (unlike his son in thig), and an excellent shot;
but it was obscrved that he was above all careful never
to run the risk of wounding without killing bis game.

His temper was all but perfect ; yet, as “ the best
laid schemes o mice and men gang aft agley,” the
minute care with which he formed his plans some-
times exposed him to occasions which showed that
his usual calm self-possession was not invulnerable.
At such times he would appear not angry, only some-
what discomposed or vexed,” and, after donning his
considering-cap for a little while, would soon resume

his benign equanimity.

! Mr, Colin Mackenzie says :—*“He was the confidential friend
of his widowed sister Mrs. Wedderburn’s children, who were in the
habit of referring to him in all their difficulties in perfect confidence
that he would help them, and regarded him more as an elder brother
than anything else” This is abundantly confirmed by various entries
in the Diary.

2 Entry in Diary, Nov. 9, 1844.——Weighed 15 st. 7 Ibs.
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Aun interesting trait is revealed to us by the Diary.
Minute as the entries are for day after day, things
which, if mentioned, might reflect unfavourably upon
others, are invariably omitted. They have come
down through other channels, but in this serupulous
vecord they have left no trace.

His otherwise happy life was crossed with one
deep, silent sorrow,—but was crowned with one long
comfort in the life of his son. They were bound to-
gether by no ordinary ties, and were extremely like
in disposition, in simplicity, unworldliness, benevo-
lence, and kindness to every living thing. Those who
knew Maxwell hest will be least apt to think irrelevant
this somewhat lengthy deseription of his father.

The portrait of Mr. John Clerk Maxwell by
Watson Gordon is a faithful representation of a face
which returns more vividly than most others to the
eye of 1aemory, but no portrait can restore  the busy
wrinkles round his eyes,” or give back to them their
mild radiance—

“ Gray eyes lit up
With summer lightnings of a soul
So full of summer warmth, so glad,

So healthy, sound and clear and whole,
His memory scarce can make me sad.”

He lived amidst solid realities, but his vision was
neither shallow nor contracted. And his sense of
things beyond, if inarticulate, was, in later life at least,
not the less serious and profound. Yet those who
shall compare this likeness with the study of James

Clerk Maxwell’s head by Mrs. Blackburn, may at
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once detect something of the difference between the
father and the son. In the one there is a grave and
placid acquiescence in the nearer environment, the
very opposite of enthusiasm or mysticism; in the
other, the artist has succeeded in catching the un-
earthly look which often returned to the deep-set
eyes under the vaulted brow, when they had just
before been sparkling with fun,—the look as of one
who has heard the concert of the morning stars and
the shouting of the Sons of God.

James himself has said to me that to have had a
wise and good parentis a great stay in life, and that
no man knows how much in him is due to his pro-
genitors. And yet the speculative ideal element
which was so strong in him-—the struggle towards
the infinite through the finite-—was not prominent in
either of his parents. Mrs. Clerk Maxwell was, no
doubt, a good and pious (not bigoted) Episcopalian ;
but, from all that appears, her chief bent, like that of
her husband, must have been practical and matter-of-
fact. Her practicality, however, was different from his.
She was of a strong and resolute nature,—as prompt
as he was cautious and considerate,—more peremptory,
but less easily perturbed. Of gentle birth and breed-
ing, she had no fine-ladyisms, but with blunt deter-
mination entered heart and soul into that rustic life.
It is told of her that when some men had been badly
hurt in blasting at a quarry on the estate, she person-
ally attended to their wounds before a surgeon could
‘be brought, and generally that wherever help was
needed she was full of courage and resource. She
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was very intelligent and ingenious, played well on the
organ, and composed some music, but in other respects
was less “accomplished ” than most of her family,
except in domestic works, and above all in knitting,
which in those days was an elegant and most elabo-
rate pursuit.

Her father, R. Hodshon Cay, Esq., of N. Charlton,
is thus spoken of in Lockhart’s Life of Scott (p. 86 of
the abridged edition, 1871):—I find him” (Scott)
“further nominated in March 1796, together with Mr.
Robert Cay,—an accomplished gentleman, afterwards
Judge of the Admiralty Court in Scotland,—to put
the Faculty’s cabinet of medals in proper arrangement.”
Mr. Cay at one time held the post of Judge-Admiral
and Commissary-General, and while thus dignified in
his profession used to reside for part of the year on
his heredisary estate of Charlton, which had been freed
from certain burdens? upon his coming of age.

He married Elizabeth Liddell, daughter of John
Liddell, Esq., of Tynemoutb,‘ about the year 1789.
The eldest son, John, has been already mentioned
as an early companion of John Clerk Maxwell’s,
and both his name and those of Jane and R. D.
Cay will reappear in the sequel. Between Frances
(Mrs. Clerk Maxwell) and her sister Jane, who was
never married, there existed a very close affection.
There is a picture of them both as young girls (a
three-quarter length in water-colours) done by their
mother, who was an accomplished artist. Her gift in

U Igcurred by his father in successfully resisting some manorial
claims, 'These debts had brought the family to Edinburgh.
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this way, which was very remarkable, and highly
cultivated for an amateur, was continued in Jane and
Robert, and has been transmitted to the succeeding
generation. Miss Jane Cay was one of the warmest
hearted creatures in the world ; somewhat wayward
in her likes and dislikes, perhaps somewhat warm-
tempered also, but boundless in affectionate kindness
to those whom she loved. Mr. R. D. Cay, W.S,,
married a sister of Dyce the artist, and, after acting
for some time as one of the Judges clerks, proceeded
in 1844 to Hong-Kong, where he had an appointment.
His wife joined him there in 1845, and died in 1852.
In two of their sons, besides the artistic tastes which
they inherited through both parents, there was de-
veloped remarkable mathematical ability. It should
be also noticed that Mr, John Cay, the Sheriff of
Linlithgow, though not specially educated in mathe-
matics, was extremely skilful in arithmetic and fond
of calculation as a voluntary pursuit. He was a great
favourite in society, and full of general information.
We have already seen him assisting at experiments
which might have led to the invention of ¢ blowing
fans,” but seem to have produced no such profitable
result. And we shall find that his interest in practical
Science was continued late in after life.!

In speaking of the Cay family it has been necessary
to anticipate a little, in order to advert to some par-
ticulars which, although later in time, seemed proper

! 1t should be remembered that in the early years of the century
considerable interest in experimental science had been awakened in
Edinburgh through the teaching of Professors Playfair and Hope.
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to an introduction. Having departed so far from the
order of events, I may before concluding this chapter
make explicit mention of the loss which coloured the
greater part of James Clerk Maxwell's existence, by
leaving him motherless in his minth year. Mrs.
Clerk Maxwell died on the 6th of December 1839.
There was extant until after Professor Maxwell’s
death a memorandum or diary kept at the time by
her hushand, describing the heroic fortitude which she
had shown under the pain of her disease, and of the
operation by which they had attempted to save her.
Ansthetics were then unknown.  She had nearly
completed her forty-eighth year, having been born on
the 25th of March 1792, and married at the age of 34
(October 4, 1826). Mr. Maxwell was aged fifty-two
at the time of his wife’s death. He did not marry
again.

We now return from this sad record to the birth
of the son and heir, which was the more welcome to
the parcnts after the loss of their first-born child. At
this joyful epoch Mr. and Mrs. Clerk Maxwell, though
retaining the house in India Street, had been already
settled for some years in their new home at Glenlair.
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NOTE.
THE CLERKS OF PENICUIK AND MAXWELLS OF MIDDLEBIE.

Miss IsaBeLLA CLERK, of 3 Hobart Place, London, has
kindly furnished me with the following statement, to
which I have added some annotations. These are
chiefly derived from a book of autograph letters, which
was long kept at Glenlair, and is now in the possession

of Mrs. Maxwell.

“The Clerks of Penicuik are descended from John Clerk,
of Kilhuntly, in Badenoch, Aberdeenshire, who attached
himself to the party of Queen Mary, and had to leave that
part of the country in 1568 during the troubles. His son,
William Clerk, was a merchant in Montrose; he lived in the
reigns of Mary and James the Sixth, and died in 1620,

“John Clerk, his son, was a man of great ability. He
went to Paris in 1634, and having acquired a large fortune
there in commerce, returned to Scotland in 1646, and
bought the barony of Penicuik, and also the lands of
Wright’'s Houses. Ile married Mary, daughter of Sir William
Gray, of Pittendrum. This lady brought the necklace of
Mary Queen of Scots into the family, through her mother,
Mary Gillies, to whom it was given by Queen Mary before
her execution. He died in 1674. His eldest son John
was created a Baronet of Nova Scotia in 1679.”

This Sir John Clerk (the first baronet) records a singular
affray with sixteen robbers who attacked the house of Penicuik
in 1692, He kept them at bay until the neighbouring tenants
came to his relief. His pluck, sagacity, presence of mind, good
feeling, and piety, are conspicuous in the narrative.
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“ He served in the, Parliament of Scotland, and ac-
quired the lands and barony of Lasswade. He married
Elizabeth, daughter of Henry Henderson, Esq., of Elvington,
and grand-daughter of Sir William Drummond, of Haw-
thornden, the poet. Sir William Drummond had only two
daughters, the younger of whom married W. Henderson.
Their daughter Elizabeth was wonderfully tfalented and
accomplished, and had a special gift for music. Sir John
died in 1722. He was succeeded by his eldest son, Sir
John Clerk, a man of great learning, who was appointed in
1707 one of the Barons of the Exchequer in Scotland, which
judicial employment he retained during the remainder of his
life. He was also one of the Commissioners of the Union.”

The Baron’s precepts to his son George when at school in
Cumberland are worthy of Polonins. He advises him to be
kind to his companions, as he could not tell what they might be
able to do for him thereafter, and to be sure to take the opportunity
of “learniny the English language,” in which the Baron himself
regrets his own deficiency. “ You have nothing else to depend
on but your being a scholar and behaving well.” He is described
in the auturan of his days as ‘ humming along and stuffing his
pipe in order to whiff it away for half an hour,” while “my lady
is engaged reading over some newspaper. Miss Clerk is labour-
ing with great industry at a very pretty open muffler. Mrs.
Dean is winding three fine white clews upon a fourth one,” etc.
“ My lady’s” letters to her son George dwell much on family
matters, and are full of old-fashioned piety.

“He was highly accomplished in music, painting, and
languages. At the age of nineteen he went abroad for three
years to finish his education. He studied one year under
the celebrated Dr. Boerhaave at Leyden, where he was a
pupil of William Mieris in drawing. He afterwards went
to Florence and Rome, where he had lessons in music from
Antonio Cerelli, and in painting from Imperiale. He wrote
an opera which was performed in Rome. His brother,
‘William Clerk, married Agnes Maxwell, heiress of Middlebie,
in Dumfriesshire.”

¢
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William also was at Leyden before going into business as a
lawyer, and kept a journal of his tour in Holland, which, like
other writings of the Clerk family, is furnished with pen and
ink sketches of what he saw. His letters are interesting from
the combination of earnest, Covenanting piety, with a gay and
chivalrous bearing in what was evidently the one serious love-
passage of his life. His letters to his wife in the years after
their marriage are as full of tenderness as that in which he
makes his first proposal is instinct with old-world gallantry.

“They left an only daughter, Dorothea, who married her
first cousin, afterwards Sir George Clerk Maxwell.”

This George Clerk Maxwell probably suffered a little from
the world being made too easy for him in early life. Such a mis-
fortune was all but inevitable, and the Baron seems to have done
his best to obviate it by good counsel ; but the current of circum-
stances was too strong. George was in the habit of preserving
letters, and from those received by him before succeeding to
Penicuik it is possible to form a tolerably full impression of the
man. In some respects he resembled John Clerk Maxwell, but
certainly not in the quality of phlegmatic caution. His imagi-
nation seems to have been dangerously fired by the “little
knowledge ” of contemporary science which he may have picked up
when at Leyden with his elder brother James (see p. 19, 11. 18, 25).
We find him, while laird of Dumecrieff, near Moffat, practically
interested in the discovery of a new ¢ Spaw,” and humoured in this
by his friend Allan Ramsay, the poet :—by and by he is deeply
engaged in prospecting about the Lead Hills, and receiving
humorous letters on the subject from his friend Dr. James
Hutton, one of the founders of geological science, and author of
the Theory of the Earth.! After a while he has commenced active
operations, and is found making fresh proposals to the Duke of
Queensberry. Then to the mines there is added some talk of

! See “ Biographical Account of the late Dr, James Hutton, F.R.S,,
Edinburgh,” read by Mr. Playfair, in Transactions of the Royal Society
of Edinburgh, vol. v. He made a tour in the north of Scotland in
1764, “in company with Commissioner, afterwards Sir George, Clerk,
in which Dr. Hutton’s chief object was mineralogy, or rather geology,
which he was now studying with close attention.”
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a paper manufactory, and the Duchess playfully “congratulates ”
his “ good self on every new sprouting up manufacture by means
of 50 good a planter and planner.” But by this time it has been
found advisable to add to his studies some more certain source
of income, and he applies for the Postmastership, and (through
the Duke of Q.) obtains an office in the Customs. In this, as in
all relations of life, he seems to have won golden opinions. And
ere he succeeded to Penicuik, the loss of Middlebie proper and
Dumerieff had doubtless taught the lesson of prudence which his
father the Baron had vainly tried to impress upon his youth.
The friendship of Allan Ramsay and the affectionate confidence
of the “good Duke and Duchess of Queensberry,” sufficiently
indicate the charm which there must have been about this man.

“Sir John Clerk (the DBaron of Exchequer) married
Janet Inglis of Cramond, and was- succeeded by his eldest
son, Sir James Clerk, in 1755, Sir James died without
children in 1782, and was succeeded by his next brother,
Sir George Clerk, who had married his cousin, Dorothea
Maxwell, beiress of Middlebie.”

The betrothal of George Clerk and Dorothea Clerk Maxwell
is said by the Baron (in a special memorandum) to have been in
accordance with her mother’s dying wish. (Dorothea was seven
years old when Agnes Maxwell died!) They were married
privately when he was twenty and she was seventeen, but “as
they were too young to live together,” he was sent to join his
brother James at Leyden. After a short interval the marriage
was declared, and they lived very happily at Dumcrieff.

“8ir George Clerk Maxwell was a Commissioner of Cus-
toms, and a trustee for the improvement of the fisheries and
manufactures of Scotland, His brother, John Clerk of Eldin,
was the author of the well-known work on Newal Tactics.
He was the father of John Clerk, a distinguished lawyer
in Edinburgh, afterwards Lord Eldin, a Lord of Session.”

The follewing account of Mr, Clerk of Eldinis from the
above-mentioned biographical notice of Dr, James Hutton :—!

1 Edinburgh Royal Society’s Transactions, vol. v., part iii., p. 97.
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« Mr. Clerk of Eldin was another friend with whom, in
the formation of his theory, Dr. Hutton maintained a con-
stant communication. Mr. Clerk, perhaps from the exten-
sive property which his family had in the coal-mines near
Edinburgh, was early interested in the pursuit of mineralogy.
His inquiries, however, were never confined to the objects
which mere situation might point out, and through his whole
life has been much more directed by the irresistible impulse
of genius, than by the action of external circumstances.
Though not bred to the sea, he is well known to have
studied the principles of naval war with unexampled success ;
and, though not exercising the profession of arms, he has
viewed every country through which he has passed with the
eye of a soldier as well as a geologist. The interest he took
in studying the surface no less than the interior of the earth ;
his extensive information in most branches of natural history ;
a mind of great resource and great readiness of invention;
made him to Dr. Hutton an invaluable friend and coadjutor.
It cannot be doubted that, in many parts, the system of the
latter has had great obligations to the ingenuity of the
former, though the unreserved intercourse of friendship, and
the adjustments produced by mutual suggestion, might
render those parts undistinguishable, even by the authors
themselves. Mr. Clerk’s pencil was ever at the command
of his friend, and has certainly rendered him most essential
service.” :

In another place the same writer says :—

«Some excellent drawings were made by Mr. Clerk,
whose pencil is not less valuable in the sciences than in the
arts” !

John Clerk, Esq., of Eldin, fifth son of Sir John Clerk of
Penicuik, and brother of Sir George, the grandfather of John
Clerk Maxwell, was the author of certain suggestions on Naval
Tactics, which had the credit of contributing to the victory

1 Qee the collection of his etchings printed for the Bannatyne
Club in 1855, with a striking portrait of him,
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gained over the French by Lord Rodney’s fleet off Dominique in
1782, Tt is fair to add that Sir C. Douglas claimed to have in-
dependently hit on the new method of “breaking the enemy’s
line.” But John Clerk never relinquished his pretensions to the
merit of the discovery, and his book on Naval Tactics in the
edition of 1804 ! is a thick octavo volume, with many woodcut
illustrations and diagrams. He used to sail his mimic navies,
trying various combinations with them, on the fish-ponds at
Penicuik.? His eldest son, John Clerk, afterwards Lord Eldin
of the Court of Session, made a vivid and lasting impression on
his contemporaries, and many anecdotes of legal shrewdness and
caustic wit still live about his name.® A graphic description
of him as the Coryphmus of the Scottish Bar occurs in Pefer’s
Letiers to his Kinsfolk, Letter xxxii* . Quite recently he has
appeared again in Carlyle’s Reminiscences,> as the one figure in the
Edinburgh law-courts, which remained clearly imprinted on the
historian’s imagination.

Lord Eldin’s younger brother, William Clerk, was the trusted

1 There were in all five issues, viz., in 1781, 1790, 1797, 1804,
and {(with notes by Lord Rodney)in 1827,

2 Mise Isabella Clerk is my authority for this,

2 It has been often told how John Clerk, in an appeal before the
House of Lords, when twitted for his pronunciation by Lord Mans-
field,—“ Mr. (llerk, do you spell water with a double ##” —replied,
¢ Na, my laird, we spell wdter wi’ yae ¢, and we spell manners wi’ twa
n's” The following is less known :—A young advocate in the Court
of Session had ventured, in the vehémence of pleading, to exclaim
against some deliverance of the Court, #“ My lords, I am astonished,”
whereupon my lords contracted their judicial brows. But Clerk, who
by this time was one of them, is reported to have said, “ Dinna be ill
at the laddie ! it’s just his inexperience. Gin he had kenned ye, my
lairds, as lang as I hae, he wad no been astonished at onything ye
might dae” It was his father who, on the occasion of Johnson’s visit
to the Parliament House, clapped a shilling in Boswell’s hand with
“ Here’s till ye for the sight o’ your Bear!”

4 % The very essence of his character is scorn of ornament.”

5 Vol. ii. p. 7. “The only figure I distinctly recollect and got
printed on my brain that night was John Clerk, there veritably hitch-
ing about, whose grim, strong countenance, with its black, far-projecting
brows and look of great sagacity, fixed him in my memory. . . . Ex-
cept Clerk, I carried no figure away with me.” :
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friend and comrade of young Walter Scott. And it may be
observed here, by the way, that the friend of both, John Irving,
was half-brother to Mrs. Clerk, John Clerk Maxwell’s mother.}

“8ir George Clerk Maxwell died in 1784, and was suc-
ceeded by his eldest son, Sir John, who married Mary Dacre,
but died without children in 1798. His brother James
was a lieutenant in the Fast Indian Navy, and married Janet
Irving of Newton. He died in 1793, leaving two sons and
a daughter. The elder son, afterwards the Right Honourable
Sir George Clerk,” succeeded to Penicuik on the death of his
uncle, Sir John Clerk, in 1798; and the younger son John
succeeded to the property of Middlebie, which descended to
him from his grandmother, Dorothea, Lady Clerk Maxwell,
and took the name of Maxwell, He married in 1826
Frances, daughter of Robert Cay of Charlton, and had one
son, James Clerk Maxwell, born in July 1831, and died in
Nov. 1879.”

The Maxwells of Middlebie are descendants of the seventh
Lord Maxwell, and, in the female line, of the Maxwells of
Spedoch in Dumfriesshive, ~ Their early history, like that of
many Scottish families, is marked with strong lights and sha-
dows,® and John, the third laird, on coming into his inheritance,

! Many notices both of William Clerk and of John Irving occur in
Mr. John C. Maxwell's Diary. The following are of some interest :—
%1846, Sa., Nov. 5—Called on William Clerk, and sat a good while
with him, He was in bed, and not able to raise himself, but spoke
freely and well, though very weak and thin. His appetite quite good,
and eats plenty, but gains no strength. Dec. 12, Sa.—Called on W.
Clerk, and sat 45 minutes with him. Weak, but hearty to talk,
1847, Jan. 7.—Wm. Clerk died early this morning.”

% For many years Member for Midlothian, and one of the most
prominent politicians of his day. He held office under Sir Robert
Peel, who had great confidence in the breadth and soberness of his
judgment. He was noted for his command of statistics, and of ques-
tions of weights and measures, ete, He had also considerable skill in
music, and was a good judge of pictures.

8 The famous fend between the Maxwells and Johnstones is
celebrated in the old ballad, entitled « Lord Maxwell’s Good-night.”



CHAP, 1] MAXWELLS OF. MIDDLEBIE. 23

found it considerably burdened. He made a great effort to
liberate the estate from encumbrances, and in 1722 was able to
entail his landed property, and make it inseparable from the
name of Maxwell. But he was by no means ultimately freed
from debts, and he transmitted these, together with the estate,
to his daughter Agnes, who married William Clerk. (See p. 17 2
Their daughter, Dorothea, was left an orphan at the age of seven,
and became the ward of Baron Clerk of Penicuik, who (in accord-
ance, as he declares, with her mother’s wish), betrothed her
to his second son George. They were married, privately at
first, in 1735 ; and, in order to simplify their affairs, the Baron
obtained a decree of the Court of Session, followed by an Act of
Parliament, by which (notwithstanding the entail of 1722}
Middlebie proper was sold to liquidate the Maxwell debts, and
was bought in for George Clerk, whose title was thus freed from
burdens, and, so far, from the conditions of the entail. At the
same time it was arranged that Middlebie should not be held
together with Penicuik. Whatever crafty views the Baron may
have had in this curious transaction were frustrated by the im-
prudence of George Clerk Maxwell. His mining and manu-
facturing speculations involved him so deeply that Middlebie
proper, which, by his father’s act, was now at his individual
disposal, was sold in lots to various purchasers (of whom the
Duke of Queensberry was chief), and the hereditary estate was
reduced to something like its present limited area. This accounts
for the fact that Glenlair, the present seat of this branch of the
Maxwell family, is so far distant from the well-known town of
Middlebie, in Dumfriesshire.
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CHAPTER IL

GLENLATR—CHILDHOOD—1831 To 1841.

THAT part of the old estateof Middlebie which remained
to the heirs of Maxwell was situate on the right or
westward bank of the Water of Orr, or Urr, in Kirk-
cudbrightshire, about seven miles from Castle-Douglas,
the market-town, ten from Dalbeattie, with its granite
quarries, and sixteen from Dumfries. It consisted
chiefly of the farm of Nether Corsock, and the moor-
land of Little Mochrum. But, before building, Mr.
Clerk Maxwell by exchange and purchases had
added other lands to these, including the farm of
Upper Glenlair. The site chosen for the house was
near to the march of the original estate, where a
little moor-burn from the westward falls into the Urr.
The two streams contain an angle pointing south-east,
opposite the heathery brae which hides the village of
Kirkpatrick Durham. There, on a rising ground above
the last descent towards the river and the burn, a
mansion-house of solid masonry, but of modest dimen-
sions, had been erected. It was built of dark-gray
stone, with a pavement and a “louping-on-stane” of
granite before the front door. On the southward
slope, towards the burn, was a spacious garden-ground
and a plantation beyond it, occupying the den or
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dingle on ecither side the burn, and coming round to
westward of the house and garden, where it ended
in a shrubbery, by which the house was approached
from the north. On the eastward slope, towards the
Water of Urr, was a large undivided meadow for the
“kye” and the ponies. To the northward was a yard
with a duck-pond, and some humble “ offices” or farm-
buildings, which were displaced by the new erection
of 1843. At the foot of the meadow, near the mouth
of the burn, was a ford with stepping-stones, where
the bridge was afterwards to be built, and the regular
approach to the completed house was to be constructed.
But this was far in the future, for in his building pro-
jeets the laird would not trench upon the resources
that were needed for the land. At the foot of the
garden a place was hollowed out in the bed of the
burn, which has often proved convenient for bathing.
The rocky banks of the Urr, higher up, were fringed
with wood, and on the upland, on either side the
moor, there were clumps of plantation, giving cover
to the laird’s pheasants, and breaking the force of the
winds coming down from the hill of Mochrum (N.W.).
Glenlair was the name ultimately appropriated to the
«“ great house” of Nether Corsock.

Every detail of these arrangements had been
planned by the laird himself, and may be said to have
been executed under his immediate supervision. The
house was so placed and contrived as to admit of en-
largement ; but, in the first erection of it, space was
economised as in the fitting up of a ship. And while
it was building, the owners were contented with still
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narrower accommodation, spending one if not two
whole summers in what was afterwards the gardener’s
cottage. For the journey from Edinburgh was no
light matter, even for so experienced a traveller as
John Clerk Maxwell. Coming by way of Beattock, it
occupied two whole days, and some friendly entertain-
ment, as at the Irvings of Newton (his mother’s half-
sisters),! had to be secured on the way. Carriages,
in the modern sense, were hardly known to the Vale
of Urr. A sort of double-gig with a hood was the
best apology for a travelling coach, and the most
active mode of locomotion was in a kind of rough
dog-cart, known in the family speech as a “hurly.”
A common farmer’s cart has been seen carrying the
laird to church, or to a friend’s hall-door.

Glenlair was in the parish of Parton, of which the
kirk is by Loch Ken. = Mr. Clerk Maxwell was one
of the elders there. (The little church of Corsock,
about three miles up the Urr, was not yet thought
of; for it was built in 1838, and not completely
endowed until 1862.) About seven miles of hilly
road lead from the Urr to Loch Ken and the Dee,
which is reached at a point near Cross-Michael, about
half-way between New Galloway in one direction and
Kirkcudbright and St. Mary’s Isle ? in the other. On
the high ground between the Urr and the Dee is Loch
Roan, a favourite point for expeditions from Glenlair.

& 2y, In a letter dated ¢ Corsock, 25th April 18347 (the
10 me- Boy being then aged two years and ten months),

1 See above, p. 4.
* The seat of the Earl of Selkirk.
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Mr. Clerk Maxwell writes to Jane Cay, his sister-in-
law, in Edinburgh :—

To Miss CAv, 6 Great Stuart Street, Edinburgh.
Corsock, 25th April 1834,

This has been a great day in Parton. Your humble
servant and his better half, Ned,' and Davie took their
departure an hour and a half after screigh 2 for Parton, to
appropriate the seats of the new kirk, which was successfully
atchieved in four hours’ work to the satisfaction of all con-
cerned, by a grand assemblage of the Magnates of the
Parochin, who adjourned to a feast at the Manse. Master
James is in great go, but on this subject I must surrender
the pen to abler hands to do justice to the subject.

Instead of attempting to paraphrase a mode of
speech which must be studied in and for itself, I will
now give the continuation, written on the same sheet
of paper by the “abler pen.”

He is a very happy man, and has improved much since
the weather got moderate; he has great work with doors,
locks, keys, ote., and “ Show me how it doos ” is never out of
his mouth. He also investigates the hidden course of streams
and bell-wires, the way the water gets from the pond
through the wall and a pend or small bridge and down a
drain into Water Orr, then past the smiddy and down to the
sea, where Maggy’s ships sail. As to the bells, they will not
rust; he stands sentry in the kitchen, and Mag runs thro’
the house ringing them all by turns, or he rings, and sends
Bessy to see and shout to let him know, and he drags papa
all over to show him the holes where the wires go through.
We went to the shop and ordered hats and bonnets, and as
he was freckling with the sun I got him a black and white
straw till the other was ready, and as an apology to Meg

! The laird’s horse,
% 4.e. Daybreak ; but in the laird’s vocabulary, 9 am.
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said it would do to toss about; he heard me, and acts
accordingly. His great delight is to help Sandy Frazer
with the water barrel. I sent the fine hat to Mrs. Crosbie®
for her babe, which is well bestowed. . . . You would
get letters and violets by a woman that was going back to
her place ; the latter would perhaps be rotten, but they were
gathered by James for Aunt Jane.

Not much dragging was needed, either then or
afterwards, to get Mr. Clerk to explain any mechanism
to “boy,” and “show him how it doos.” Hencefor-
ward this was the chief pleasure of his life, until the
order was reversed, and the son took hardly less
delight in explaining Nature’s Mechanics to the father.

Before seeing this letter, I had been told by his
cousin, Mrs. Blackburn, that throughout his childhood
his constant question was, “ What's the go o’ that?
What does it do ?”° Nor was he content with a vague
answer, but would reiterate, ©“ But what’s the particu-
lar go of 1t?” And, supported by such evidence, I
may hope to win belief for a reminiscence which I
might else have shrunk from mentioning. I distinetly
remember his telling me, during his early manhood,
that his first recollection was that of lying on the grass
before his father’s house, and looking at the sun, and
wondering. To which may be added the following
anecdote, which has been communicated to me by
Mrs. Murdoch,? the “Meg” of the preceding letter.
“ When James was a little boy of two years and a half
old, I had given him a mnew tin plate to play with.

1 Wife of the minister at Parton,
2 She was distantly connected with the Liddells (above, p. 13).
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It was abright sunny day ; he held it to the sun, and
the reflection went round and round the room. He
said ‘ Do look, Maggy, and go for papa and mamma.’
I told them both to come, and as they went in James
sent the reflection across their faces. It was delightful
to see his papa; he was delighted. He asked him,
* What is this you are about, my boy ¢’ He said, ‘ It
is the sun, papa ; I got it in with the tin plate.” His
papa told him when he was a little older he would
let him see the moon and stars, and so he did.” Me-
thinks I see the laird in those happiest days, standing
on some moonlit night on the pavement at the door,
pointing skywards with one hand, while the small
astronomer is peering from a plaid upon the other arm,
and the glad wife is standing by.!

In Mr. Dyce’s picture of the mother and child we
see this open-eyed loving intercourse with the visible
universe already begun. And in the accompanying
woodeut (p. 30), taken from a contemporary sketch of
a “barn ball ” at the Harvest-home of 1837, the boy
of six years old (instead of looking at the dancer) is
totally absorbed in watching the bow of the ¢ violino
primo,” unshakably determined to make out “the go
of that” some day or other. The spirit which after-

1 There has been preserved amongst the Glenlair papers a chart of
the celestial globe, cut out into constellations, which fit each other like
the pieces of a child’s puzzle. A round hole is made in the cardboard
for every star, differing in size so as to show the magnitude of each,
The whole is exccuted with laborious neatness, and it seems probable
that we have here the means (whether purchased or made at home)
whereby the configuration of the starry heavens was still further im-

pressed on ¢ Jamsie’s” mind.
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wards welcomed the acoustic discoveries of Helmholz
was already at work.

~
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Kirn 1437

In still earlier childhood, when he returned from
walking with his nurse, she had generally a lapful
of curiosities (sticks, pebbles, grasses, etc.) picked
up upon the paths through the wood, which must be
stored upon the kitchen dresser till his parents had
told him all about each one. - In particular, she re-

1 From his earliest manhood his ear for music was remarkably fine
and discriminating, a fact (though in strict accordance with “ heredity ")y
which surprised some of those who had known him as a boy. He
has told me that he remembered a time when it was exquisitely painful
to him to hear music, This time must clearly have been subsequent
to 1837. The truth seems to be that his naturally keen perception
of sounds was interfered with by a tendency to inflammation in the
ear, which came to a crisis in his sixteenth year, but that having
outgrown this together with other signs of delicacy, his powers in this
respect also were developed with striking rapidity. On the other hand,
his shortsightedness seems hardly to have been noticed till he was
fourteen or fifteen.
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members his interest in colours—¢ that (sand) stone
is red ; this (whin) stone is blue.” “ But how d’ye
know it’s blue ?” he would insist. He would catch
insects and watch their movements, but would never
hurt them. His aunt, Miss Cay, used to confess that
it was humiliating to be asked so many questions one
could not answer “ by a child like that.”

But the child was not always observing, or asking
questions. Ever and anon he was engaged in doing,
or in making, which he liked better still. And here
his inventiveness soon showed itself. He was not
long contented with “ tossing his hat about,” or fishing
with a stick and a string (asin an carly picture of Miss
Cay’s); but whenever he saw anything that demanded
constructive ingenuity ih the performance, that forth-
with took his fancy, and he must work at it. Andin
the doing it, it was ten to one but he must give it
some new and unexpeeted turn, and enliven it with
some quirk of fancy. At one time he is seated on the
kitchen table, busily engaged in basket-making, in
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which all the domestics, probably at his command, are
also employed. At another he is “making seals ™
with quaint devices, or improving upon his mother’s
knitting. For he must early have attained the skill,
of which an elaborate example still exists, in “ Mrs,
Wedderburn’s Abigail,” which will be described in the
next chapter, and was worked by him in his twelfth
year.

Of his education in the narrower sense during
this period little is known, except that his mother had
the entire charge of it until her last illness in 1839,
and that she encouraged him to “look up through
Nature to Nature’s God.”*  She seems to have prided
herself upon his wonderful memory, and it is said that
at eight years old he could repeat the whole of the
119th Psalm. His knowledge of Scripture, from his
earliest boyhood, was extraordinarily extensive and
minute; and he could give chapter and verse for
almost any quotation from the Psalms. His know-
ledge of Milton also dates from very early times.
These things were not known merely by rote. They
octupied his imagination, and sank deeper than any-
body knew.

But his most obvious interests were naturally out
of doors. To follow his father *“ sorting ” things about
the farm, or ¢ viewing ” recent improvements ; by and

1 As mentioned in his letter to Miss Cay of 18th January 1840. -

2 When James, being eight years old, was told that his mother
was now in heaven, he said, “ Oh, 'm so glad! Now she’ll have no
more pain.” Already his first thought was for another.
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by (at ten years old) to ride his pony after his father’s
phaeton ; to learn from the men ‘ how to pickfork the
sheaves into the cart,”' to witness a plonghing-match,
to slide on the Urr in time of frost (January 7, 1841),
to leap ditches, to climb trees ““ of sorts,” to see them
felled and “have grand game at getting upon them
when falling,” ! to take wasps’ nests on hot days in
July;? to blow soap bubbles and marvel at their chang-
ing hues ; to scramble up the bed of the eddying stream
that “flowed past the smiddy to the sea,” and mark
the intricate tracery of holes and grooves which, in
rolling the shingle, it had worn and carved in the hard
rock; or to watch the same 1iverin a “ spate” rushing
and whirling over those “pots” which it had wrought,
and piling up the foam into mimic towers, like the
cumuli of the sky; or to gaze into the wan water
when in a milder mood, and drink in the rich brown
colour tinged with green reflections from the trees;—
such were some of his delights, as I may confidently
infer from what he loved to show me afterwards. For
in that constant soul the impression once made was that
which remained and went on deepening— as streams
their channels deeper wear.” I well remember with
what feeling he once repeated to me the lines of Burns—

“ The Muse, nae poet ever fand her,
Till by himsel he learn’d to wander;
Adown some trottin’ burn’s meander,

An’ no think lang”®

! From a letter of J. C. M. to his aunt, Miss Cay, of 18th January
1840 (/Et. 8%).

2 At ten years old this antmosus infans took four in one day.

* From the Epistle to William Simpson, the schoolmaster of Ochil-
tree, May 1785.

D
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There were living companions of his solitude,
besides those at home, for no live thing escaped his
loving observation. And chief among these was that
“child of the mossy pool,” the frog,—nay, humbler
still, the tadpole. The marvel of that transformation
has engrossed many a child; but in none, unless in
some great naturalist, has it awakened such a keen,
continuous interest. And it may be here observed, as
a trait not to be dissociated from his intimacy with
Nature, as one of her familiars, that Maxwell never
had a ¢ horror” of any ereature. ¢ Clean dirt” was a
favourite expression, though no one was ever more
cleanly. He would pick up a young frog, handle him
tenderly, as loving him (not “as if he loved him !”),
listen for his scarcely audible voice (‘“hear him
squeak !” he would say), put him into his mouth, and
let him jump out again! The movements of the frog
in swimming were long a favourite study, and to jump
like a frog was one of the pranks with which he
astonished his companions, when he “put an antic
disposition on” at school ; but of these there will be a
time to speak hereafter. It was also at a later time
that he was told of Galvani’s discoveries: but the
recital had the more vivid interest for him because
of this childhood fancy.

With eminent “ judiciosity,” Mr. Clerk Maxwell
had furnished his son with a leaping-pole. This long
staff, which appears in many of the early drawings, had
at least one excellent effect. Few civilised men have
had such perfect use of hands and arms as Maxwell
always had.—His hand was the model of a hand, at
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once effective and refined -looking.—Thus equipped,
he went across country anywhere and everywhere,
with an eye for all he saw, and pluck enough to meet
any emergency. One who knew him as a child, and
who is fond of animals, says that he was extraordinarily
“game.” His endurance, both physical and mental,
was always most remarkable.

He was sometimes taken to share in the simple
daylight festivities of the neighbourhood (perhaps also
to the New Year’s gathering at Largnane, where the
gifts were dispensed by a Fairy from her grotto), and
1t is still remembered, how at an archery picnic,! when
an elaborate pie from Glenlair was being opened by
the member of another house, the sturdy scion of
Middlebie, who had not yet learned the meaning of
Eriinos, ? and, had doubtless been at the making and
baking, bounded over the cloth just laid upon the
turf, and laid his hand upon the dish, crying eagerly,
“That’s oor’s!” “That’s oor pie!”

His resources on wet days were—first, reading
voraciously every book in the house, except what his
mother kept out of his reach; and secondly, drawing,
which was begun at a very early age. Not that he
ever showed the highest order of artistic talent (though
his young performances are full of spirit); but he
had great accuracy of eye, and any singular arrange-

1 About 1838. This was graced by the presence of three persons
then in the fulness of life, who were not destined to outlive the next
fifteen years—Mrs. Clerk Maxzwell, Miss Dyce, called the Pentland
Daisy (Mrs. Robert Cay), and Isabella Wedderburn (Mrs. Mackenzie).

2 "Epavos, 4%. a feast to which sll contribute, and which all share.
See below, chap. xii.
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ment either of form or colour had always a fascina-
tion for him. Besides his mother’s knitting, already
mentioned, his Aunt Jane’s Berlin-wool work, and her
landscape drawings, early set him inventing curious
patterns and harmonising colours. And there were
two other frequent visitants at Glenlair, whom it is
now time formally to introduce. These were Mr.
Clerk Maxwell’s sister Isabella, the widow of James
Wedderburn, Esq., at one time Solicitor-General for
Scotland, and her daughter Jemima, who was still a
young girl, though somewhat older than her cousin.

Mrs. Wedderburn had been an ornament of Hdin-
burgh society in the days of her youth, combining
beauty of an elegant and piquant kind with great
sprightliness and originality, and the staunchest
loyalty to her kin. In spite of her early widowhood
and of some long illnesses, she retained much of her
spirit, together with her erect, lightsome figure, to the
last, and danced a reel at James's wedding with the
utmost sprightliness though at the age of seventy.
Her daughter, now Mrs. Hugh Blackburn, was only
eight years older than her cousin James; but her rare
genius for pictorial delineation, especially of animals,
was already manifest. It is obvious how this com-
panionship of genius must have influenced the child’s
mmdoor pursuits.

A scientific toy had recently come into vogue, an
improvement on the thaumatrope, called variously
by the names  phenakistoscope,” *stroboscope,” or.
“magic disc.” Instead of turning on its diameter, as
in the thaumatrope, it was made to revolve on a
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transverse axis, before a mirror, at which the eye
looked through apertures cut at equal distances near
the rim.of the disc. And the figures drawn upon it
were so contrived, by being placed in carefully
graduated positions, as thus to produce the impression
of a continuous movement.! This was a source of
endless amusement to the two cousins, the younger
generally contriving, and in part executing, the elder
giving life and spirit to the creatures represented.
Through Mrs. Maxwell’s kindness, I have in my pos-
session some of these early works, in which the
ingenuity of the contriver is everywhere manifest,
the hand of the artist only here and there. The cow
jumping over the waxing and waning moon, the dog
pursuing the rat in and out of his hole, the circus
horse, on which the man is jumping through the hoop,
have the firmness and truth of touch, the fulness of
life, familiar to the many admirers of J. B. The
tumbler under the horse’s feet'; the face in which the
pink and white, drawn separately, are made to blend ;
the tadpole that wriggles from the egg and changes
gradually into a swimming frog ; the cog-wheels moved
by the pendulum, and acting with the precision of
clockwork (showing, in fact, the working of an escape-
ment) ;—these display, with less power of execution,
the quaint fancy and observation, and the constructive

1 This wes afterwards developed into the ¢ zoétrope” or ¢ wheel
of life,”—how far through suggestions of Clerk Maxwell’s, or otherwise,
I am unable to say. The lenses which perfect the illusion were
certainly added by Maxwell himself. See Problem xx. of Cambridge
Tripos Examination, 1869, Thursday, January 7.
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ingenuity of the young Clerk Maxwell. There are
also intricate coloured patterns, of which the hues
shift and open and close as in a kaleidoscope. I would
not venture to affirm that all these belong to the very
earliest period.’ ButI believe that the magic disc was
in full operation before 1839, and that it has a real
connection not only with the ““wheel of life,” but also
with the ““colour-top ” of after years.

Another playmate and partaker of his whims must
be remembered here, This was a terrier of the
““ Mustard ” kind, called Toby, Tobin, Tobs, or Tobit,

according to the moment’s humour. Toby was always

1 As late as Feb. 27, 1847, on a Saturday half-holiday, when kept
in by weather, he was employed with his father in making a magic disc
for a young cousin,
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learning some new trick (performed for his wages of
home-made biscuit after dinner), and neither he nor
James were ever tired of repeating the old ones. To
mention this is not mere trifling, for his power over
animals and perception of their ways® was a permanent
characteristic, and he found a scientific use for it at
a later time in inspecting the eyes of dogs with a
view to certain optical investigations.®

He does not seem to have been particularly fond of
riding at an early age, though in later life it was his
favourite recreation ; but at ten years old, as has been
sald, he used to ride his pony behind his father’s
“ phaeton.”

Lastly, amongst the constant surroundings of the
boy’s early years, the “wassals” must not be for-
gotten. Davie MVinnie and hisfamily—Sandy Fraser
the gardener, and his—the Murdochs, who were the
kindred of Maggie, James’s nurse,—were the objects of
a eontinuous kindly interest and friendly companion-
ship, which had a genial effect on the heart of the
child. And by those of them whom I have been able
to see, he is still remembered, notwithstanding many
years of inevitable silence, with undoubting affection.
The very names of the places where they lived are
suggestive of quaintness and singularity, as were
most things in the Galloway of that day, where it

1 ¢ He scemed to get inside them more than other people”—J. B,

2 « Coonie,” a favourite terrier in later years, had a trick of howl-
ing unmercifully whenever the piano was played. He was completely
cured of this, and Maxwell told a friend, in his grave way, that he
had taken ¢ Coonie ” to the piano and explained to him how it went.
That was all.
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was supposed that the devil had come after the Crea-
tion, with the riddlings of the universe, and had begun
‘“ couping his creels” at Screels, till creel and all fell at
Criffel. Tor-holm, Tor-knows, Tor-brae, Paddock Hall,
Knock-vinney, the Doon of Urr, High Craigs of
Glenlair—such were some of the immediately sur-
rounding names, sorting well with the homely, yet
unusual scenery, and with the picturesque Gallo-
wegian dialect, which, like everything that struck the
boy’s fancy, laid a strong and lasting hold upon his
mind.

In speaking of his own childish pursuits, it is
impossible not to recall the ready kindliness with
which, in later life, he would devote himself to the
amusement of children. There is no trait by which
he is more generally remembered by those with whom
he had private intercourse; and, indeed, in this also
it appears that the boy was father to the man. Behold
him at the age of twelve, with his father’s help, good-
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naturedly guiding the constructive efforts of a still
younger boy.!

As the months went on after Mrs. Maxwell’s death,
the question of education began to press. The experi-
ment of a tutor at home, which had been tried in the
autumn preceding that event, was continued until
November 1841, but by that time had been pro-
nounced unsuccessful. The boy was reported slow at
learning, and Miss Cay after a while discovered that
the tutor was rough. He was probably a raw lad,
who having been drilled by harsh methods had no
conception of any other, and had failed to present the
Latin grammar in such a way as to interest his pupil.
He had, in short, tried to eoerce Clerk Maxwell. Not
a promising attempt! Meanwhile the boy was getting
to be more venturesome, and needed to be—not driven,
but led. And it may be conceded for the tutor’s be-
hoof that. when once taken the wrong way, his power
of provocation must have been, from a certain point
of view, “prodigious.” A childhood without some
naughtiness would be unnatural. One evening at
Glenlair, just as the maid-servant was coming in with
the tea-tray, Jamsie blew out the light in the narrow
passage, and lay down across the doorway.

There is one of Mrs. Blackburn’s drawings, which
throws a curious light on the situation at this junc-

! The scene is at St. Mary’s Isle, and the younger boy is Lord
Charles Scott, then four years old (September 1843)—Mr. A. Mac-
millan, the publisher, in particular, has a vivid recollection of Max-
well's ingenious ways of entertaining children, exhibiting his colour-
top, showing them how to make paper boomerangs, etc.
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ture. Master James is in the duck-pond, in a wash-
tub, having ousted the ducks, to the amusement of the
'young “ vassals,” Bobby and Johnny, and is paddling
himself (with some implement from the dairy, belike),
out of reach of the tutor, who has fetched a rake,
and is trying forcibly to bring him in.  Mr. Clerk
Maxwell has just arrived upon the scene, and is look-
ing on complacently, though not without concern.
Cousin Jemima has been aiding and abetting, and is
holding the leaping-pole, which has probably served
as a boat-hook in this case.

The achievement of sailing in the tub was one in
which James gloried scarcely less than Wordsworth’s
Blind Highland boy in his tortoise shell. Tt is
referred to in the following letter, written by the boy
of ten years old to his father, who had gone for a
short visit to St. Mary’s Isle:—
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Glenlavr House,
[ Friday], 29th October 1841.

‘DEAR PAPA—We are all well.  On Tuesday we ! sailed
in the tub, and the same yesterday, and we are improving,
and I can make it go without spinning ;* but on Wednesday
they were washing, and we could not sail, and we went to
the potatoes. Yesterday they took up the Prince Regents,
and they were a good crop. Mr, and I went to
Maggy’s, but she was away at Brooklands, and so I came
back and sailed myself, for Nanny said Johnny was not to
go in, and Bobby was away. Fanny was there, and was
frightened for me, because she thought I was drowning, and
the ducks were very tame, and let me go quite close to
them. Maggy is coming to-day to see the tubbing. T have
gob no more to say, but remain, your affectionate son,

JAMES CLERK MAXWELL.

The episode of the tutor was not a happy one. I
would omit the fact, as well as the name, were I not
convinced that this first experience of harsh treatment
had effects which long remained,—not in any bitter-
ness, though to be smitten on the head with a ruler
and have one’s ears pulled till they bled might
naturally have operated in that direction,—but in a
certain hesitation of manner and obliquity of reply,
which Maxwell was long in getting over, if, indeed, he
ever quite got over them.

1 From the context “we” seems to include “ Bobby,” one of the
young ¢ vassals,”

2 To enable him to ¢ trim the vessel,” he had put a block of wood
in the centre, Sitting on this, and tucking his legs on either side, he
could paddle nbout steadily and securely. Mrs. Blackburn tells me
that years afterwards at Ruthven, in Forfarshire, being desirous of in-
specting a water-hen’s nest on a deep pond, where there was no boat,
she adopted the same method, and made the voyage both ways alone
without the slightest uneasiness.
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The young Spartan himself made no sign that his
relations with his tutor were otherwise than smooth.
But something awakened the suspicions of his aunt,
Miss Cay,! and the discovery was then made. It was
this, I believe, which finally roused Mr. Clerk Maxwell
to carry into effect what had been for some time in
debate, viz. to take his son to Edinburgh and put
him to school.

1 Two letters from Miss Cay to James, one dated Sept. 1, the other
October 21, 1841, were kept by Mr. Clerk Maxwell, and have been
preserved. Although not significant enough to be inserted here, they
show the confidential interconrse which had sprung up between “ Aunt
Jane” and her sister’s son. She writes of theological and other matters
which would not generally be thought interesting to a boy of ten, thanks
him for his thoughtfulness in getting ferns for her, and says, ¢ I was
glad to hear you were happy, with all your experiments and adventures.”
There had been a visit to Edinburgh that summer, and she writes as if
anticipating that it would be soon repeated. There is also a reference
to an elaborate set of Berlin-wool work for the furniture of the drawing-
room at (Glenlair, which had been begun in Mrs. Maxwell’s lifetime,
and was afterwards completed by Miss Cay.
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CHAPTER IIL

BOYHOOD—EDINBURGH ACADEMY—* O0LD 31 "—HOLIDAYS
AT GLENLATIR—1841 710 1844-—a&T. 10-13.

TuE first school-days are not always a time of pro-
gress. Ior one whose home life has been surrounded
with an atmosphere of genial ideas and liberal pur-
suits, to be thrown, in the intervals of  gerund-
grinding,” amongst a throng of boys of average intel-
ligence and more than average boisterousness, is not
directly improving at the outset. Not that Maxwell
ever retrograded—for his spirit was inherently active;
but where the outward environment was such as
awakened no response in him, he was like an engine
whose wheels do not bite—working incessantly, but
not advancing much. If the Scottish day-school
system had not still been dominated by a tyrannous
economy, and by that spirit of laisser faire which in
education is apt to result in the prevalence of the
worst, much that was in Maxwell would earlier have
found natural vent and growth. As it was, he was of
course storing up Impressions, as under any circum-
stances he would have been ; but his activities were
apt for the time to take odd shapes, as in a healthy
plant under a sneaping wind. Or, to employ another
metaphor, the light in him was still aglow, but in
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passing through an alien medium its rays were often
refracted and disintegrated. The crowd of ““aimless
fancies,” whose influence upon his life he so touch-
ingly deprecated at a later time,' were now most
importunate ; and, bright and full of innocence as
they were, they produced an effect of eccentricity
on superficial observers which he afterwards felt to
have been a hindrance to himself  His mother’s
influence, had she lived, would: have been most valu-
able to him at this time.

The journey from Glenlair had been broken at
Newton ? and at Penicuik, where a halt of some days
was made. It was the middle of November, and a

B Mot 1841

Ledlond LL)'j/L.

season of snow and frost. Soon after dusk on the 18th
of November, the whole family party, including the

! In the poem written after his father's death in 1856.
2 Above, p. 4.
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faithful domestic, Lizzy Mackeand,! arrived at the
door of No. 31 Heriot Row, Mrs. Wedderburn’s house
in Edinburgh. This (with occasional intervals, when
he was with Miss Cay) was to be James Clerk Max-
well’s domicile for eight or nine years to come.

The “ White Horse ” seen through a lunette above
the doorway, the quaint figure of the butler (nick-
named “ Hornie ” from the way he dressed his hair?),
and other noticeable features of this dwelling, appear
and reappear in the boy’s letters to his father, which
now become more frequent.  For; although not choos-
ing to be much separated from James, Mr. Clerk
Maxwell could not be long absent from Glenlair, and
henceforward he lived a divided life between the two,
spending most of the winter evenings by his sister’s
fireside in Edinburgh, and during most of the spring
and summer attending personally to the improvement
of his estate.

The Edinburgh Academy, which had been founded
in 1824, was in high favour with the denizens of the
New Town. Lord Cockburn was one of the directors.
The Rector, Archdeacon Williams, was an Oxford first-
classman, a College acquaintance of John Lockhart’s,’
and an admirable teacher. He had at one time been an
assistant master at Winchester, and had subsequently,
at Lockhart’s recommendation, been tutor to Charles,
Sir W. Scott’s second son. The boys in the junior

! Now Mrs. MacGowan, Kirkpatrick-Durham.
2 His real name was James Craigie,
¢ The inseription beneath his bust in Balliol College, Oxford, is a
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classes, however, knew little of him except by report,
for the assistant masters were jealous of their inde-
pendence.

Various entries in his Diary testify to the father’s
deliberate care in placing his son at the Academy.
Everything which seemed material to the boy’s ad-
vantage had no doubt been carefully considered ; but
there was one serious omission, arising from Mr.
Clerk Maxwell’s inveterate disregard of appearances.
The boy was taken to school in the same garments in
which we have seen him at Glenlair. No dress could
be more sensible in itself. A tunic of hodden gray
tweed 1s warmer than a round cloth jacket for winter
wear, and the brazen clasps were a better fastening
for the square-toed shoes than an adjustment of black
tape, which is always coming undone. But round
jackets were de rigueur amongst the young gentle-
men ; while it must be admitted that they were

just tribute to the memory of one who, though he had his foibles, was
a born educator, and no ordinary man :

Joun WiLnrams, M.A.,

Archdeacon of Cardigan—1835-1858 ;
Rector of the Edinburgh Academy—1824-1847 ;
‘Warden of Llandovery College—1848-1853 ;
‘Who, by the geniality of his Character
And the vigour of his Intellect,

‘Won the hearts of his Pupils,

And gave his life to the study of the Classics in Scotland :
A Celtic Scholar,

An ardent lover of Wales and of the Welsh People,
After a long absence,

He returned to his Native Land
And devoted his great talents
To the instruction of his Countrymen :

Born 1792 ; Died 1858,

He resided at this College
Between the years 1810 and 1814.

See also Lockhart’s Life of Scott, small edition of 1871, pp. 484, 744,
781.
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equally intolerant of dandyism. A frill for a round
collar was of course unendurable, and the Gallovidian
clasps—mnot to mention the square toes—wére an
unheard-of novelt. A new Doy, coming in the
second month of the second year, must in any case
have had something to undergo ; but here was evident
provocation to ¢a parcel of boys in their teens.”!

What happened in the interval after the first
lesson (in the space behind the second classroom) is
best indicated in the words of the Psalmist:—¢ They
came about me like bees.”

“Who made those shoes #” was the first question ;
but it was never easy to get a direct answer from
Maxwell, least of all on compulsion. Brought thus to
bay, he had recourse to his natural weapon—irony.
His answer was soon ready, and his tormentors might
make of it what they hst. In the broadest tones of
his Corsock patois he replied to one of them,

“Div ye ken, 'twas a man,
And he lived in a house,
In whilk was a mouse.”

He returned to Heriot Row that afternoon with

1 #I do believe the veriest fien’s
In the world is a parcel of boys in their teens.”
Fo'c's'le Yarns.

The palinode should also be quoted :—
“¢Riends’ I called them, did I? Well,
I shouldn then, It's hard to tell ;
And it’s likely God has got a plan
To pat a spirit in & man
That’s more than you can stow away
Tn the heart of a child. But he'll see the day
‘When he’ll not have a bit too much for the work
He’s got to do.” Ibid.
E
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his tunic in rags and “ wanting” the skirt; his neat
frill rumpled and torn ;—himself excessively amused
by his experiences, and showing not the smallest sign
of irritation. It may well be questioned, however,
whether something had not passed within him, of
which neither those at home nor his schoolfellows
ever knew.

The nickname of ““Dafty” which they then gave
him clung to him while he remained at school, and he
took no pains to get rid of it. His “quips and
cranks” were taken for ““cantrips,” his quick, short,
elfin laughter (the only sign by which he betrayed his
sensitiveness), was construed into an eldritch noise.
Never was cygnet amongst goslings more misconstrued.
Within the class-rooms things were not much more
prosperous at first. Our master, Mr. A. N. Carmichael,
was a good and experienced teacher, and an excellent
scholar, in a dryish way. He was the author of the
Edinburgh Academy Greek Grommar and of an
Account of the Irregular Greek Verbs, which has now
been superseded, but was justly respected in its day.
He was a good disciplinarian ; but those junior classes
of sixty and upwards were too large and miscellaneous
for real teaching. He had an eye for talent, too, where
it was shown. But his first business was to hear our
tasks, ‘and to let us take places in the class in propor-
tion to the accuracy and readiness with which we said
them. Maxwell did not at once enter into the spirit
of this contest, in which the chief requisites, next to
average talent and intelligence, were push and promp-
titude. His first initiation in Latin had not been
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pleasant to him, and the repetition ad nauseam of “ds,
do, dum,” by his new acquaintances, varied with the
sound of the tawse, did not make the subject more
attractive. Like the boy Teufelsdrockh, he seemed
to hear at school innumerable dead vocables, but no
language. His hesitation got worse and worse, and
as his place in the class was not amongst the “ best
boys,” some of his neighbours willingly did their
utmost to disconcert him. On one occasion we shall
find him humorously retaliating. He was not in the
least inwardly perturbed by all this, nor bore any one
the slightest malice. It was a new scene of life, which
he contemplated with amused curiosity. But it was
natural that his chief interest should not lie there.
He seldom took part in any games, though he was
loyally proud of the success of his school in them, and
characteristically took some interest in the spinning
of “pearies” (pegtops), and the collision of “bools”
(marbles); but, when he could, preferred wandering
alone, sometimes imprisoning the humble-bees on
the green slope at the back and letting them go again,
sometimes doing queer gymmastics on the few trees
that were left,—availing himself, in short, of the
scanty inlets by which Nature visited that shingly
ground.! For his heart was at Glenlair, even when
he made sport for the young Philistines of the
Academy ¢ yards.” It should be added that his
attendance was a good deal interrupted by delicate
health.

! Things are altered now. For years past there has been an ample
recreation-ground provided for the boys of the Academy.
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His life during this period was really centred in
“0ld 31.” He was presently allowed to have a
room to himself, in which he could read and draw
and write, besides preparing for school. His cousin
Jemima was at this time lcarning the art of wood-
cutting, and he was allowed sometimes to dig away
with her tools. The result was a series of rude
engravings, to which allusions occur in his letters to
his father; and a woodcut of his, representing the
head of an old woman, still remains, with the date
1843 engraved on it. In the previous year he pro-
duced more than one elaborate piece of knitting. One
of these, a sort, of sling for holding a work-basket, with
its proper name, “Mrs. Wedderburn’s Abigail,” worked
into it, has been preserved by Mrs. Blackburn. The
library at his new home was more extensive than at
Glenlair. He came to know Swift and Dryden, and
after a while Hobbes, and Butler's Hudibras. Then
if his father was in Edinburgh they walked together,
especially on the Saturday half-holiday, and “viewed”
Leith Fort, or the preparations for the Granton rail-
way, or the stratification of Salisbury Crags; always
learning something new, and winning ideas for imagin-
ation to feed upon.! One Saturday, February 12,
1842, he had a special treat, being taken “to see
electro-magnetic machines.”

! Less frequently, he would rove about alone. Professor Fleeming
Jenkin remembers hearing him say that when he first saw the twisted
piles of candles with which grocers decorate their windows, he was
struck by the curious and complex curves resulting from the combina-
tions of these simple cylinders, and was resolved to understand all
about that some day.
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Mr. Clerk Maxwell was much more like an elder
brother than a “governor” to James, and there was
nothing the boy could not or did not tell him,—mnone
of his whimsical vagaries in which the father did not 1849.43.
take delight. And when “his papaship” was alone A 1012
at Glenlair, James would strive to cheer him in his
solitude by concocting the wildest absurdities, invent-
ing a kind of cypher to communicate some airy
nothing, illuminating his letters after the fashion of
his school copv-books, and adding sketches of school-
life (e.g. the class-room in the abscnce of the teacher),
et cetera. This series of letters is 80 curious that it has
been thought worth while to reproduce one of the
least elaborate of them in faecsimile. Some of those
omitted are still more interesting, as showing his
love of drawing complicated patterns and arranging
colours, and as marking the early and spontaneous
development of ““the habit of constructing a mental
representation of every problem,”* which was in some
degrec an hereditary proclivity. In order, however, to
judge fairly of these enfuntillages, the reader must take
into account the boy’s affectionate solicitude to amuse
his father, who was accustomed to receive whimsical
familiarities from his young relatives in “ Old 31.”?

! Professor Tzit. In the letter of January 18, 1840 (above, p. 33),
in his ninth yea1, when, in speaking of his amusement of seal-engraving
lLe suys, “I made a bird and a beast,” the words “ bird ” and “beast”
are each accompanied with a sort of hieroglyphic representing the
figure he had made upon the seal.

* This is clearly proved by a set of delightful rhyming epistles
addressed to him by his niece, Isabella Wedderburn, afterwards Mrs.
Mackenzie, then a bright young girl, between the years 1825 and
1827,
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In Edinburgh, as at Glenlair, he was allowed to
participate in the amusements of his elders. It is
just worth mentioning that his first play was As
You Like It, with Mrs. Charles Kean as Rosalind ; and
more important to observe that on December 18th,
1843, his father took him to a meeting of the Edin-
burgh Royal Society.

But at school also he gradually made his way.
He soon discovered that Latin was worth learning,
and the Greek Delectus interested him, when we got
so far.! And there were two subjects in which he at
once took the foremost place, when he had a fair
chance of doing so; these were Scripture Biography
and English. In arithmetic, as well as in Latin, his
comparative want of readiness kept him down.

On the whole he attained a measure of success
which helped to secure for him a certain respect, and,
however strange he sometimes seemed to his com-
panions, he had three qualities which they could not
fail to understand—agile strength of limb, imper-
turbable courage, and profound good nature. Professor
James Muirhead remembers him as “a friendly boy,
though never quite amalgamating with the rest.”
And another old class-fellow, the Rev. W. Macfarlane
of Lenzie, records the following as his impression :—
« (lerk Maxwell, when he entered the Academy, was
somewhat rustic and somewhat eccentric. Boys
called him ‘Dafty,” and used to try to make fun of
him. On one occasion I remember he turned with

! The Academy Greek Rudiments was purchased before leaving
Edinburgh for the holidays, July 28, 1842.
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tremendous vigour, with a kind of demonic force, on
his tormentors. I think he was let alone after that,

and gradually won the respect even of the most 1
Z112-13.

thoughtless of his schoolfellows.”?

It was on some such occasion as that to which
Mr. Macfarlane here refers,—somewhere in 1843 or
1844,—that my own closer intimacy and lifelong
friendship with James Clerk Maxwell began. I can-
not recall the exact circumstances, only the place in
the Academy yards, the warm rush of chivalrous
emotion, and the look of affectionate recognition in
Maxwell’s eyes. However imperturbable he was, one
might see that he was not thick-skinned.

Shortly after this we became near neighbours, my
mother's new domicile being 27 Heriot Row, and we
were continually together for about three years.

His letters now refer with more of interest to his
progress at school, especially to exercises in verse, and
to outdoor recreation with companions; akove all to
his delight in bathing and in learning to swim. In
this, as in everything he did, he invented curious
novelties, and was particularly fond of mimicking his
old acquaintance, the frog.

On Sundays he gencrally went with his father to
‘&t. Andrew’s Church (Mr. Crawford’s) in the forenoon,
and, by Miss Cay's desire, to St. John's Episcopal

‘hapel in the afternoon, where, also by her desire, he
was for a time a member of Dean Ramsay’s catecheti-

1 « Ope hauthoy will,” ete. From an entry in his father’s Diary
of May 19, 1847, it appears that he was even then not free from
annoyance. And I can bear witness to the fact.

843-44.
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cal class. Thus, having of course learned “ his ques-
tions” as a child, he became equally acquainted with
the catechisms both of the Scotch and of the English
Church, and with good specimens of the Presbyterian
and Episcopalian styles of preaching. He also went
regularly “to the dancing” at Mr. MacArthur’s, where
he was distinguished for the neatness of his reel-steps,
especially of those curious ones which some of us found
most difficult, such as the “lock-step.”

But more delightful than bathing, and more
interesting even than writing English verse, was the
achievement of which he writes casually to his father
very shortly after his thivteenth birthday.  After
describing the Virginian Minstrels, and betwixt in-
quiries after various pets at Glenlair, he remarks, as if
it were an ordinary piece of news, “I have made a
tetrahedron, a dodecahedron, and two other hedrons,
whose names I don’t know.” = We had not yet begun
geometry,sand he had certainly not at this time
learnt the definitions in Euclid; yet he had not
merely realised the nature of the five regular solids
sufficiently to construct them out of pasteboard with
approximate accuracy, but had further contrived
other symmetrical polyhedra derived from them,'
specimens of which (as improved in 1848) may be
still seen at the Cavendish Laboratory.

Who first called his attention to the pyramid,
cube, etc., I do not know. He may have seen an

1 By producing the facets until their alternate planes intersected.
In the specimens still extant, the facets belonging to each plane of the
original polyhedron are distinguished by specific colouring.
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account of them by chance in a book. But the fact
remains that at this early time his fancy, like that of
the old Greek geometers, was arrested by these types
of complete symmetry; and his imagination so
thoroughly mastered them, that he proceeded  to
make them with his own hand. That he himself
attached more importance to this moment than the
letter indicates, is proved by the care with which he
has preserved these perishable things, so that they (or
those which replaced them in 1848) are still in exist-
ence after thirty-seven years.

LETTERS, 1842 to 1844.
[April 1842.]

My DEAR Para—The day you went away Lizzy and I
went to the Zoological Gardens, and they have got an
elephant, and Lizzy was frightened for its ugly face. One
gentleman had a boy that asked if the Indian cow was he.

Asky? thinks he is a scholar, and was for going with me
to the school, and came into the dancing to-day.

On Friday there was great fun with Hunt the Gowk ;?
we could believe nothing, for the clocks were all “ stopped,”
and cverybody had a “hole in his jacket.” Does Margaret®
play on the trump* still? and what are the great works ?

Does Bobby sail in the tub —I am, your obedient servant,
JaMESs CLERK MAXWELL.

[Tllwminated letters at beginning, and border after. |

My pEAR Mr. MAXWELL—I saw your son to-day, when
he told me that you could not make out his riddles. Now,

! Pet name of a dog.  See illustration on p. 18.
2 Scotch name for the license of April Fool’s day.
* A daughter of his nurse. * The Jew’s harp.

At 10.

B 11
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if you mean the Greek jokes, I have another for you. A
simpleton wishing to swim was nearly drowned. As soon
as he got out he swore that he would never touch water
till he had learned to swim; but if you mean the curious
letters on the last page, they are at Glenlair—Your aff.
Nephew, JAMES CLERK MAXWELL,

I have cut a puggy ' nut, and some of the oil came upon
my fingers, and it smelt like linseed Oil, but it did not hurt.
There was a boy that brought Sea fyke? to the school, and
put it down the boys’ backs, for which he was condemned
to learn 12 lines for 3 days. Talking about places, I am
14 to-day, but I hope to get up. Ovid prophesies very
well when the thing is over, but lately he has prophesied a
victory which never came to pass. I send you a Bag-
piper to astonish the natives with.® I have got a jumping
paddock and a boortree gun.* ~'When are you coming ?—
Your most obedient Sarvent,

] Jas. ALEX. M'MERKWELL.S

Envelope of 24th June 1843—
Mr. Joun CLERK MAXWELL,
Postyknowswere,
Kirkpatrick Durham,

Dumfries.

! 4. Cashew nut. This is characteristic. Compare the description
of the boy-genius in Fo’c's’le Yarns :—
#Bless ye ! the pisons was jnst like mate
To Tommy, that liked to feel the strong
They were, and rowlin’ them on his tongue.”

2 A substance often found on the sea-shore. Itisof a honey-combed
structure, and consists, in fact, of the egg-capsules of the common
whelk (Buccinum undatum). When dried and pulverised, it has an
irritating effect upon the skin. Hence the local name :—¢ Fyke "=
fidget. See Jamieson’s Dictionary.

3 This fantastic and elaborately-coloured illustration is certainly
sufficiently astonishing. 4 fe. A pop-gun of elder-wood.

® Anagram of James Clerk Maxwell.
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“0ld 31,” 28th March 1844.

My DEAR FATHER—On Saturday last we went to the
Marime Villa ;! it had a very strong Marine scent, but I sup-
pose it is all the better jfor that. I found out where shell-
fish breed; they breed in sea fyke; there were muscles,
cocles, and Oysters no bigger than these O O O O fastned
to the fyke by filaments. Nell and Frolic were immersed
in the serene bosom of NePtune, from which with still
quivering limbs they came out, but with very different
feeliNGs ; but Nell exited the compassioN of Meddum,” and
was carried by her. I bhave fLifted up to the little garret.
What Like is the new tapPole 2 and how is Maggy getting on
with fmmm ;3 how much more is to be done concerniNg O
fye, says the pie. John’s house is not finished yeT, I sup-
pose. There have been letters from vUncle Roberr, dated
Gibber Altar, but I have not seen or heard what s in
them FarTHEr than that he was to be at Suez on Monday
last. lizzy says that when you come back it woulb not bE
dispLeasing to her iF you would bring a bawl of gray
worsted, which last word I suppose meaNs woolen thread.
I have cast three seals of Lead from the life, or rather from
the death; one of a cockle and two of muscles, one of which
is, or raTher will be, on this letter J. If you want to
know more look along from the beginning of the letter to
the mark | for the red and blue letters * in order.

How are all the bodies and beasts,—Praecipue, Nanny,
Maggy, Fanny, Bobby, Toby, and Marco.—Your obt. servt.,

Jas. ALeX. M‘MERKWELL.

1 Silverknowe, near Granton, which was being prepared as a resi-
dence for Mr. and Mrs, Mackenzie (Isabella Wedderburn).

? Mrs. Wedderburn. ® The sound of the * trump.”

* Here represented by italics and small capitals respectively. The
italics spell—-Sea fyke is a good thing for polishing with. . The small
capitals spell—I AM COPYING AN OLD PRINT OUT OF THE DELFIAN (..
Delphin) saLrusr. It need not be observed that the capricious spell-
ing in these letters is merely a piece of ¢ daftness.” The spelling of
the letters of 1841 (&t 9-10) is faultless.
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[29th June 1844.] “ Old 31

My DEAR FATHER—On Wednesday I went to the
Virginian minstrels, in which some of the songs were sung,
the first line accompanied with clappers, the second on a
tamborine, the third on a banjo, like this, . . . played like a
guitar very quickly, and the fourth on the fiddle, and the
chorus by all together. There were guesses' in abundance ;
and there was an imitation of a stean onion, and other things
which you will find in the bill. On Saturday, having got
the play for verses on Laocoon, I went with Cha. H. John-
stone ? so far, and then went to the murrain vile till Mrs.
M‘Kenzie, Ninny, and «vwvn® went to visit Cramond, where
I played with the boies till high water; and the minister’s
young brother and the too hoies and I doukit in C (big sea
as xvwy calls it), and then dried ourselves after the manner
of Auncient Greeks; we had also the luxury of a pail of
water to wash our feet in.

How is a’ aboot the house now our Gudeman’s at home ?
How are herbs, shrubs, and trees doing 2—cows, sheep, mares,
dogs, and folk ? and how did Nannie like bonny Carlisle?
Mrs. Robt. Cay was at the church on Sunday® I have
made a tetra hedron, a dodeca hedron, and 2 more hed-
rons that I don’t know the wright names for, How do
doos and Geranimns come on.— Your most oht. servt.

Jas. ALEX. M°MERKWELL.

125 127413 36811 8910 14151617

! 4. riddles or conundrums, of which the boy was fond.

* A son of Admiral Hope Johnstone, then living at Cramond, a
scion of the Johnstones, who in 15— had a feud with the Maxwells,
but in later times claimed kinship with them.

¥ «qe Coonie,” viz. Mr. Colin Mackenszie, then a child of three.

* This helps to fix the date of this letter. Mrs. R. Cay joined her
husband in China early in the spring of 1845. Her son Alexander was
born May 7, and christened on Wednesday, June 26, 1844. Mr. . Max-
well had left Edinburgh for Glenlair on June 7, taking with him six
pigeons in a basket, and some cuttings of pelargonium. His first entry
in the Diary after this, at Glenlair, is as follows :— Saturday, June 8.
—Got home to dinner, and find all well. ~ After dinner plant cuttings
of pelargonium from Killearn, and sort the doves in the new dove-cot.”
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10th July 184).

DreAR FATHER—Excuse me on account of being so long
of writing, because of my being totally employed about pre-
parations of verses, English and Latin, I made four lines of
Latin one week, for which I got the play from ten; but I am
not going to try for the prize, as when I lithp in numberth
it ith but a lithp, for the numberth do not come even with
the help of Gradus; but I am making English ones on the
apparition of Creusa to Aineas in the end of the second
book. Besides this, I am preparing the biography,! and
have been making a list of the kings of Israel and Judah. I
have been going to Cramond and playing with the boys
every Saturday; they went to Rayhills on the ninth.
Dooking ? is grown fine and warm now.

O father ! can it be that souls sublime
return to visit our terrestrial clime ? 3

Your obt. servt. and son to you,
JaMEs CLERK MAXWELL.

I have been wavering about 14 for a good while in the
Latin.

HoLipays AT GLENLAIR—1842 to 1844.

We can readily imagine the sense of enlargement
and release with which the boy went home to Glenlair
after his first long sojourn in Edinburgh. The

Now, every letter received from James is recorded in the Diary, and
the only such entry between the limits of June 7-26 is on June 21st.
“THE THREE PAIRS OF DOVES ALL SITTING. Reed. lefters from Mrs.
Wed, and James” It was a two-days’ post. The letters dated July
10 was received on July 12. The “ Verses on Laocoon” point to the
same date. The translation from Virg. &n. i. 159-169, which cer-
tainly preceded them, was given in on May 10, 1844.

! ie. Scripture History. % 4. Bathing.

3 From the poem on “ Creiisa.”
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shadow which had fallen in 1839 was softened by
time, and society in the Happy Valley' resumed its

1 This name was given to the Vale of Urr in the Coferie-Sprache,
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aspect of harmless gaiety. Cousin Jemima was again
there with her pencil. The “tubbing” was, of course,
resumed, this time conjointly, and the scene of it was
advanced from the duck-pond to the river, showing
greatly increased confidence in navigation.!

There were nutting excursions, walks diversified
with climbing, etc. ete. And in August and September
1843 there were again archery meetings at different
houses in the valley, of one of which (the last) there
has been preserved the following notice from one of
the local newspapers of the time :—

ARCHERY IN “ THE HAPPY VALLEY.”

The Toxophilite Club of the Valley of Urr held their
last meeting for the season on Mrs. Lawrie of Ernespie’s
lawn, on Tuesday the 12th curt. = The club consists of from
forty to fifty members.

Their meetings this summer have been quite charming,
They ranged over the whole valley, on this fair lawn to-day,
and on that the next; and after their couple of hours of
archery was over, a picnic took place on the spot. “God
save the Queen” was invariably sung with the most
graceful loyalty ; and the hospitable mansion adjoining gave
them music and a hall for the evening quadrille, which
wound up the delights of the day.

At every meeting some little prize was proposed to give
zest to the sport ; Mr. Herries of Spottes, for instance, gave
a case of ladies’ arrows, which was shot for and gained by
one of the lady competitors. Nor lacks the club its
Laureate and its Painter to glorify the pastime. A scion of

and adopted even by the local newspapers in their notices of various
social gatherings.

! Long afterwards, when asked by some one ignorant of Galloway,
if there was boating on the Urr, he would answer by a grave reference
to this incident.

At 12.
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the House of Middlebie has lent gallantry to the archers by
his spirited songs; and a fair lady, a friend of the same
house, has painted a couple of pieces, and presented them,
the one to Mr. Lawrence of Largnean, the president of the
club, and the other to Mrs. Bell of Hillowton, the lady

-patroness.  The former picture represents William Tell

aiming at the apple on his son’s head ; the latter, the chaste
huntress Diana piercing a stag.  Both are ¢ beautiful
exceedingly.”

Thus well accomplished in every point and accessory of
their beautiful pastime, loyal and happy are the Bowyers
of Urr.

One of James’s spirited songs, a parody of Scott,
beginning “ Toxophilite, the conflict’s o’er,” still exists
in Cousin Jemima’s handwriting, with a sketch for
the picture of William Tell, in which the features of
the House of Middlehie are idealised. The artist
also proved the best shot on this occasion. The poem
is not worth printing, though it bas characteristic
touches of grotesque ingenuity and humorous obser-
vation which are very curious in a boy of twelve.

The summer of 1843 was also memorable for the
completion of the New Offices at Glenlair. Whatever
he may have intended before the death of his wife,
Mr. Clerk Maxwell made no change in the dwelling-
house during his lifetime. But these out-buildings
had been designed by himself; he had drawn the
working plans for the masons; he had acted as clerk
of the works, rejecting unfit material, etc., and every
detail had been executed under his own eye. So
absorbed was he in the supervision, that he omitted
his usual visit to Edinburgh in July. In one of Mrs.
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Blackburn’s drawings of the previous year, he is seen
laying out the ground for the new offices, with James
heside him intently contemplating his father’s work.
We may be sure that Mr. Maxwell had explained
every step in the whole procedure, and equally sure
that his son laid the lesson well to heart.

Soon after this he was provided with a new source
of endless amusement in the “ devil-on-two-sticks,”
which thenceforth became inseparable from the home
life at Glenlair, and the companion of his holidays at
Glasgow and elsewhere, even in the Cambridge time.
In the family dialect it was humorously referred to
sotto-voce as “ the deil.”  There was nothing he could
not do with that d—1. " No performer on the slack
or tight rope ever made such intricate evolutions
and gyrations. His delight in it was like that which
afterwards he used to take in the dynamical top.

The boy now came to know his own neighbourhood 1843-44.
more widely. There were expeditions, visits, rides. A 1213
The Covenanter’s pool in the burn above Upper
Jorsock, New Abbey, Caerlaverock, and other places
of traditional interest, were explored. And in the
summer of 1844 there was a sort of driving excursion
into the Cairnsmuir country, which is deseribed in
detail in the Diary.

It may be mentioned here in a general way, that
the Christmas holidays were spent either at Penicuik
(with skating, ete.) or Killearn, and afterwards some-
times at Glasgow with Professor and Mrs. Blackburn
or Professor (now Sir William) Thomson.

¥
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CHAPTER IV.
ADOLESCENCE—1844 10 1847—&T. 13-16.

THE commencement of the fifth year at the Academy
was, for many of us boys, a time of cheerfulness and
hope. The long period of mere drill and task-work
was supposed to be over. We had learned the 800
irregular Greek Verbs, either by our own efforts, or by
hearing others say them, and had acquired some
moderate skill in Latin verse composition, On enter-
ing the rector’s class-room, our less mechanical faculties
were at once called into play. We found our lessons
less burdensome when we had not merely to repeat
them, but were continually learning something also n
school.  And the repetition of Virgil and Horace was a
very different thing from the repetition of the rules of
gender and quantity. Some foretaste of this more
genial method had been afforded us in the previous
year, when we had been encouraged to turn some bits
of Virgil into English verse. But the change was,
notwithstanding, considerable, and it was accompanied
with another advance, which for Maxwell was at least
equally important, for it was now that we began the
serious study of geometry.

In October 1844 Mr. Clerk Maxwell and his sister,
Mrs. Wedderburn, were both far from well, and James
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was received in Edinburgh by his aunt, Miss Cay.
He writes to his father, October 14, 1844:—

I like P ! better than B 2 We have lots of
jokes, and he speaks a great deal, and we have not so much
monotonous parsing. In the English, Milton is better than
history of Greece. . . . I was at Uncle John’s,? and he showed
me his new electrotype, with which he made a copper impres-
sion of the beetle. He can plate silver with it as well as
copper, and he gave me a I——| thing with which it may be
done. At night T have generally made vases.

This letter is sealed with the scarabseus referred
to as “ the beetle.”

In the next letter we have a trace of his hesitation
not being yet conquered:—

P——— says that a person f of education never puts in t
hums and haws; he goes + on with his T sentence without
senseless interjections.

N.B~—FEvery + means a dead pause.’

While thus privately retorting on his censor, he
took a singular means for curing his own defect. He
made a plan of the large window in the rector’s room,
and wrote the words of the lesson in the spaces of the
frame-work. He conned his task in that setting, and,

1 The boys nickname for the Rector, Archdeacon Williams. Max-
well’s first interview with him was as follows:—Rector:  What part of
Galloway o you come from ¢” J. C. M.: “ From the Vale of Urr,
Ye spell it o, err, err, or oo, err, err.”

2 Ditto for Mr. Carmichael.

8 Mr John Cay, Sheriff of Linlithgow. See above, p. 7.

4 These pauses in the Rector's case were often filled, in less
guarded moments, with « What you call,” “ Yes, yes,” which he had a
trick of interposing,
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when saying it, looked steadily at the actual window,
where, as he averred, the arrangement of the panes
then helped to recall the order of the words. The
only fear was that by changing his place in the class
he might be obliged to stand sideways to the window.

Our mathematical teacher, Mr. Gloag, was a man
who combined a real gift for teaching with certain
humorous peculiarities of tone and manner. He was
sometimes impatient, but had a kind heart, and we
liked him all the better because we mimicked him.!
Old academicians still delight in talking of him. He
never allowed us to miss a step in any proof, and
made us do many  deductions,” which we puzzled
out entirely without help. It must have been the
companionship of Maxwell that made those hours so
delightful to me. We always walked home together,
and the talk was incessant, chiefly on Maxwell’s side.
Some new train of ideas would generally begin just
when we reached my mother’s door. He would stand
there holding the door handle, half in, half out, while,

“ Much like a press of people at a door
Thronged his inventions, which should go before,”

till voices from within complained of the cold
draught, and warned us that we must part.

From some mathematical principle he would start
off to a joke of Martinus Scriblerus, or to a quotation
from Dryden, interspersing puns and other outrages
on language of the wildest kind, ¢ humming and haw-

! He once said to a nervous boy who had crossed his legs and was
sitting uneasily, “ Ha, booy ! are ye making baskets wi’ your legs ?”
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ing ” in spite of P ; or in a quieter mood he would
tell the story of Southey’s Thalaba, or explain some
new invention, which I often failed to understand.
Our common ground in those days was simple geo-
metry, and never, certainly, was emulation more at one
with friendship. But whatever outward rivalry there
might be, his companions felt no doubt as to his
vast superiority from the first. He seemed to be in
the heart of the subject when they were only at the
boundary ; but the boyish game of contesting point
by point with such a mind was a most wholesome
stimulus, so that the mere exercise of faculty was a
pure joy. With Maxwell, as we have already seen,
the first lessons of geometry branched out at once
into inquiries which soon became fruitful.

¢« Meantime, the rural ditties were not mute.” 1844-46.

a holiduy task, and other effusions concerning in-
cidents of our school life, there was a romantic ballad
written about Christmas 1844 or 5, and in July 1845
the prize for English verse was gained by the poem
on the death of the Douglas, to which he refers in one
of his letters to Miss Cay.!

But a prize of more consequence was the mathe-

! His turn for versifying may be traced back to his twelfth year,
when, in one of his quaint letters to his father, there occur some lines
(profusely illustrated) on the death of a goldfinch:—

Lo ! Ossian makes Comala fall and die,
Why should not you for Richard Goldie cry,” etc.

And in September 1843, as above mentioned, he wrote for the Archers
in the ¢ Happy Valley ” a page and more of spirited verse.

. . . . . 1315,
Besides a serio-comic impromptu on the grievance of

1845.
Ait. 14.
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matical medal, of which he writes to his aunt in a
tone of undisguised though generous triumph. The
following letters were written in June and July
1845:—
To Miss Cay.
June 1845,

I have drawn a picture of Diana,! and made an octohed-
ron on a new principle, and found out a great many things
in geometry. If you make two circles equal, and make three
steps with the compasses {of any size), and cut them out in
card, and also three equal strips, with holes at each end, and
joint them with thread to the upper side of one circle and
the lower side of the other; then if you put a pin through
the centre of one and turn the other, the one will turn, and
if you draw the same thing on both in the same position,—
if you turn them ever so,—they will always be in the same
position.

July 1845.

The subjects for prizes are as follows:—English Verses—
The gude Schyr James Dowglas ; Latin Hexameters and Pen-
tameters—The Isles of Greece; Latin Sapphics—The Rhine.
I have been getting information in many books for Douglas,
but I found it so difficult not to Marmionise, that is, to
speak in imitation of Marmion,—that I am making it in eight
syllable lines. 1 have got Barbour’s Bruce, Buke 20, which
is a help in a different language, which is all fair ; my motto
ig:—

“Men . may . weill . wyte . thouch . nane . them . tell.
How . angry . for . sorrow . and . how , fell .
Is.to.tyne.sic.a.lord.as. he.

To . them . that . war . of . hys . mengye . " *

Pa and T went to your house on Saturday and watered
the plants. I have got the lend of the whole of Horne’s

1

6. A sketch from the antique.
* Barbour’s Bruce, B. xx., 1. 507-10,
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Introduction to the Knowledge of the Seriptures, and Prideaux’s
Connection of the Old and New Testaments, and Townshend’s
Huarmony, which are of great use}

July 1845.

I have got the 11th prize for Scholarship, the 1st for
English, the prize for English verses, and the Mathematical
Medal. I tried for Scripture Knowledge, and Hamilton in
the 7th has got it. We tried for the Medal ? on Thursday.
I had done them?® all, and got home at % past 2; but
Campbell stayed till 4. T was rather tired with writing
exercises from 9 till J past 2.4

Campbell and I went “ once more unto the b(r)each ” to-
day at Portobello. I can swim a little now. Campbell
has got 6 prizes. He got a letter written too soon con-
gratulating him upon my medal ; but there is no rivalry
betwixt us, as B Carmichael says,

His aunt, Miss Cay, to whom these letters are
addressed, had begun again to take more charge of
him than in the preceding years. Mrs, Wedderburn’s
health was very uncertain. Cousin Jemima was
grown-up and immersed in her own pursuits, and the
companionship of his cousin, George Wedderburn, a
young man about Edinburgh, and a humourist of a
different order, was not in every way the most suit-

* Viz. for a competition in Scripture Knowledge, which was open
to the 5th, 6th, and 7th classes. The prize was gained that year by
one of the 7th.

? « Mathematieal Prize” is added between the lines by Mr. Clerk
Maxwell, who writes a P.S. to the letter.

3 #The trial exercises,” ditto, ditto.

* In taese competitions we seem to have been allowed to stay till
we had done all we knew. Witness the following extract from the
Diary :—* 1847, July, Mon. 19.—James at Academy trial for Prize for
Scripture Knowledge. Worked from 9 to 5. Lewis Camphell and
W. Tait worked till 6.”

At 14,
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able for the growing boy. The Diary shows that he
was continually at his aunt’s house, No. 6 Great Stuart
Street, and she is associated with some of my earliest
recollections of him. She sought to bring him out
amongst her friends, to soften his singularities, and to
make him more like other youths of his age. And he
would help her with patterns, arrangement of colours,
ete., as well as with her flowers. One of his earliest
applications of geometry was to set right the perspec-
tive of a view of the interior of Roslin Chapel on which
she was engaged.

Mr. Clerk Maxwell was a frequent visitor at the
Academy at this time. His broad, benevolent face
and paternal air, as of a gentler Dandie Dinmont,
beaming with kindness for the companions of his son,
is vividly remembered by those who were our school-
fellows in 1844-5.

The summer vacation of 1845 was spent almost
wholly at Glenlair. James passed a day now and
then at Upper Corsock with the Fletcher boys,' and
sometimes accompanied his father when he went out
shooting ; but he must have had abundance of time
for reading and for following his own devices. The
country gentlemen were particularly absorbed that year
in political excitement, and Mr. Clerk Maxwell was
often called away. The only event worth mentioning
was a ‘“‘jaunt,” evidently suggested by Miss Cay, to
Newecastle, Durham, and Carlisle, which gave Maxwell

! Sous of Colonel Fletcher of Upper Corsock.
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his first direct impression of English Cathedral Archi-
tecture.

The taste thus formed was strengthened by a visit
to Melrose in the following summer.

Saw the House of Abbotsford and antiquities in it, and
go to Melrose. Got there about 2, and settle to remain all
night., Spend the day and also the evening about the

Abbey. Jane Cay and James drawing——Diary, 1846,
Sept. 10.

On returning to Edinburgh for the winter, Mr.
Clerk Maxwell seems to have been roused by the
expectation which his son’s first school distinction had
awakened amongst his kindred and acquaintance.
He Lecame more assiduous than ever in his attend-
ance at meetings of the Hdinburgh Society of Arts
and Royal Society, and took James with him repeatedly
to both. And so it happened that early in his
fifteenth year the boy dipped his feet in the current
of scientific inquiry, where he was to prove himself so
strong a swimmer. In our walks round Arthur’s
Seat, etec., he had always something new to tell. For
example, in February 1846, he called my attention to
the glacier - markings on the rocks, and discoursed
volubly on this subject, which was then quite recent,
and known to comparatively few.

A prominent member of the Society of Arts at
this time was Mr. D. R. Hay, the decorative painter,
whose attempt to reduce beauty in form and colour to
mathematical principles' had attracted considerable

! «TFirst Principles of Symmetrical Beauty,” by D. R. Hay, Black-
woods, 1646.

1845.
At 14.
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attention amongst scientific men. Such ideas had a
natural fascination for Clerk Maxwell, and he often
discoursed on “ egg-and-dart,” “Greek pattern,”
“ ogive,” and what not, and on the forms of Etruscan
urns. One of the problems in this department of
applied science was how to draw a perfect oval ; and
Maxwell, who had by this time begun the (purely
geometrical) study of Conic sections, became eager to
find a true practical solution of this. How completely
his father entered into his pursuit may best be shown
by the following extracts from Mr. Clerk Maxwell’s
Diary :—
1846,
February.

W. 25.—Called on . . Mr. D. R. Hay at his house, Jordan
Lane, and saw his diagrams and showed James’s Ovals—Mr.
Hay’s are drawn with a loop on 3 pins, consequently formed
of portions of ellipses.

Th. 26.—Call ‘on Prof. ¥orbes at the College, and see
about Jas. Ovals and 3-foci figures and plurality of foci.
New to Prof. Forbes, and settle to give him the theory in
writing to consider.!

Maych.

M. 2.—Wrote account of James’s ovals for Prof. Forbes.
Evening.—Royal Society with James, and gave the above
to Mr. Forbes.

W. 4—Went to the College at 12 and saw Prof. Forbes,
about Jas. ovals. Prof. Forbes much pleased with them,
investigating in books to see what has been done or known

1 Part of the entry on the same day is :—* Parliament House.—
Return with John Cay, called at Bryson’s and suggested to Alexander
Bryson my plan for pure iron by electro-precipitation from sulphate or
other salt”” It is interesting to observe this revival of his youthful
ardour for science in the old companionship, following upon his sym-
pathy with the efforts of his son.
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in this subject. To write to me when he has fully con-
sidered the matter.
Sa. 7.-—Recd. note from Prof. Forbes :—

Edinburgh, 6th March 1846.
My prar Simm—1I have locked over your son’s paper carefully, and
I think it very ingenious,—certainly very remarkable for his years ;
and, I believe, substantially new. On the latter point I have referred
it to my friend, Professor Kelland, for his opinion.—1 remain, dear
Sir, yours sincerely, James D. ForBEs,

W. 11.—TXecd. note from Professor Forbes :(—

8 Park Place, 11th March 1846.

My pEar SiR—I am glad to find to-day, from Professor Kelland,
that his opinion of your son’s paper agrees with mine ; namely, that
it is most ingenious, most creditable to him, and, we believe, a new
way of considering higher curves with reference to foci. Unfortu-
nately these ovals appear to be eurves of a very high and intractable
order, so that possibly the elegant method of description may not lead
to a corresponding simplicity in investigating their properties, But
that is not the present point. ' If you wish it, I think that the sim-
plicity and eclegance of the method would entitle it to be brought
before the Royval Society.—Believe me, my. dear Sir, yours truly,

James D. Forees.

J. CLerk Maxwery, Esq,

Th. 12.-—Called for Prof. Forbes at the College and
conversed about the ovals.

M. 16.—~-Went with James to Royal Society.

T. 17.—Jas. at Prof. Forbes’s House, 3 Park Place, to
Tea, and to discourse on the ovals. Came home at 10. A
successful visit.

T. 24.—Cut out pasteboard trainers for Curves for James.

W. 25.-—Call at Adie’s,! to see about Report on D. R.
Hay’s paper on ovals.

Th. 26.-—Recd. D. R. Hay’s paper and machine for
drawing ovals, ete.

M. 30.—-Called on Prof. Forbes at College and saw
Mr. Adie about report on Mr. Hay’s paper. Jas. ovals to
be at next meeting of R.S.

' The Optician’s.
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M. 6.—Royal Society with Jas. Professor Forbes gave
acct. of James's ovals. Met with very great attention and
fapprobation generally.

The result of the attempt thus eagerly pursued,

as communicated by Professor Forbes that evening,

is embodied in the Proceedings of the Edinburgh
Royal Society, vol. ii. pp. 89-93.

Moxnbpay, 6¢h April 1846,
Stk THoMAsS M. BrisaNEg, Bart,, President, in the Chair.

The following communications were read :—

1. On the Description of Oval Curves, and those having
a plurality of Foci. By Mr. CLERK MAXWELL,
junior, with Remarks by Professor ForBEs. Com-
municated by Professor Forpzs.

Mzr. Clerk Maxwell ingeniously suggests the extension
of the common theory of ‘the foci of conic seetions to curves
of a higher degree of complication, in the following manner :—

1. As in the ellipse and hyperbola, any point in the
curve has the sum or difference of two lines drawn from two
points or foci=a constant quantity, so the author infers
that curves to a certain degree analogous may be described
and determined by the condition that the simple distance
from one focus, plus a multiple distance from the other, may
be = a constant quantity; or more generally, m times the
one distance 4+ » times the other = constant.

2. The author devised a simple mechanical means, by
the wrapping of a thread round piuns, for producing these
curves. See Figs. 1 and 2 (Plate 11). He then thought
of extending the principle to other curves, whose property
should be, that the sum of the simple or multiple distances
of any point of the curve from three or more points or foci,
should be =a constant quantity; and this, too, he has
effected mechanically, by a very simple arrangement of a
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string of given length passing round three or more fixed
pins, and constraining a tracing point, P. See Fig. 3.
Further, the author regards curves of the first kind as con-
stituting a particular class of curves of the second kind, two
or more foci coinciding in one, a focus in which two strings
meet being considered a double focus; when three strings
meet a treble focus, ete.

Professor Forbes observed that the equation to curves
of the first class are easily found, having the form—

N+ yi=a+b V(=) +
which is that of the curve known under the name of the
First Oval of Descartes. Mr. Maxwell had already observed
that, when one of the foci was at an infinite distance (or
the thread moved parallel to itself, and was confined, in
respect of length, by the edge of a board), a curve resembling
an ellipse wasg traced ; from which property Professor Forbes
was led first to infer the identity of the oval with the
Cartesian oval, which is well known to have this property.
But the simplest analogy of all is that derived from the
method of description, » and »' being the radients to any
point of the curve from the two foci.
my +nr! = constant,

which, in fact, at once expresses on the undulatory theory of
light the optical character of the surface in question, namely,
that light diverging from one focus F without the medium,
shall be divectly convergent at another point f within it;
and in this case the ratio = expresses the index of refraction
of the medium.

If we denote, by the power of either focus, the number of
strings leading to it by Mr. Maxwell’s construction, and if
one of the foci be removed to an infinite distance,—if the
powers of the two foci be equal, the curve is a parabola; if
the power of the nearer focus be greater than the other, the
curve is an ellipse; if the power of the infinitely distant
focus be the greater, the curve is a hyperbola. The first case
evidently corresponds to the reflection of parallel rays to a
focus, the velocity being unchanged after reflection; the
second, to the refraction of parallel rays to a focus in a
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Proceedings of the Edinburgh Royal Society, vol. ii.
Prate XL

Fig.1. Two Foci. Ratios 1:2,

Fig.2. Two Focl Ratios 2:3.

Fig.3.Three Foci. Ratios of Equality.

~
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dense medium (in which light moves slower); the third
case, to refraction into a rarer medium.

The Ovals of Descartes were described in his Geometry,
where he has also given a mechanical method of describing
one of them, but only in a particular case, and the method
is less simple than Mr. Maxwell’s. The demonstration of
the optical properties was given by Newton in the Principia,
Book i. Prop. 97, by the law of the sines, and by Huyghens
in 1690, on the Theory of Undulations, in his 77raité de lo
Lumiére. It probably has not been suspected that so easy
and elecant a method exists of describing these curves by
the use of a thread and pins whenever the powers of the
foci are commensurable, For instance, the curve, Fig. 2,
drawn with powers 3 and 2 respectively, give the proper
form for a refracting surface of glass, whose index of refrac-
tion is 1'50, in order that rays diverging from f may be
refracted to F.

As to the higher classes of curves, with three or more
focal points, we cannot at present invest them with equally
clear and curious physical properties, but the method of
drawing a curve by so simple a contrivance, which shall
satisfy the condition,

mr + 0y’ + pr’ 4+ ete., = constant,

is in itself not a little interesting; and if we regard, with
Mr, Maxwell, the ovals above described, as the limiting case
of the others by the coalescence of two or more foci, we
have a further generalisation of the same kind as that so
highly commended by Montucla, by which Descartes eluci-
dated the comic sections as particular cases of his oval
curves.

This was the beginning of the lifelong friendship
between Clerk Maxwell and James D. Forbes. “1
loved James Forbes” was his own emphatic statement
to me in 1869. Maxwell’s gratitude to all from whom
he had received any help or stimulus was imperishable.
The curve-drawing, and the problems connected ¢ 14-15.
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with it, were by no means the only original inves-
tigations of this year. Mr. John Scott, of Scott
Brothers, Greenock, remembers being in the attic of 31
Heriot Row, and seeing some preparations of jelly
with which James was experimenting there. Mr.
Scott left Edinburgh in the summer of 1846. What
was the exact object of these experiments and others
on gutta percha at this time is matter of conjecture.
There is little doubt that they prepared the way
for the investigation concerning the compression of
elastic solids. But it seems - probable that they
were immediately suggested by Forbes's Theory of
@laciers, which had recently called attention to the
whole question of the difference between solid, liquid,
and ¢ viscous” bodies, and the different effects of
gravitation and pressure as applied to them.! Another
set of phenomena with which his mind was soon.
afterwards engaged, viz. those of the refraction and
polarisation of light, 'were partly studied through
similar means,

The work of his cousin, who was now a rising
artist, still interested him. An entry in the father’s
Diary, December 5, 1845, has reference to this :—

Walk with Jas. and Jemima to Botanical Garden to
inspect palm-trees—for her sketching for a picture.

Either in this or the following year 1 remember
his raising the question, Whether it was not possible
to determine mathematically the curve of the waves

1°See especially Forbes's paper on the “ Viscous Theory of Glacier-
Motion ” in the Philosophical Transactions for 1846, pp. 143-210)
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on a particular shore, so as to represent them with
perfect truth in a picture.

After contributing to the Proceedings of the Edin- 184647,
burgh Royal Society, it might perhaps have been
expected that Clerk Maxwell, although scarcely 13,
would at least have been taken from the Academy and
sent to the classes of Mathematics and Natural Philo-
sophy at the University. Instead of this, he simply
completed his course at school. IHis inventions may
pethaps have interfered a little with his regular
studies—for he missed the Mathematical medal in
1846—Dbut he was one of the few of the class which
he had joined in 1841 who continued at the Academy
until 1847. And when he left, although still younger
than his competitors by about a twelvemonth, he was
not only first in mathematics and English, but came
very near to being first in Latin.  He had not yet
“ gpecialised ” or “bifureated,” although the bent of
his genius was manifest. Nor have I ever heard him
wish that it had been otherwise. On the contrary, he
has repeatedly said to me in later years that to make
out the meaning of an author with no help excepting
grammar and dictionary (which was our case) is one
of the best means for training the mind. Some of his
school exercises in Latin prose and wverse are still
extant, and, like everything which he did, are stamped
with his peculiar character.! The first Greek play we
read (the .Alcestis of Euripides) made an impression

1 On his copy of Monk’s Alcestis, which we read in the 6th class
1845-486), the owner’s name is followed by an original distich :—
“3i probrum metuis, nolito tangere librum,
Nam magni domini nomina scripta vides.”
G
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on him to which he reverted in a conversation many
years afterwards." At the same time he had a quick
eye for the absurdities of pedantry. One of the
teachers was apt to annoy our youthful taste by a
literal exactness in translating the Greek particles,
which would have pleased some more recent scholars.
Maxwell expressed our feelings on this subject in a few
lines, of which T can only recall the beginning :—

“ Assuredly, at least, indeed,
—Decidedly als6 . . .

The frigid chimax in “ decidedly ” isa good instance of
his roguish irony.

In September 1846 I made my first visit to Glen-
lair, It was a time of perpetual gladness, but the
particulars are hardly worth recording. James used
to sleep long and soundly, and seemed to be the whole
day at play, eagerly showing me his treasures and
accompanying each exhibition  with lively talk,
sprinkled with innumerable puns.? After such o
breakfast as became that land of milk and honey, there
was a long interval, while Mr. Maxwell was attending
to home business and deliberating what the  expedite”

1 The following bit of Diary deserves to be quoted in this connec-
tion :—* 1845, Saturday, December 27.—Jas. dined at Miss Cay’s. I
went there to tea, taking Lewis and Robert Campbell. Then we all
went to the play— Antigone,” by Miss Faucit.”

2 1 can only compare him to the fraternal spirit that William
Blake saw in vision “clapping its hands for joy” (Gilchrist’s Life of
William Blake, vol. i. p. 59). In the talk of that period a butterfly
was always a “flotterby ;” and idiotisims such as “used to could”
and “be-you-have yourself {” were in common use.
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should be.  Miss Cay meanwhile was writing letters,
or finishing some drawing of Lincluden or New Abbey
(where they had lately been), and James would flit to
and fro between the little den, where his books and
various apparatus lived, and the drawing-room,' where
his father sat in the arm-chair, with Tobs on knee.
Ever and anon we boys would escape out of doors and
have a run in the field or the garden, or a bout with
the d—-—1. So the morning would pass till an early
luncheon, after which Tobin must do his various tricks;
then, if the men were bugy, James would himself har-
ness Meg, the Galloway pony, for the drive of the
afternoon.  After dinner and Toby’s second perform-
ance, and another turn at the deil, there would be
something more to see—Cousin Jemima's drawings,
recent diagrams or other inventions of his own, the
magic discs, ete. ete., the charm of the whole consist-
ing in the flow of talk, incessant, but by no means
unbroken,
“ Changing, hiding,
Doubling upon itself, dividing,”

of which ncither of us ever tired. On Sunday there
was the drive to Corsock Church (where the absolute
gravity of his countenance was itself a study),’ and the
walk home by the river, past the Kirk pool, renowned
for bathing. with conversations of a more earnest kind,

! The present dining-room.

2 At church he always sat preternaturally still, with one hand
lightly resting on the other, not moving a muscle, however long the
sermon might be, Days afterwards he would show, by some remark,
that the whole service, whether good or bad, had been, as it were,
photographed upoxn his mind.
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and a stroll on the estate in the afternoon; or, if we
stayed at home, he would show his favourite books and
talk about them, till the evening closed with a chapter
and a prayer, which the old man read to the assembled
household.

During the winter of 1846-47, James was unusually
delicate. He was often absent from school, and seems
not to have attended the meetings of the Societies.
But of these his father was sure to give him a faithful
report. He was certainly more than ever interested
in science. The two subjects which most engaged his
attention were magnetism and the polarisation of light.
He was fond of showing “Newton’s rings "—the chro-
matic effect produced by pressing lenses together—
and of watching the changing hues on soap bubbles.

In the spring of 1847 (somewhere in April) his
uncle, Mr. John Cay, whose scientific tastes have been
mentioned more than once above, took James and my-
self (with whom he chose to share all such delights) to
see Mr. Nicol, a friend of Sir David Brewster, and the
inventor of the polarising prism.! Even before this
James had been absorbed in “polarised light,” work-
ing with Iceland spar, and twisting his head about to
see “ Haidinger's Brushes” in the blue sky with his
naked eye. But this visit added a new and important
stimulus to his interest in these phenomena, and the
speculations to which they give rise.?

! He lived in Inverleith Terrace, Edinburgh,
% So far as I can recall the order in which his ideas on this sub-
ject were developed, the phenomena of complementary colours came
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Shortly afterwards (May 25th) he went with his
father to the cutler’s to choose magnets suitable for
experimenting.

And a little earlier in the same year (March 17),
he was taken to hear a lecture' on another subject,
which was also connected with his subsequent labours,
and must have impressed him not a little at the time.
This was the discovery by Adams and Leverrier
simultaneously, through a striking combination of
hypothesis and caleulation, of the planet Neptune,
which then first ““ swam into” human “ken.”

The magnetic experiments were continued that
antumn at Glenlair, as appears from two entries in
the Diary :—

Sept. 3.—Walk round by smiddy ; gave steel to be made
into bars for magnets for James.

Sept. 7.—James and Robert (Campbell) most of the
time at the smiddy, and got the magnet bars.

My brother perfectly remembers the magnetising
of these bars of steel.

Lastly, in 1847 —unless my memory deceives me
——James had commenced the study of chemistry, and
had taken extra lessons in German.

There was an odd episode in our school life. To
keep our education ‘abreast of the requirements of

first, then the composition of white light, then the mixture of colours
(not of pigmerts), then polarisation and the dark lines in the spectrum,
and about the same time ¢ the art of squinting,” stereoscopic drawing,
ete,, then coloar-blindness, the yellow spot on the retina, ete.

1 The lecturer was Mr. Nichol, Professor of Astronomy at Glasgow,
the father of the distinguished Professor of English Literature in the
same University.
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the day,” ete., it was thought desirable that we should
have lessons in  Physical Science.” So one of the
classical masters gave them out of a text-book. The
sixth and seventh classes were taught togéther ; and
the only thing I distinctly remember about these
hours is that Maxwell and P. G. Tait seemed to know
much more about the subject than our teacher did.

Maxwell and Tait were by this time acknowledged
as the two best mathematicians of the school, and it
was already prophesied that Tait, who was about
fifteen, would some day be a Senior Wrangler. The
two youths had many interchanges of ideas, and Pro-
fessor Tait remembers that Maxwell had by this
time proved, by purely geometrical methods, that
the central tangential section of a ““tore,” or anchor-
ring, is a pair of intersecting equal and similar curves,
probably circles.

This is referred to in the following extract from
Professor Tait’s admirable summary :—

When I first made Clerk Maxwell’s acquaintance about
thirty-five years ago, at the Edinburgh Academy, he was a
year before me, being in the fifth class while T was in the
fourth.

At school he was at first regarded as shy and rather
dull. He made no friendships, and he spent his occasional
holidays in reading old ballads, drawing curious diagrams,
and making rude mechanical models. This absorption in
such pursuits, totally unintelligible to his schoolfellows
(who were then quite innocent of mathematics), of course
procured him a not very complimentary nickname, which 1
know is still remembered by many Fellows of this Society.
About the middle of his school career, however, he surprised
his companions by suddenly becoming one of the most
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brilliant among them, gaining high, and sometimes the
highest, prizes for scholarship, mathematics, and English
verse conposition. From this time forward I became very
intimate with him, and we discussed together, with school-
boy enthusiasm, numerous curious problems, among which 1
remember particularly the various plane sections of a ring
or tore, and the form of a cylindrical mirror which should
show one his own image unperverted. T still possess some
of the MSS. we exchanged in 1846 and early in 1847. Those
by Maxwell are on “The Conical Pendulum,” “ Descartes’
Ovals,” “ Meloid and Apioid,” and “ Trifocal Curves.” All
are drawn up in strict geometrical form, and divided into
consecutive propositions.! The three latter are conmected
with his first published paper, communicated by Forbes to
this Society and printed in our Proceedings, vol. ii., under
the title “ On the description of Oval Curves, and those
having a plurality of Foci” (1846). At the time when
these papers were written he had received no instruction
in mathematics beyond a few books of Euelid and the merest
elements of Algebra.”

On the whole, he looked back to his schooldays
with strong affection ; and his only revenge on those
who had misunderstood him was that he understood
them. To many of us, as we advance in life, the
remembrance of our early companions, except those
to whom we were specially drawn, becomes dim and
shadowy. But Maxwell, by some vivid touch, has
often recalled to me the image of one and another of
our schoolfellows, whose existence I had all but for-
gotten.

! See note appended to this chapter (pp. 91-104) containing two
papers which must have been written about this time.

2 Proceedings of the Royal Society of Edinburgh. Session 1879-80,
- 332.
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The following letters to his father still belong to
his schoolboy life :—
| April] 1847.
I have identified Descartes’ ovals with mine. His
first oval is an oval with one of its foci outside ; the second
is a meloid with a focus outside. It also comprehends the

circle and apioid. The third is a meloid with both foci
inside ; and the {ourth is an oval with both foci inside.”

O Gy U

He says with regard to the last that rays from A are re-
Hected to B, which I can disprove. . . .

[This is interesting as a proof of the complete independ-
ence and originality of the communication made to the Royal
Society on April 6th, 1846. It is also important as an
example of that love of comparing his own results with
great authorities, which made Maxwell the most learned as
well as the most original of scientific men. See above, p.
74, where Forbes promises to consult books on the subject,
and the references to Descartes in the Proceedings. Forbes
cannot, however, have made any very careful scrutiny into
the history of the matter, else he would have mentioned
that Descartes actually figures the cord by which his ovals
are described, and his process is precisely that of Maxwell.]
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[1847.]
I have made a map of the world, conical projection—

A

‘B

ACD i3 the one cone, BCD the other ; the side AC = dia-
meter of the base CD ; therefore, when unrolled, they are
each semicircles.
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To make the map take OD = OD and OA = $ of
0D, and cescribe a circle from O, with radius OA; this is
the circle of contact. Let the longitude of a point P=160°;
take AOC in the map = 30°; let its latitude be 65°;
subtract &0° and take the tangent of 35, make AB =
tangent. B is the point.
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Myr. Clerk Maxwell made inqguiries early in the
summer of 1847, with a view to placing his son at
College in November. In deciding not to continue
his classical training, he appeats to have been chiefly
guided by some disparaging accounts of the condition
of the Greek and Latin classes in comparison with
those of Logic, Mathematics, and Natural Philosophy.
The result was that in his seventeenth year Maxwell
entered the second Mathematical Class, taught by
Professor Kelland, the class of Naturat Philosophy
under J. D. Forbes, and the Logic Class of Sir William
Hamilton. Classical reading, however, was not by
any means relinquished, as the correspondence of
1847-50 clearly shows.
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NOTE.

THE two following series of propositions concerning the
Ovals belong to this period, and afford an illustration of
Maxwell's mode of working in those early days. See above,
p. 87. The only alterations made, with the exception of
corrections of obvious slips of the pen, consist in a sparing
insertion of stops. The MS., as will be seen by the facsimile
at p. 104, has almost no punctuation.

1. Ovar.

Definition 1,—If a point move in such a manner that m times its
distance from one point, together with =
times its distance from another point, may 3 2
be equal to a constant quantity, it will .
describe a curve ealled an Oval, '

Detiniticn 2.—The two | points  are
called the foci, and the numbers siguified
by m and n are called the powers of the
foci.

Definition 3.——The line joining the
foci is called the axis.

-

Prorosirion 1—PROBLEM.

To describe an oval with given foci,
given multiples, and given constant quantity.

Let A and B be the given foci, 3 and
2 the multiples, and EF the constant quantity, it is required to
describe an cval. At A and B erect two infinitely small cylinders.
Take a perfectly flexible and inextensible thread, without breadth
or thickness, equal to EF ; wind it round the focal eylinders and
another movuble cylinder C, so that the number of plies between
A and C may be equal to m, that is 3, and the number between
B and C equal to n or 2. Now move C in such a manner that
the thresd may be quite tight, and an oval will De described by
the point.
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For take any point C. There are m plies of thread between A
and C, and n plies between B and C, which taken together make up
the thread or the constant quantity, therefore m AC+n BC =EF.

The focus A, which has the greatest number of plies is called the
greater focus, and B is called the Jess focus.

Prorosition 2-—THEOREM.

The greater focus is always within the oval, but the less is within,
on, or without the curve, according as the distance between the foci,
multiplied by the power of the greater focus, is less equal or greater
than, the constant quantity.

L A
+A A
B
£ B — 5 14

The greater focus is always within the Oval, for suppose it to be at
A, Fig. 1, then m AC4n BC= constant quantity =m AD+m DC+
n BC, and m AD + n DB=constant quantity = m AD + n DC +
n BC=m AD+m DC+n BC, and n DC=m DC, and m=n, but
m > n.

The less focus B is within the oval when m AB < EF the con-

stant quantity.
For it is evident that BC (B, 2)— o AB
or 1t is eviden a Fig. 2)= e
It is in the curve when m AB = EF, this is evident.

EF-n AB

It is without the curve when m AB > EF, for AC=- e

ProprosiTION 3—THEOREM.

If a circle be described with a focus for a center, and the constant
quantity divided by the power of that focus for a radius, the distance
of any point of the oval from the other focus is to the distance from
the circle as the power of the central focus is to the power of the other.

The circle EHP is described with the centre B and radius =econ-
stant quantity, divided by the power of B. At any point C, AC:CH ::
power of B : power of A.
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Let m=power of A, and n=power
of B, n BH = constant quantity =n BC
+n CH, and n BC+m AC=constunt
quantity = n BC + n CH, take away 2 BC,
and » HCG=1m AC, therefore HC : CA ::
m:n. QED.

Cor. L.—When the powers of the P
foei are equal the curve is an ellipse.

Cor. 2.—When the less focus is at an infinite distance the curve is
an ellipse, for the circle becomes a straight line ; and

Cor. 3—When the greater focus is at an infinite distance, the
curve is an hyperbola for the same reason.

PROPOSITION 4—THEOREM.

When the less focus is in the curve, an
angle will be formed equal to the vertical
angle of an isosceles triangle, of which the
side is to the perpendicular on the base, as
the power of the greater focus to that of the
less.

For let a circle be described, as in Prop. 3,
it is evident that it will pass through B. Take indefinitely small ares
CB=BD, joit CA and DA, join EH. EC:EB=power of B:power
of A, and EC = B0, therefore EB : BO, power of A : power of B.

PROPOSITION 5-—PROBLEM.

A point A, and a point B iun the line BC being given, to find a
point in the Jine as D, so that m AD 4% BD may be a minimum.
Take a line HP, raise HX perpendicular, and from X as a centre

H,
so that m :n:: XP:XH.

describe a circle with a radius =
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LS 4 ¥
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Draw AC perpendicular to BC, and make an uangle CAD=
HPX. D is the required point. If not, take any pomt E on the
opposite side of D from B, make AT=AE. Join TE, and make
DTL = right angle, then DTE > right angle DTL, because ATE
is less than a right angle (1.16), therefore L is within B. And in the
triangle DTL, DTL= “PHX and TDL =HXP, therefore the triangles
are similar, and TD:DL=(XH:XP)=n:m; and » DL =m DT, then
#DE > mDT, add #»BD and %TA or mEA, then 2BD + 2DE +mEA >
aBD + mDT + mTA and 2BD + mDA < 2aBE + mAE,

Now take a point R on the other side. Join AR, and cut off
AO=AD, make SRD=HXP=ADC. S will be beyond AR. Draw
DS perpendicular to AD, then it will he perpendicular to RS, and
below the line OD, then RSD similar to XHP and RS: RD—
XH:XP=) n:m, and m RS=n RD, but SR < RV < RO and
n RD (=m RS) < m RO, add » BR and m OA or m DA, and
7 BR+n BRD+m DA < 2 BR+m RO+m QA and = BD+m DA
<n BR+m RA. QED.

[

PROPOSITION 6—PROBLEM.

To draw a tangent to an oval from a
focus without :—

Take m for the power of the greater
focus, and n for that of the less, and find
the angle ADB (Prop. 5). Upon AB de-
scribe a segment of a circle containing an
equal angle. Join B and C, the point where
it cuts the oval, B Cis a tangent. For take
any point O, join AO, m AO+n OB >
m AC+mn CB, therefore O is without the
oval,
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ProrosiTioN 7—-PROBLEYM,

To draw a tangent to a given Oval, the foci and the ratio being
given :—

It is required to draw a tangent at C to the oval CNT, ratio m : n.
From B the less focus describe a circle as in (Prop. 3). Join CA, join
CB, and produce to D, then DC:CA::m:n.  Join AD and pro-
duce it. Bisect the angle DCA by the line CO. DO:0A::
(DC:CA:)m:n. Draw CK perpendicular to CO, and describe
the circle OCLK. Because OCK is a right angle, OCK = DCO +
KCB=0CA+ACK. But OCA=DCO ... KCB=ACK and (6.3)
KA:KD::CA:CD::A0:OD ... KA:KD::A0:0D, and at any
point L in the circle, AL : DL :: AO:0D (6 F), and AL:DL::n:m;
and the circle is wholly without the oval, and can only touch it in the
two points C and P, where DB cuts the oval ; for suppose the circle
coincided with the oval at L,

.Loin BL and produce to X, then AL DL::n:m l DL = XL;

nd by Prop. 3 . . AL:XL::n:m |
but DL > XL (3.7), therefore the oval is within the circle. There-
fore draw ECF a tangent to the circle, and as it is without the cirele
it is without the oval,
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“ Scholium.—Join AC, join BC,
% and produce till AC:CD::n :m.
Join AD, bisect ACD by CO.
Draw OE perpendicular to AO.
Make OCE=EOC. It is evident
from the proposition that ECF is
the tangent.

NE

If a line AE be cut in C ‘and B, so that AB: BC:: AE:CE, and
two semicircles BOE, BXE be described on BE, and AQ, CO be drawn
to O in the circumference, and perpendiculars DH, DL, be drawn from
the centre, DH : DL :: AB: BC.

For AB:BC::AE :CE ... AB:AE::BC:CE ... (AE + AB) =
(2AB+2BD)=2 AD:AB::(CE+BC=)2BD:BCand AD:AB::
BD:BC ... (AD - AB=)BD:AB::(BD - BC =) CD:BC .-.
BD:CD::AB:BC. g )

Draw DT perpendicular to OB, then as it bisects the base it
bisects the angle ODB and ODT=BDT, then in the triangles OTP,
DPL, OTP=DLP and OPT=DPL ... PDL=POT. But POT=
BOA (6 ¥ Cor) and BOA=SOH=PDL, and in the triangles SOH,
STD, SHO=S8TD, and OSH=TSD .. SOH =8DT and SDT=PDL.
But ODT =BDT ... CDL=O0ODH and DHO=DLC .-, HOD, CDL are
equiangular, and HD: DL :: (DO =) BD:CD, but BD: CD :: AB: BC
... HD:DL:: AB:BC.

Cor. Sine HOD : Sine DOL :: AB: BC.

PRrROPOSITION 9—THEOREM.

If lines be drawn from the foci to any
point in the oval, the sines of the angles
which they make with the perpendicular
to the tangent are to one another as the
powers of the foci.

Sine DCE : sine ACE : : power of A :
power of B.

For describe the circle CXT as in
Prop. 7, so that DT :TA::DX:AX,
then SC the tangent to the circle is a
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tangent to the oval, and CE the radius is perpendicular to it ; then by
Prop. 8 Corollary, sine DCE :sine ACE :: (DT : TA ::) power of A:
power of B.

/

As the ratio of the sines of incidence and refraction is invariable
for the same medium, and as this ratio is as 2 to 3 in glass ; and as in
the oval at Fig. 1 the powers of the foci are as 2 to 3; if the oval
were made of glass, rays of light from B would be refracted to A. 1If
now a cirele bs described from A, the case will not be altered, for the
rays are perpeadicular to the circle as in fig. 2.

The cllipse and hyperbola, figs. 3 and 3 [bés], cause parallel rays to
converge, for (Prop. 3) they are ovals with one of the foci at an infinite
distance.

Fig. 4 is a combination of 2 hyperbolas, and rays from A are
rvefracted to B.

H
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II, MELOID AND APIOID.

el and Apioid

M >

If a point C move so that m CA ~n CB=a constant quantity,
it will describe a curve called a meloid when m CA > n CB, and an
apioid when n CB>m CA. The points A and B are called the foci.

ProprosirioN 1—PROBLEM.
To describe o Meloid, Fig. 1, or Apioid, Fig. 2.

Take a rigid straight rod AD, centered at A. At D erect a small
cylinder upon the rod, and also another at B on the paper. Then take
a flexible and inextensible thread of such a length thatm AD ~ n times
the thread = constant quantity; then wrap the thread round B and D and
a movable cylinder C, so that there may be n plies between B and C,
and m plies between C and D ; if now AD be turned round and the
thread kept tight, the point C will describe a meloid or apioid.
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For take any point C, m DC-+n CB=thread, and m DC +m AC
= m AD ; therefore take away m DC, and #n CB ~ m AC = thread
~m AD == constant quantity. As m >, A is called the greater and B
the less focus.

/\

Proposition 2 is the same as proposition 2 of the Oval.

ProposITION 3—THEOREM.

If a circle be described with a focus for a center, and the constant
difference divided by the power of that focus for a radius, the distance
of any point in the curve from the other focus is to the distance from
the circle as the power of the central focus is to the power of the other.
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Let TLO, PXS be the circles: at any point C, BC:CO::m:n
and PC:CA ::m :n.

For m CA ~ n OB = constant difference, but m OA = constant
difference .-, m CO=nCB and BC:CO::m :n. QED.

And nBP = constant difference ,*. mCA=nCPand PC:CA ::m :n.
Cor. 1.—1If the constant difference= 0 the curve is a cirele. Cor. 2.—
If an oval be described with a thread = constant difference, with
the same foci and the same powers as the meloid, and any line be
drawn from A, and CB, OB, VB be joined, the angle CBO=VBO.

For BC: CO tm: nand BV:VO::m:n.-.BC:CO::BV:VO
.*. BO:BV::C0:VO and CBO=VBO (6.3).

PropPosSITION 4—THEOREM.

When the less focus is in the curve, an angle will be formed = that
in the Oval (Prop. 4).

¢

For take an indefinitely small arc DB
in the circle, CBD = DBE (3. Cor. 2),
and LBT =TBP .. CBL=EBP.

Or it may be proved as in the oval.
If the greater focus A is at an infinite
distance the figure will appear thus —

-

e’

A

,/f\,,

)

ProrositioN 5-—THEOREM,

If the distance between the greater focus and the point where the
axis cuts the meloid, be to the distance between that point and the less
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focus, in a greater proportion than the power of the greater focus to
that of the less, the curve is convex toward the greater focus at that
puint, but if the proportion is less, eoncave.
Let AD:DB::p:q.
If AD :DB > m :n, CDE is convex towards A; but if AD:
DB < m :m, it iz concave towards A, .. ... Take C and E near D,

and CD=DE. Join CE, CE cuts the axis in O. Draw the circle
CLE from B, and CPE from A. Also draw HTK as in Prop. 3—

Then BD:DT::m:n::BC:CH, but BC = BL, and CH = PT
.BD:DT::BL:PT.:.BD:BL::DT:PT.-. BD : BL-BD ::
DT:PT-DT . .BD:DL::DT:DP.-.BD:DT::DL:DP.-.DL:
DP::m:n.

As E and C are very near D, AD:BD:: AC:BC, but PE=LE
and PCE:2 right sngles ::PE: circumference of CPE, and LCE
:2|L:: LE: circumference of CLE, but circ. OPE : cire. CLE : :
AC:BC::AD:BD::p:q and PE=LE .. PCE: 2 |L::q PE:q
cire. CPE, and LCE : 2 [l ::p PE:(p circ. CLE or) g circ. CPE .-
PCE:LCE ::q PE : p PE ::¢q:p .. PCO:LCO::q:p and PO:0L
tiqip; and if pig>min, OL:OP > DL:DP, and D is nearer to
A than the line COX, and CDE is convex toward A; but if p:g<m 1 n,
D is on the oppesite side, and it is coneave.

PROPOSITION 6—PROBLEM.

To draw a tangent to a meloid or apioid from a focus without :—

Take m for the power of the greater focus, and n for that of the
less, and find the angle ADC (Prop. 5 of the Oval) upon AB describe 2
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segment ACCCB containing an equal angle. Join BC and produce to
H, BH is a tangent, for suppose H to be the end of the rod, and take
any point O, » CH +m CA <n OH + n OA, therefore O is without the
curve.

CP is an apioid, CT is a cirele, and OL is a meloid, with A and B
as foci.

PRoPOSITION 7—PROBLEM.

To draw a tangent to an apioid from any point in the same, the
foci and the ratio being given.

It is required to draw a tangent to the apioid at the point C.
Join BC, and draw a circle as in Prop. 3. Join AD, and produce it.
Make AP:PD::n:m. Join CP, and draw CK at right angles to PC.
Describe a circle through P, C, K, and it was proved in Prop. 7 of the
Oval that if any point O be taken and DO, AO joined, DO: A0 ::m :n.
Suppose O to be both in the circle and in the apioid, join BO, then
LO:AO::m n, but DO:AO:m:n.". LO=DO, but LO <DO,*. the
circle is without the apioid; therefore a tangent C T to the circle at C
is a tangent to the apioid,

Axiom 1.

It is possible for a eircle to be deseribed touching any given curve
internally, ’

ProrosiTioN 8.

To draw a tangent to a meloid at any point C.

Case 1.—Let the curve be concave towards B. Describe the cirele
POCK as in Prop. 7: it will be wholly within the meloid. At C
draw a tangent to the circle : it is also a tangent to the meloid. For
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let RN be the tangent to the meloid, it must cut the circle (3.16),
and therefore cuts the meloid.

Fig. 9, Meloid.

Cuse 2-—When the curve is convex towards B, draw a circle V as
before. Draw CT a tangent to the circle ; it is also a tangent to the
meloid.  For suppose a circle 8 drawn touching the curve internally,
it must touch V and also CT, and any other line would cut 8. QED.

Scholium (see Figs. 8 and 9)—Let M be the point. Join AM,
BM, cut off ME, so that AM : ME : : power of B:power of A. Join
AE, bisecs AME by MH, make XH perpendicular, make XMH=

XHM, XM is a tangent.

PROPOSITION 9—THEOREM.

If Lines be drawn from the foci to any point in a meloid or apioid,
the sines of the angles which they make with the perpendicular to the
tangent are to one another as the powers of
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CHAPTER V.
OTENING MANHOOD—1847 10 1850—%T. 16-19.

WaEN he entered the University of Edinburgh, James
Clerk Maxwell still occasioned some concern to the
more conventional amongst his friends by the origin-
ality and simplicity of his ways. - His replies in ordi-
nary conversation were indirect and enigmatical, often
uttered with hesitation and in a monotonous key.!
While extremely neat in his person, he had a rooted
objection to the vanities of starch and gloves. He
had a pious horror of destroying anything—even
a serap of writing paper. He preferred travelling
by the third class in railway journeys, saying he
liked a hard seat. When at table he often secmed
abstracted from what was going on, being ab-
sorhed in obscrving the effects of refracted light
in the finger-glasses, or in trying some experiment
with his eycs—-sceing round a corner, making invis-
ible stercoscopes, and the like.  Miss Cay used to
call his attention by crying, “Jamsie, you're in a
prop.”* Henever tasted wine ; and he spoke to gentle

! This entiroly disappeared afterwards, except when ironically

assumned. [t wis accompanied with a certain huskiness of voice,

which was observed also in later years.
2 « Prop.” heve and clsewhere ig an abbreviation for ¢ mathematical

proposition.”
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and simple in exactly the same tone. On the other
hand, his teachers—Forbes above all—had formed the
highest opinion® of his intellectual originality and
force ; and a few experienced observers, in watching
his devotion to his father, began to have some inkling
of his heroic singleness of heart. To his college com-
panions, whom he could now select at will, his quaint
humour was an endless delight. His chief associates,
after I went to the University of Glasgow, were my
brother, Robert Campbell (still at the Academy), P.
G. Tait, and Allap Stewart.® = Tait went to Peter-
house, Cambridge, in 1848, after one session of the
University of Edinburgh ; Stewart to the same College
in 1849 ; Maxwell did not go up until 1850.

These three years-—November 1847 to October
1850—were impartially divided between Edinburgh
and Glenlair. He was working under but slight
pressure, and his originality had the freest play. His
studies were multifarious, but the subjects on which
his thoughts were most concentrated during these
years were— 1. Polarised light, the stereoscope, ete. ;
2. Galvanism ; 3. Rolling curves; 4. Compression of
solids. That he early felt the necessity of imposing
a method on himself will appear from the letters.
His paper on Rolling Curves was read before the
Edinburgh Royal Society on February 19th, 1849, by
Professor Kelland (for it was not thought proper for

t Forbes's certificate at the end of the second year goes beyond
the merely formal langnage of such documents :—“ His proficiency
gave evidence of an original and penetrating mind.”

2 Allan Stewart, Esquire of Innerhadden, Perthshire, CE. Zjg. 9th
Wrangler, 1853.
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a boy in a round jacket to mount the rostrum there) ;
that on the Equilibrium of Elastic Solids in the
spring of 1850.

With regard to his class studies, it appears that
he attended Forbes for two sessions as a regular
student, and occasionally as an amateur student in
his third year ; Kelland for two sessions; and Sir W,
Hamilton for two. In his third session, while par-
tially attending Forbes, he was a regular student in
the Classes of Chemistry (Professor Gregory), Prac-
tical Chemistry (Mr. Kemp), and Moral Philosophy
(Professor Wilson).

Mr. Macfarlan of Lenzie, ;n the letter already
quoted, says :—“ He was in the Natural Philosophy
Class, Edinburgh University, the year before I was,
and was spoken of by Forbes and his fellow-students
as a discoverer in Natural Philosophy, and a very
original worker in Mathematics.”

All scientific theories had an interest for him. It
was at some time during these years that in a walk
towards Arthur’s Seat he discoursed to me of Owen’s
hypothesis of types of creation, not only with com-
plete command of Owen’s terminology, but with far-
reaching views of the questions to which the theory
led. On the same occasion he made some character-
istic remarks on the importance of cultivating the
senses, adding that he regarded dulness in that respect
as a bad sign of any man.

The lectures in Mental Philosophy, which were a
prominent eclement in the Scottish University curri-
culum, interested him greatly; and from Sir William
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Hamilton especially he received an impulse which
never lost its effect. Though only sixteen when he
entered the Logic Class, he worked hard for it, as his
letters show; and from the Class of Metaphysics,
which he attended in the following year, his mind
gained many lasting impressions.! His boundless
curiosity was fed by the Professor’s inexhaustible
learning ; his geometrical imagination predisposed him
to accept the doctrine of ““ natural realism ;” while his
mystical tendency was soothed by the distinction
between Knowledge and Belief. The doctrine of a
muscular sense gave promise of a rational analysis of
the active powers. However strange 1t may appear
that a born mathematician should have been thus
influenced by the enemy of mathematics, the fact is
indisputable that in his frequent excursions into the
region of speculative thought, the ideas received from
Sir William Hamilton were his habitual vantage-
ground ; the great difference being, that while Sir
William remained for the most part within the sphere
of Abstract Logic, Maxwell ever sought to bring each
“concept” to the test of fact. Sir William In turn
took a genial interest in his pupil, who was indeed the
nephew of an old friend—Sheriff Cay having at one
time been a constant companion and firm ally of Bir
William’s.2 This is perhaps the most striking example

1 A slight illustration of his devotion to Sir William’s teaching,
and also of his powers of endurance, is afforded by the following
incident ;:—One day he sprained his ankle badly on the College stair-
case ; but, instead of going home, he attended Sir William Hamilton’s

class as usual, and sat through the hour as if nothing had happened.
2 John Lockhart had made a third as the comrade of both.
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of the effect. produced by Sir William Hamilton on
powerful young minds,—an effect which, unless the
best metaphysicians of the subsequent age are mis-
taken, must have been out of all proportion to the
independent value of his philosophy.

It was impossible that young Maxwell should
listen to speculations about the first principles of
things,—speculations, too, which, like all the Scottish
philosophy, turned largely on the reality of the ex-
ternal world, — without ecagerly working out each
problem for himself. Besides various exercises done
by him for the Logic Class, and, like all his youthful
work, preserved by him with pious care, there is
one which scems to have attracted special attention,
and was found by Professor Baynes, when he came to
assist Sir William, in the Professor’s private drawer.
This is so significant, and is so closely related to
Maxwell’s after studies, as to deserve insertion here.

ON THE PROPERTIES OF MATTER.

These properties are all relative to the three abstract
entities connected with matter, namely, space, time, and
force.

1. Since matter must be in some part of space, and in
one part only at a time, it possesses the property of locality
or position.

2. But matter has not only position but magnitude ; this
property is called extension,

3. And since it is not infinite it must have bounds, and
therefore it must possess figure.

These three properties belong both to matter and to
imaginary geometrical figures, and may be called the

At 17,
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geometric properties of matter. The following properties do
not necessarily belong to geometric figures.

4. No part of space can contain at the same time more
than one body, or no two bodies can coexist in the same
space; this property is called impenetrability. It was
thought by some that the converse of this was true, and
that there was no part of space not filled with matter. If
there be a vacuum, said they, that is empty space, it must
be either a substance or an accident.

If a substance it must be created or uncreated.

If created it may be destroyed, while matter remains as
it was, and thus length, breadth and thickness would be
destroyed while the bodies remain at the same distance.

If uncreated, we are led into impiety.

If we say it is an accident, those who deny a vacuum
challenge us to define it, and say that length, breadth and
thickness belong exclusively to matter.

This is not true, for they belong also to geometric
figures, which are forms of thought and not of matter ; there-
fore the atomists maintain that empty space is an accident,
and has not only a possible but a real existence, and that
there is more space empty than full. This has been well
stated by Lucretius.

5. Since there is a vacuum, motion is possible; there-
fore we have a fifth property of matter called mobility.

And the impossibility of a body changing its state of
motion or rest without some external force is called ¢nertia.

Of forces acting between two particles of matter there
are several kinds.

The first kind is independent of the quality of the
particles, and depends solely on their masses and their
mutual distance. Of this kind is the attraction of gravi-
tation and that repulsion which exists between the par-
ticles of matter which prevents any two from coming into
contact.

The second kind depends on the quality of the particles;
of this kind are the attractions of magnetism, electricity, and
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chemical affinity, which are all convertible into one another
and affect all bodies.

The third kind acts between the particles of the same
body, and tends to keep them at a certain distance from one
another and in a certain configuration.

When this force is repulsive and inversely as the dis-
tance, the body is called gaseous.

When it does not follow this law there are two cases.

There may be a force tending to preserve the figure of
the body or not.

When this force vanishes the body is a liquid.

When it exists the body is solid.

If it is small the body is soft; if great it is hard.

If it recovers its figure it is elastic ; if not it is inelastic.

The forces in this third division depend almost entirely
on heat.

The properties of bodies relative to heat and light are—

Transmission, Reflection, and Destruction,
and in the case of light these may be different for the three
kinds of light, so that the properties of colour are—
Quality, Purity, and Integrity ; or
Hue, Tint, and Shade.

We come next to consider what properties of bodies may
be perceived by the senses.

Now the only thing which can be directly perceived by
the senses is Force, to which may be reduced heat, light,
electricity, scund, and all the things which can be perceived
by any sense,

In the sense of sight we perceive at the same time two
spheres covered with different colours and shades. The
pictures on these two spheres have a general resemblance,
but are not exactly the same ; and from a comparison of the
two spheres we learn, by a kind of intuitive geometry, the
position of external objects in three dimensions.

Thus, the object of the sense of sight is the impression
made on the different parts of the retina by three kinds of
light. By this sense we obtain the greater part of our
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practical knowledge of locality, extension, and figure as pro-
perties of bodies, and we actually perceive colour and angular
dimension.

And if we take time into account (as we must always
do, for mno sense is instantaneous), we perceive relative
angular motion.

By the sense of hearing we perceive the intensity,
rapidity, and quality of the vibrations of the surrounding
mediumn.

By taste and smell we perceive the effects which liquids
and aeriform bodies have on the nerves.

By touch we become acquainted with many conditions
and qualities of bodies.

1. The actual dimensions of solid bodies in three dimen-
sions, as compared with the dimensions of our own bodies.

2. The nature of the surface; its roughness or smooth-
ness.

3. The state of the body with reference to heat.

To this is to be referred the sensation of wetness and
dryness, on account of the close contact which fluids have
with the skin.

By means of touch, combined with pressure and motion,
we perceive—

1. Hardness and softness, comprehending elasticity,
friability, tenacity, flexibility, rigidity, fluidity, etc.

2. Friction, vibration, weight, motion, and the like.

The sensations of hunger and thirst, fatigue, and many
others, have no relation to the properties of bodies.

LucreTius oN EMPTY SPACE.

Nec tamen undique corporefi stipata tenentur
Omnia naturd, namque est in rebus Inane.
Quod tibi cogndsse in multis erit utile rebus
Nec sinet errantem dubitare et queerere semper
De summi rerum ; et nostris diffidere dictis.
Quapropter locus est intactus Inane Vacansque
Quod si non esset, nulld ratione moveri
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Res possent ; namque officium quod corporis extat
Officere atque obstare, id in omni tempore adesset
Omnibus. Haud igitur quicquam procedere posset,
Principium quoniam cedendi nulla daret res,

At nunc per maria ac terras sublimaque celi
Multa modis multis varii ratione moveri

Cernimus ante oculos, que, si non esset Inane,

Non tam sollicito motu privata carerent

Quam genita omnind nully ratione fuissent,
Undique materies quoniam stipata quiesset.!

In connection with his logical studies it should be
mentioned that Professor Boole’s attempt, made about
this time, towards giving to logical forms a mathemati-
cal expression,® had naturally strong attractions for
Clerk Maxwell.

! Luer. de Rer Nat., i. 329-345. The following Hamiltonian
notions will be found appearing from time to time in Maxwell’s corre-
spondence and occasional writings :—

1. Opposition of Natural Realism to ¢ Cosmothetic Idealism ” :—

2. Unconscious Mental Modifications :—

3. Distinction between Knowledge and Belief in relation to the
loctrine of Perception :—

4. The Infinite or Unconditioned.

The following passage is worth quoting here, although the experi-
nient in question was probably well known to Maxwell before he went
to college +—

“ . .. The experiment which Sir W, Hamilton quotes from Mr,
Mill, and which had been noticed before either of them by Hartley.

“It is known that the seven prismatic colours, combined in certain
proportions, produce the white Yight of the solar ray. Now, if the
seven colours are painted on spaces bearing the same proportion to one
another as in vhe solar spectrum, and the coloured surface so produced
is passed rapidly before the eyes, as by the turning of a wheel, the
whole is seen as white”—Mill On Hamilton (1st edition, 1865), p. 286.

2 Mr. George Boole's first logical treatise, * The Mathematical
Analysis of Logic, being an Essay towards a Caleulus of Deductive
Reasoning,” was published in 1847 at Cambridge, by Macmillan,
Barclay, and Macmillan,
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The metaphysical writers who had received most
of his attention before going to Cambridge were Des-
cartes and Leibnitz. He knew Hobbes well also, but
chiefly on the ethical side.

When, in his address to Section A of the British
Association at the Liverpool meeting in 1870, Maxwell
spoke of the barren metaphysics of past ages, he knew
the full force of his own words. And he certainly felt
that his psychological studies had given him a distinct
advantage in conceiving rightly the functions of the
eye.
His grasp of Moral Philosoply at the age of nine-
teen,—when he had been stimulated to precise thought
on the subject by listening to the vague harangues of
Professor Wilson (Christopher North),—appears in
some of his letters, and reveals an aspect of his genius
of which too little is known ; and one which his subse-
quent career did not allow him to carry to perfection.

In the third year of his course, as above men-
tioned, besides attending Professor Wilson's lectures,
he renewed his study of Chemistry under Professor
Gregory, to whose laboratory he had unlimited access,
and also to some extent continued his attendance on
Professor Forbes.

It cannot be said that this period was unfruitful ;
yet perhaps it is to be regretted that he did not go
to Cambridge at least one year earlier. His truly
sociable spirit would have been less isolated, he would
have gained more command over his own genius, and
his powers of expression would have more harmoniously
developed. The routine of Cambridge would have
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been not only more valuable but less irksome to him,
and he would have entered sooner and more fully upon
the study of mankind, for which he had such large
capacity,and opportunities hithertoso limited. He suf-
fered less from isolation than most human beings, and
his spirit was deepening all the while ; yet the freedom
of working by himself during the summer months had
manifestly some drawbacks, and the tone of his corre-
spondence shows that he felt the disadvantages of
solitude.

LerTERs, 1847 10 1850—=T. 16-18.

To LEwis CAMPBELL, Esq.

27 Heriot Row,}
Tuesday [16th Novr. 1847).

In Kelland we find the value of expressions in numbers
as fast as we can, the values of the letters being given ; light
work. In Forbes we do Lever, which is all in Potter; no
notes required, only read Pottery ware (light reading).
Logic needs long notes.” On Monday, Wednesday, Friday, I
read Newtow's Fluaions in a sort of way, to know what I am
about in doing a prop. There is no time of reading a book
better than when you need it, and when you are on the
point of finding it out yourself if you were able.

“ Non usitata nec tenuni ferar
Pinn& biformi per liquida equora
Piscis neque in terris morabor
Longius ” but I will take to swimming
with a two formed oar with blades at right angles. . . .
Yours, J. C. M., No. 2.

To THE SAME.
31 Heriot Row, Novr. 1847.
As you say, sir, I have no idle time. 1 look over

1 Above, p. 55,

At 18,
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notes and such like till 9.35, then I go to Coll, and I
always go one way and cross streets at the same places;
then at 10 comes Kelland. He is telling us about
arithmetic and how the common rules are the best. At 11
there is Forbes, who has now finished introduction and
properties of bodies, and is beginning Mechanics in earnest.
Then at 12, if it is fine, I perambulate the Meadows; if
not, I go to the Library and do references. At 1 go to Logic.
Sir W. reads the first 4 of his lecture, and commits the rest
to his man, but reserves to himself the right of making
remarks, To-day was examination day, and there was no
lecture. At 2 I go home and receive interim aliment, and
do the needful in the way of business. Then I extend
notes, and read text-books, which are Kelland’s Algebra and
Potter’s Mechanics. The latter is very trigonometrical, bub
not deep; and the Trig. is not needed. I intend to read a
few Greek and Latin beside.  What books are you doing ?
. . . In Logic we sit in seats lettered according to name,
and Sir W. takes and puts his hand into a jam pig? full of
metal letters (very classical), and pulls one out and examines
the bench of the letter. The Logic lectures,are far the
most solid and take most notes.

Before I left home I found out a prop for Tait (P. G.);
but he will not do it. "Itis *to find the algebraical equa-
tion to a curve which is to be placed with its axis vertical,
and a heavy body is to be put on any part of the curve,
as on an inclined plane, and the horizontal component of
the force, by which it is actuated, is to vary as the nt power
of the perpendicular upon the axis.”

To THE SAME.
Glenlair, 26th April 1848,

. .. On Saturday, the natural philosophers ran up
Arthur's Seat with the barometer. The Professor set it
up at the top and let us pant at it till it ran down with
drops. He did not set it straight, and made the hill grow
fifty feet; but we got it down again.

1 ie Jar.
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We came here on Wednesday by Caledonian. I intend
to open my classes next week after the business is over. I
have been rsading Xenophon’s Memorabilia after breakfast ;
also a Yrench collection book. This from 9 to 11. Then
a game of the Devil, of whom there is a duality and a
quaternity of sticks, so that I can play either conjunctly or
severally. I can jump over him and bring him round with-
out leaving go the sticks. I can also keep him up behind
me.

Then I go in again to science, of which I have only just
got the bocks by the carrier. Hitherto I have done a
prop on the slate on polarised light. Of props I have done
several.

1. Found the equation to a square.

2. The curve which Sir David Brewster sees when he
squints at a wall.

3. A property of the parabola.

4. The same of the Ellipse and Hyperbola. . . .

I can polarise light now by reflection or refraction in 4
ways, and get beautiful but evanescent figures in plate glass
by heating its edge. I have not yet unannealed any glass. . . .

I don’t understand how you mug?® straight on. I suit
my muggery to my temper that day. When I am deep I
read Xenophon’s defence of Bww; when not I read Swx’s
witty dialogues. If I do not do this, I always find myself
reading (reek, that is, reading the words with all their con-
tractions, as & Jew reads Hebrew. I get on very rapidly;
but know nothing about the meaning, and do not even know
but that I am really translating.

Please to write about your Prizes at College, and about
coming here to mug ? You must learn the D 1.

Tatties is planting.—Yours, ete.

To THE SAME.
Qlenlair, 5[6 July 1848.

I was much glad of your letter, and will be thankful for . 17.
a repetition. I understand better about your not coming.

1 4.e. Work.
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I have regularly set up shop now above the wash-house at
the gate, in a garret.? I have an old door set on two
barrels, and two chairs, of which one is safe, and a skylight
above, which will slide up and down.

On the door (or table), there is a lot of bowls, jugs,
plates, jam pigs,? etc., containing water, salt, soda, sulphuric
acid, blue vitriol, plumbago ore; also broken glass, iron, and
copper wire, copper and zinc plate, bees’ wax, sealing wax,
clay, rosin, charcoal, a lens, a Smee’s Galvanic apparatus, and
a countless variety of little beetles, spiders, and wood lice,
which fall into the different liquids and poison themselves.
I intend to get up some more galvanism in jam pigs; but I
must first copper the interiors of the pigs, so I am experi-
menting on the best methods of electrotyping. So I am
making copper seals with the device of a beetle. First, I
thought a beetle was a good conductor, so I embedded one
in wax (not at all cruel, becaunse I slew him in boiling water
in which he never kicked), leaving his back out; but he
would not do. Then I took a cast of him in sealing wax,
and pressed wax into the hollow, and black-leaded it with a
brush ; but neither would that do. So at last I took my
fingers and rubbed it, which I find the best way to use the
black lead. Then it coppered famously. I melt out the
wax with the lens, that being the cleanest way of getting a
strong heat, so I do most things with it that need heat.
To-day I astonished the natives as follows. I took a crystal
of blue vitriol and put the lens to it, and so drove off the
water, leaving a white powder. Then I did the same to
some washing soda, and mixed the two white powders
together ; and made a small native spit on them, which
turned them green® by a mutual exchange, thus:—1. Sul-
phate of copper and carbonate of soda. 2. Sulphate of
soda and carbonate of copper (blue or green).

With regard to electro-magnetism you may tell Bob that
I have not begun the machine he speaks of, being occupied
with better plans, one of which is rather down cast, however,

1 In the “old house” (above, p. 26,1, 4); now fitted up as a gun-room.,
2 4. Jars, 3 This is still remembered by ¢ Lizzy,” Mrs. MacGowan.
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because the machine when tried went a bit and stuck ; and
I did not find out the impediment till T had dreamt over it
properly, which I consider the best mode of resolving diffi-
culties of a particular kind, which may be found out by
thought, or especially by the laws of association. Thus, you
are going along the road with a key in your pocket. You
hear a clink behind you, but do not look round, thinking it
is nothing particular; when you get home the key is gone;
so you dream it all over, and though you have forgotten
everything else, you remember the look of the place, but do
not remember the locality (that is, as thus, “ Near a large
thistle on the left side of the road —mnowhere in particular,
but so that it can be found). Next day comes a woman
from the peats who has found the key in a corresponding
place. This is not “believing in dreams,” for the dream
did not poiut out the place by the general locality, but by
the lie of the ground.

Please to write and tell how Academy matters go, if
they are coming to a head. ' I am reading Herodotus, Euterpe,
having taken the turn ; that is to say, that sometimes I can
do props, read diff. and Int. Cale, Poisson, Hamilton’s dis-
sertations, ete. Off, then I take back to experiments, history
of what you may call it, make up leeway in the newspapers,
read Herodotus, and draw the figures of the curves above.
O deary, 11 pm.! Hoping to see you before October. . .
I defer till to-morrow.

July 6. To-day I have set on to the coppering of the
jam pig which I polished yesterday.

I have stuck in the wires better than ever, and it is
going on at a great rate, being a rainy day, and the skylight
shut and a smell of Hydrogen gas. I have left it for an
hour to read Poisson,as I am pleased with him to-day.
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Sometimes I do not like him, because he pretends to give
information as to calculations of sorts, whereas he only tells
how it might be done if you were allowed an infinite time
to do it in, as well as patience. Of course he never stoops
to give a particular example or even class of them. He
tells lies about the way people make barometers, ete.

I bathe regularly every day when dry, and try aquatic
experiments,

I first made a survey of the pool, and took soundings
and marked rocky places well, as the water is so brown that
one cannot see one’s knees (pure peat, not mud). Deople
are cutting peats now. So I have found a way of swim-
ming round the pool without knocking knees. The lads’
are afraid of melting, exceptone. No one here would touch
water if they could help it, because there are two or three
eels in the pool, which are thought near as bad as adders.

I took down the clay gun and made a centrifugal pump
of it; also tried experiments on sound under water, which
is very distinet, and I can understand how fishes can be
stunned by knocking a stone.

We sometimes get: a rope, which I take hold of at one
end, and Bob Fraser the other, standing on the rock; and
after a flood, when the water is up, there is sufficient current
to keep me up like a kite without striking at all,

The thermometer ranged yesterday from 35° to 69°.

I have made regular ficures of 14, 26, 32, 38, 62, and
102 sides of cardboard.

Latest intelligence—Electric Telegraph. This is going
so as to make a compass spin very much. I must go to
see my pig, as it is an hour and half since I left it ; so, sir,
am your afft. friend, JAMES CLERK MAXWELL.

To THE SAME.
Qlenlair, 22d Sept. 1848.
. . . When I waken I do so either at 5.45 or 9.15, but T
now prefer the early hour, as I take the most of my violent
exercise at that time, and thus am saddened down, so that 1

1 See above, p. 93.
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can do as much still work afterwards as is requisite, whereas
if I was to sit still in the morning I would be yawning all
day. So I get up and see what kind of day it is, and
what field works are to be done; then I catch the pony and
bring up the water barrel.? This barrel used to be pulled
by the men, but Pa caused the road to be gravelled, and so
it became horse work to the men, so I proposed the pony;
_ but all the men except the pullers opposed the plan. So I
and the children not working brought it up, and silenced
vile insinuators. Then I take the dogs out, and then look
round the garden for fruit and seeds, and paddle about till
breakfast time; after that take up Cicero and see if I can
understand him. If so, I read till I stick; if not, I set to
Xen. or Heredt. Then I.do props; ebiefly on rolling curves,
on which subject I have got a great problem divided into
Orders, Genera, Species, Varieties, ete.

One curve rolls on another, and with a particular point
traces out a third curve on the plane of the first, then the
problem is :-—O1der I. Given any two of these curves, to find
the third.

Order II. Given the equation of one and the identity of
the other two, find their equation.

Order III. Given all three curves the same, find them.
In this last Order I have proved that the equi-angular spiral
possesses the property, and that no other curve does. This
is the most reproductive curve of any. I think John Ber-
noulli had it on his tombstone, with the motto Eadem
mutata resurgo. There are a great many curious properties
of curves connected with rolling. Thus, for example,—

If the curve A when rolled on a straight line produces
a curve C, and if the curve A when rolled up on itself
produces the curve B, then the curve B when rolled upon
the curve C will produce a straight line.

Thus, let the involute of the circle be represented by A,

the spiral of Archimedes by B,
and the parabola by C,
then the proposition is true.

1 See above, p. 28, 1. 6.



122 JAMES CLERK MAXWELL. [cHAP. V.

Thus the parabola rolled on a straight line traces a Catenary
with its focus, an easy way to describe the Catenary. Pro-
fessor Wallace just missed it in a paper in the Royal
Society.

After props come optics, and principally polarised light.

Do you remember our visit to Mr. Nicol? T have
got plenty of unannealed glass of different shapes, for I
find window glass will do very well made up in bundles. I
cut out triangles, squares, etc., with a diamond, about 8 or 9
of a kind, and take them to the kitchen, and put them ona
piece of iron in the fire one by one. When the bit is red
hot, I drop it into a plate of iron sparks to cool, and so on
till all are done. I have got all figures up to nonagons,
triangles of all kinds, and irregular chips. I have made a
pattern for a tesselated window of unannealed glass in the
proper colours, also a delineation of triangles at every
principal inclination. We were at Castle-Douglas yester-
day, and got crystals of salt Peter, which I have been
cutting up into plates to-day, in hopes to see rings. There
are very few crystals which are not hollow-hearted or filled
up with irregular crystals. I have got a few cross cuts
like ¢ free of irregularities and long [wedge-shaped] cuts
for polarising plates. One has to be very cautious in sawing
and polishing them, for they are very brittle.

I have got a lucifer match box fitted up for polaris-
ing, thus. The rays suffer two reflections at the polar-

ising angle from glasses A and B. Without the lid
it does for an analysing plate. In the lid there is set a
plate of mica, and so one observes the blue sky, and turns
the box round till a particalar colour appears, and then a
line on the lid of the box points to the sun wherever he
is. Thus one can find out the time of day without the sun.
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[Here follow thirteen diagrams of patterns in triangles, squares,
pentagons, and hexagons.] These are a few of the figures one
sees in unanrealed glass,

Pray write soon and tell when, how, and where by, you
intend to come, that you may neither on the other hand fall
upon us at unawares, nor on the one hand break and not
come at all. T suppose when you come I will have to give
up all my things of my own devizing, and take Poisson, for
the time is short, and I am very nearly unprepared in actual
reading, though a great deal more able to read it.

I hope not to write any more letters till you come. I
seal with an electrotype of the young of the ephemera. So,
sir, I was, etc.

To THE SAME.
Bannavie, 6th July [1849].

This being a wet night, and T having exhausted my
travelling props, set to to write to you about what I can
recollect of my past history. It is curious that though the
remembrance of ploys remains longer than that of home
doings, it is not so easily vmagined after a short interval

By <magining is here meant bringing up an accurate
image of thoughts, words, ‘and works, and not a mere
geographical summary of voyages and travels.

But to the point. Perhaps you remember going with
my Uncle John Cay (7th Class), to visit Mr, Nicol in
Inverleith Terrace. There we saw polarised light in abun-
dance. I purposed going this session but was prevented,
Well, sir, I received from the aforesaid Mr. Cay a “ Nicol’s
prism,” which Nicol had made and sent him. It is made
of calc-spar, so arranged as to separate the ordinary from the
extraordinary ray. So I adapted it to a camera lucida, and
made charts of the strains in unannealed glass.

I have set up the machine for showing the rings in
crystals, which I planned during your visit last year. It
answers very well. I also made some experiments on com-
pressed jellies in illustration of my props on that subject
The principal one wds this :—The jelly is poured while hot

At 18,
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into the annular space contained between a paper cylinder
and a cork: then, when cold, the cork
is twisted round, and the jelly exposed
to polarised light, when a transverse cross,
X, mnot -+, appears with rings as the
inverse square of the radius, all which is
fully verified. Hip! ete. QE.D.

But to make an abrupt transcision,' as
Forbes says, we set off to Glasgow on Monday 2d; to
Inverary on 3d; to Oban by Loch Awe on 4th; round Mull,
by Staffa and Iona, on (5th), and here on 6th. To-morrow
we intend to get to Inverness and rest there. On Monday
perhaps? to the land of Beulah, and afterwards back by
Caledon. Canal to Crinan ‘Canal, and so to Arran, thence
to Ardrossan, and then home. It is possible that you may
get a more full account of all these things (if agreeable), when
I fall in with a pen that will spell; my present instrument
partakes of the nature of skates, aud I can hardly steer it.

There is a beautiful base here for measuring the height, ete.,
of Ben Nevis. It is a straight and level road through a moss
for about a mile that leads from the inn right to the summit.

It is proposed to carry up stones and erect a cairn 3 feet
high, and thus render it the highest mountain in Scotland.

During the session Prof. Forbes gave as an exercise to
describe a cycloid from top of Ben Nevis to Fort William,
and slide trees down it. We took an observation of the
slide, but found nothing to slide but snow.

I think a body deprived of friction would go to Fort
William in a cycloid in 49'6 seconds, and in 81 on an
inclined plane. I believe I should have written the greater
part of this letter to Allan Stewart, but I know not where
he is, so you get it, and may read it or no as you like.

We will be at home between the 15th and 22d of this
month, so you may write then, detailing your plans and
specifying whether you intend to come north at all between
this and November, for we would be glad- if either you or
Bob would disturb our solitude.

1 See below, p. 138, 1. 2. Forbes was extra-precise in articulation.
Hence the spelling.
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To THE SAME.

Glenlatr, 19th October 1849.

Here is the way to dissolve any given historical event in
a mythical solution, and then precipitate the seminal ideas
in their primitive form. It is from Theodore Parker, an
American, and treats of the declaration of American Inde-
pendence. * The story of the Declaration of Independence
is liable to many objections if we examine it & la mode
Strauss. The Congress was held at a mythical town, whose
very name is suspicious,—Philadelphia, brotherly love. The
date is suspicious: it was the fourth day of the fourth
month (reckoning from April, as it is probable that the
Heraclidee and Scandinavians; possible that the Americans,
and certain that the Ebrews, did). ~Now 4 was a sacred
number among Americans : the President was chosen for 4
years, 4 departments of affairs, 4 political powers, etc. The
year also is suspicious. 1776 is but an ingenious] ? com-
bination of the sacred number, thus—
444
4

1776
Still further, the declaration is metaphysical and presupposes
an acquaintance with the transcendental function on the part
of the American people. Now the Kritik of Pure Reason
was not vet published,” ete.

To THE SAME.
October 1849.

Since last letter, I have made some pairs of diagrams
representing solid figures and curves drawn in space; of
these pictures one is seen with each eye by means of
mirrors, thus . . .

This is Wheatstone’s Stereoscope, which Sir David
Brewster has taken up of late with much violence at the
Brightish .4ssociation. (The violence consists in making two
lenses out of one by breaking it). (See Report). Last
winter he e:xhibited at the Scottish Society of Arts Calotype
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pictures of the statue of Ariadne and the beast seen from
two stations, which, when viewed properly, appeared very
solid.

Since then I have been doing practical props on com-
pression, and writing out the same that there may be no
mistake. The nicest cases are those of spheres and cylinders.
I have got an expression for the hardness of a cricket ball
made of case and stuffing. I have
also the equations for a spherical
cavity in an infinite solid, and this
prop: Given that the polarised 3
colour of any part of a cylinder
of unannealed glass is equal to the
square of the distance from the
centre (as determined by observa-
tion), to find—1st, the state of
strain at each point; 2d, the tem-
perature of each.

T have got an observation of - ,
the latitude just now with a saucer >\ ;
of treacle, but it is very windy. P

Pray excuse this wickedly b \\
perplexed letter as an effect of I /AANL
the paucity of our communica- S
tions. If you would sharpen me )
a little it would be acceptable, but “ AN
when there is nobody to speak to B

one [loses] the gift of speech. . . . Thisisthelikeness ofa Skew Sorw

To THE SAME.

31 Heriot Row, Edinburgh, N.B.,
Monday, Nov. 5, 1819,

I go to Gregory to Chemistry at 10, Morale P'hil. at 12,
and Pract. Chem. at 13, finishing at 14, unless perhaps I
take an hour at Practical Mechanics at the Scheol of Arts.
I do not go to Sir W. H. logic, seeing I was tlaere before.
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on Probabilities, with very grand props in it; everything
original, but no signs of reading, I guess. It was all written
in a week. He has despaired of Optics.—12-1. Wilson,
after having fully explained his own opinions, has proceeded
to those of other great men: Plato, Aristotle, Stoics, Epicu-
reans. He shows that Plato’s proof of the immortality of
the soul, from its immateriality, if it be a proof, proves its
pre-existence, the immortality of beasts and vegetables, and
why not transmigration ? (Do you remember how Raphael
tells Adam about meats and drinks in Paradise Lost?)
“(Greek Iambics, if you please.) He quarrels with Aristotle’s
doctrine of the Golden Mean,— a virtue is the mean between
two vices,’—not properly understanding the saying. He
chooses to consider it -as a pocket rule to find virtue, which
it is not meant to be, but an apophthegm or maxim, or dark
saying, signifying that as a hill falls away on both sides of
the top, so a virtue at its maximum declines by excess or
defect (not of virtue but) of ‘some variable quantity at the
disposal of the will. Thus, let it be a virtue to give alms
with your own money, then it is a greater virtue to pay
one’s debts to the full. Now, a man has so much money:
the more alms he gives up to a certain point, the more
virtue. As soon as it becomes impossible to pay debts, the
virtue of solvency decreases faster than that of almsgiving
increases, so that the giving of money to the poor becomes
o vice, so that the variable is the sum given away, by
excess or defect of which virtue diminishes, say I; so that
Wilson garbles Aristotle,—but I bamboozle myself. I say
that some things are virtues, others are virtuous or generally
lead to virtue. Substitute goods for virtues, and it will be
more general: thus, Wisdom, Happiness, Virtue, are goods,
and cannot be in excess; but Knowledge, Pleasure, and—
what ? (please tell me, Is it Propriety, Obedience, or what is
it ?) lead to the other three, and are not so much goods as
tending to good ; whereas particular knowledges, pleasures,
and obediences may be in excess and lead to evils. I post-
pone the rest of my observations to my Collection of the
Metaphysical principles of Moral Philosophy founded on
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Langhorne has got your Buchananic notes. Why do you
think that I can endure nothing but Mathematics and
Logic, the only things I have plenty of ? and why do you
presuppose my acquaintance with your preceptors, professors,
tutors,! ete. 2 .

I don’t wonder at your failing to take interest in the
exponential theorem, seeing I dislike it, although I know
the use and meaning of it. But I never would have, unlesy
Kelland had explained it. . . .

In your next letter you may give an abstract of Aris-
totle’s Rhet., for I do not attend Aytoun, and so I know
not what Rhet. is. I know Logic only by Reid’s account
of it. I will tell you about ‘Wilson’s Moral Philosophy,
provided always you want to know, and signify your desire.

To THE SAME.
[Edin] 14th March 1850.

As I am otherwise engaged, I take this opportunity of
provoking you to write a letter or two. I have begun to
write Elastic Equilibrium, and I find that I must write you
a letter in order at least, indeed,® to serve on the one hand
as an excuse to myself for sticking up, and on the other
hand as a sluice for all the nonsense which I would have
written. I therefore propose to divide this-letter as follows:
—My say paturally breaks up into—1. Education; 2.
Notions; 3. Hearsay.

1. Education—Public,

10-11.—Gregory is on Alloys of Metals just now.
Last Saturday I was examined, and asked how I would do
if the contents of a stomach were submitted to me to detect
arsenic, and T had to go through the whole of the preparatory
processes of chopping up the tripes, boiling with potash, filter-
ing, boiling with H C L and K O &L O, all which Kemp the
Practical says are useless and detrimental processes, invented
by chemists who want something to do. 11-12.—Prof.
Forbes is on Sound and Light day about, as Bob well knows,
and can tell you if he chooses. He (R. C.) has written an essay

1 At Oxford. * See above, p. 82,
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the three laws of Liberty, Equality, Fraternity, thus ex-
pressed :-—

1. That which can be done is that which has been
done; that is, that the possibility (with respect to the
agent) of an action (as simple) depends on the agent having
had the sensation of having done it.?!

2. That which ought to be done is that which (under
the given conditions) produces, implies, or tends to the
greatest amount of good (an excess or defect in the variables
will lessen the good and make evil).

3. Moral actions can be judged of only by the principle
of exchange; that is (1), our own actions must be judged
by the laws we have made-for others; (2), others must
be judged by putting ourselves in-their place.

22d March.

At Practical Mechanies' I have been turning Devils of
sorts. For private studies I have been reading Young's
Lectures, Willis’s Principles of Mechanism, Moseley’s Engineer-
ing and Mechanics, Dixon on Heat, and Moigno’s Répertoire
&' Optigue.  This last is a very complete analysis of all that
has been done in the ‘optical way from Fresnel to the end
of 1849, and there is another volume a-coming which will
complete the work. There is In it Desides common optics
all about the other things which accompany light, as heat,
chemical action, photographic rays, action on vegetables, ete.

My notions are rather few, as I do not entertain them
just now. I lave a notion for the torsion of wires and
rods, not to be made till the vacation; of experiments on the
action of compression on glass, jelly, ete., numerically done
up; of papers for the Physico-Mathematical Society (which
is to revive in earnest next session!); on the relations of
optical and mechanical constants, their desirableness, ete., and
suspension-bridges, and catenaries, and elastic curves. Alex.
(Jampbpll Aghew, and 1 are ftppomted to read np the subject

! Maxwell often iusisted on this in conv Lrsatlon, with especial
reference to our command of the muscles depending on experience of
the muscular sense.

K
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of periodical shooting stars, and to prepare a list of the pheno-
mena to be observed on the 9th August and 13th November.
The Society’s barometer is to be taken up Arthur’s Seat ab
the end of the session, when Forbes goes up, and All students
are invited to attend, so that the existence of the Society
may be recognised.

I have notions of reading the whole of Corpus Juris and
Pandects in no time at all; but these are getting somewhat
dim, as the Cambridge scheme has been howked up from
its repose in the regions of abortions, and is as far forward
as an inspection of the Cambridge Calendor and a communi-
cation with Cantabs.

Mzr. Bob is choosing his college. I rejected for him all
but Peter’s, Caius, or Trinity Hall, the last being, though
legal, not in favour, or lazy, or something. Caius is popu-
lous, and is society to itself.  Peter’s is select, and knows
the University., Please give me some notions on these
things, both for Bob and me. T postpone my answer to
you about the Gorham business till another time, when also
I shall have read Waterland on Regeneration, which is with
Mrs. Morrieson, and some Pusey books I know. In the
meantime I admire the Judgement as a composition of great
art and ingenuity.

What cross influences had delayed his entrance at
Cambridge may be guessed at, but cannot be clearly
known. Mr. Clerk Maxwell was always slow in mak-
ing up his mind, and the habit of inertia had grown
upon him. There had been a lingering expectation,
to which James alludes in the preceding letter, that
he would follow his father’s profession, and become a
member of the Scottish Bar. And although he himself
felt, as he told me at the time, that it was ‘another
kind of laws” he was called upon to study, the
practical result of this conviction was slow in assert



CHAP. V.]  OPENING MANHOOD—1847 To 1850. 131

ing itself. The fact that in going to Cambridge he
decided against the profession which his friends had
destined for him made the step a more serious one
than it might have otherwise been. The close and
constant intercourse between father and son made the
parting more difficult. James’s delicate health! would
count heavily amongst the reasons contra, and certain
floating prejudices about the ©“ dangers of the English
universities,” Puseylsm, infidelity, etc., had then con-
siderable hold, especially on the Presbyterian mind.
James himself was patient, and had hitherto decided
nothing for himself. = Only when Tait and Allan
Stewart were already at Cambridge, my brother
Robert destined for it, and myself at Oxford, his own
voice was added to those which had long been urging
the claims of Cambridge,? and then they prevailed.
There had been searchings of heart on the subject as
early as April 1849, when the following entries occur
in the Diary :—

1 On this snbject the following entry from Mrs. Morrieson’s Diary is
of some interest :— 5th Decr. 1846.—L. and R. dined with Miss Cay.
James Maxwell has been under her care during his father's absence
and has been suffering very mueh from toothache and earache, in con-
sequence of cutting his eye-teeth——an extraordinary thing at 15.” To
which may be added the following from his father’s Diary :—* 1846,
Sa., Dec. 12.—Jas. still affected by the tooth. . . . Took a short walk,
and came back by Mr. Nasmith (dentist), and went in, and on consulta-
tion, got the tooth drawn at once—it was nicely and quickly done, and
Jas. never winced.”

2 Amongst these may be specially mentioned Mr. Hugh Blackburn
and Dean Ramsay. Professor Forbes and Charles Mackenzie were
also interested in the question. Professor Blackburn, in particular,
insisted that the mathematical discipline of Cambridge would enable
him to exercise his genius more effectively.
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T. 17.—Called on Hugh Blackburn to talk about Cam-
bridge.

W. 18.—Called on Capt. Wemyss to talk of Cambridge,
and Prof. Forbes called on me and had a talk on James’s
studies, etc.

The only other document at my command which
bears upon the point is a journal kept by my mother,
then Mrs. Morrieson, in which she occasionally noted
matters relating to her sons’ friends. She was herself
at this time (1850) making inquiries about Cambridge
for my brother Robert. - The following entries may be
quoted :—

1850. 1st Apri—James Clerk Maxwell came in full of
Forbes’s recommendation of Trinity College above all others
at Cambridge, and that Peterhouse was less expensive than
Caius; that the latter is teo full to admit of rooms, and
freshmen are obliged to lodge out.

98th October—1 had a kind letter from Mr, C. M., from
Glenlair, after placing his son James at Peterhouse. He
has already distinguished himself at HEdinburgh by papers
on the compression of solids, and other scientific subjects,
read for him at the Royal Society. His manners are very
peculiar; but having good sense, sterling worth, and good
humour, the intercourse with a College world will rub off
his oddities. I doubt not of his becoming a distinguished
man.

January 1851.—James Clerk Maxwell often comes in.
He is full of genius. He went to Cambridge with Robert in
October, R. to Caius, James to Peferhouse; but he is
“migrating” to Trinity, and I have no doubt he will be a
distinguished Philosopher some day.

In concluding the account of this period, I again
beg leave to quote from Professor Tait’s excellent

paper (—
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The winter of 1847 found us together in the classes of
Forbes and Kelland, where he highly distinguished himself,
With the former be was a particular favourite, being
admitted to the free use of the elass apparatus for original
experiments. He lingered here behind most of his former
associates, having spent three years at the University of
Edinburgh, working (without any assistance or supervision)
with physical and chemical apparatus, and devouring all sorts
of scientific works in the library.! During this period he
wrote two valuable papers, which are published in our
Dransactions, on The Theory of Rolling Curves and on The
Equilibrivan. of Elastic Solids.  Thus he brought to Cam-
bridge, in the autumn of 1850, a mass of knowledge which
was really immense for so-young a man, but in a state of dis-
order appalling to his methodical private tutor”? Though that
tutor was William Hopkins, the pupil to a great extent took
his own way, and it may safely be said that no high wrangler
of recent years ever entered the Senate-house more imper-

1 « From the University Library lists for this period it appears that
Maxwell perused at home Fourier’s Theorte de lo Chalewr, Monge’s
Géometric Descriptive, Newton's Optics, Willis's Prenciples of Mechanism,
" Cauchy’s Calenl Différenticl, Taylor's Seientific Memoirs, and many other
works of a high order. Unfortunately mo record is kept of books con-
sulted in the reading-room.”

2 On the cther hand it should be mentioned (though the statements
are not contradictory) that Hopkins used to say he had never, known
Maxwell “make a mistake,” 7,e. he never misapprehended the condi-
tions of any problem. Of this fact, which was communicated to me by
my brother, I have since received the following confirmation from Mr.
W. N. Lawson, of the Equity Bar :—Mr. Lawson quotes from a diary
kept by himsclf at the time—“July 15, 1853.—1Ile (Hopkins) was
talking to me this evening about Maxwell. He says he is unquestion-
ably the most extraordinary man he has met with in the whole range
of his experience ; he says it appears impossible for Maxwell to think
incorrectly on physical subjects ; that in his analysis, however, he is far
more deficient ; he looks upon him as a great genius, with all its
eccentricities, and prophesies that one day he will shine as a light in
physical science, a prophecy in which all his fellow-students strenuously
unite.”
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fectly trained to produce paying” work than did Clerk
Maxwell.  But by sheer strength of intellect, though with
the very minimum of knowledge how to use it to advantage
under the conditions of the Examination, he obtained the
position of Second Wrangler, and was bracketed equal with
the Senior Wrangler in the higher ordeal of the Smith’s
Prizes. His name appears in the Cambridge Calendar as
Maxwell of Trinity, but he was originally entered at Peter-
house, and kept his first term there, in that small but most
ancient foundation which has of late furnished Scotland with
the majority of the professors of mathematics and natural
philosophy, in her four universities.

To the books mentioned by Professor Tait in his
footnote should be added Poisson’s Mechanics, which
was taken out from the Advocates’ Library 6th March
1848, and carried off into the country. A copy of
Fourier's Theorie de la Chaleur was ordered through
Maclachlan, 6th April 1849, for 25s.

LETTERS, APRIL TO SEPTEMBER 1850.

To Lewis CAMPBELL, Esq.

Glenlair, 26th April 1850,

As T ought to tell you of our departure from Edinburgh
and arrival here, so I ought to tell you of many other
things besides. Of things pertaining to myself there are
these:—The tutor of Peterhouse has booked me, and I am
booked for Peterhouse, but will need a little more booking
before I can write Algebra like a book. '

I suppose I must go through Wrigley’s problems and
Paley’s Evidences in the same sort of way, and be able to
translate when required Eurip. Iph. in Aulid. In the
meantime I have my usual superfluity of plans.

1. Classics—Eurip. I¢. ev Avh. for Cambridge. (I hope
no Latin or Greek verses except for honours)  Greek
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Testament, Epistles, for my own behoof, and perhaps some of
Cicero e Officiis or something else for Latin.

2. Mathematics— Wrigley’s Problems, and Trig. for Cam-
bridge ; properties of the Ellipsoid and other solids for
practice with Spher. Trig. Nothing higher if I can help it.

3. Nat. Phil—Simple mechanical problems to produce
that knack of solving problems which Prof. Forbes has
taught me to despise. Common Optics at length; and for
experimental philosophy, twisting and bending certain glass
and metal rods, making jellies, unannealed glass, and crystals,
and dissecting eyes—and playing Devils,

4. Metaphysics — Kant’'s Kritek of Pure Reason in
German, read with a determination to make it agree with
Sir W. Hamilton.

3. Moral Philosophy—Metaphysical principles of moral
philosophy. Tobbes' Leviathan, with his moral philosophy,
to be read as the only man who has decided opinions and
avows them in a distinet way.  To examine the first part of
the seventh chapter of Matthew in reference to the moral
principles which it supposes, and compare with other
passages. :

But I question if I shall be able to overtake all these
things, although those of different kinds may well be used
as alternate studies.

I read in Edinburgh Wilson’s Poems to see what he
used to be like, and how much he had improved since then.
Did you finish Festus?! I had only two days to read it,
so that I skipped part of the long speech and a good deal of
the jollification, which I think the dullest part of the book.

The opening makes one think that it is to be an imita-
tion of the book of Job, but you soon see that you have to
do with a dreamy mortal without a profession, but vain
withal, and a hero among women, a jolly companion of some
men, admired of students for talking of things which he
knows not, nor can know, having a so-called philosophy, an
intuitive science, and an underived religion, and with all
these not perfect, but needing more expanded views of the

' Festus, a poem by Philip James Bailey, 1849.
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folly of strict virtue and outward decency, of the magnifi-
cence, nay, of the duty of sinning, and of the identity of
virtue and vice, and of all opposites. He takes for his
friend one whom Wilson calls a very poor devil, who has
wonderful mechanical powers, but never attempts but once
the supposed object of his visit to earth, namely, tempta-
tion. He takes a more rational view of affairs than Festus
in general, but is so extremely refined from ordinary devils,
that the only passage suflticiently characteristic for ordinary
rapid readers to recognise is the sermon to the crowd, as the
speech in Hell is quite raw. Te has not such an absolute
and intuitive sense of things as Festus, and does not change
so much according to his company. He seems a sincere,
good-natured, unselfish devil; while: Festus is very change-
able, solemn when alone, jolly when with the jolly, drunk
with the drunk, open with TLucifer, reserved in good com-
pany, amorous with all women, talkative and serious with
all angels and saints, stern towards the unfortunate, and in
all his affections altogether selfish.

The book is said to have a plan, but no plot. The plan
is an exposition of the state of a man’s mind after having
gone through German metaphysics. It was one destitute of
notions, and has now been convinced that all these notions
are one and the same. It is neither meat, nor drink, nor
rank, nor money, nor any common thing he wants: “ he is
sure it isn’t,” and he is sore troubled for want of some great
thing to do; and when L——r starts into proximity he is
the very being he wanted to speak to; “he knew who 1§
would be,” and recognises him at once. An opportunity is
thus given for showing two ways of thinking about things,
and therein lies the matter of the book. This may be seen
in L—’s sermon and Festus’ prayer. To turn and get
out of the confusion of this letter, pray let me hear your
opinion of the book. It may be considered thus:—

1. People read the book and wonder, why ?

It is not read for the sake of the story—that is plain;
nor for the clearness with which certain principles are
developed, nor for the consistency of the book, nor for the
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variety of the characters ; there must therefore be something
overpoweringly attractive to hold you to the book. Some
say he has fine thoughts, sufficient to set up fifty poets; to
which some may answer, Where are they? Read it in a
spirit of cold criticism, and they vanish. There is not one
that is not either erroneous, absurd, German, common, or
Daft. Where lies the beauty? In the reader’s mind.
The author has evidently been thinking when he wrote it,
and that not in words, but inwardly. The benevolent reader
is compelled to think too, and it is so great a velief to the
reader to get out of wordiness that he can put up with
insanity, absurdity, profanity, and even inanity, if by so
doing he can get into rapport with one who is so trans-
cendental, and yet so easy to follow, as the poet. When
Galileo set his [lamp] a-swinging by breathing on it, his power
lay in the relation between the interval of his breaths and
the time of vibration ; so in Festus the mind that begins to
perceive that his train of thoughts is that of the poem is
readily made to follow on. There are some passages where
one breaks loose, especially the rhyming description of the
subpcenaing of the planets; and the notion of the angel of the
earth giving Festus a pair of bracelets, and the way in
which ¥. improves his mind by travel.

. . . Beanty is attributed to an object when the subject
anticipates pleasure in it. A true pleasure is a conscious-
ness of the right action of the faculty or function or power.
Happiness is the integral of pleasure, as wisdom is of know-
ledge. . . . Dow’t take all this about Festus for truth, as I
don’t believe much of it, and I'll maybe tell you a new story
if you tell me one.

What of St. Peter, as compared with the Keys and with
Bob?!?

FroM Pror. FORBES.
Edinburgh, jth May 1850.

My DEAR Sir—Professor Kelland, to whom your paper
was referred by the Council R. S, reports favourably upon

! /e 1s Robert Campbell going to Peterhouse or Caius ?
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it, but complains of the great obscurity of several parts, owing
to the abrupt tromsitions and want of distinction between
what is assumed and what is proved in various passages,
which he has marked in pencil, and which I trust that you
will use your utmost effort to make plain and intelligible.
1t is perfectly evident that it must be useless to publish a
paper for the use of scientific readers generally, the steps of
which cannot, in many places, be followed by so expert an
algebraist as Prof. Kelland ;—if, indeed, they be steps at all
and not assumptions of theorems from other writers who are
not quoted. You will please to pay particular attention to
clear up these passages, and return the MS, by post to Pro-
fessor Kelland, West Cottage, Wardie, Edinburgh, so that he
may receive it by Saturday the 11th, as I shall then have
left town.—Believe me, yours sincerely,
JAMES D. ForBEs.

To L. CaMprBELL, Esq.
[June? 1850]

As there has been a long truce between us since I last
got a letter from you, and as I do not intend to despatch
this here till T receive Bob’s answer with your address, I
have no questions to answer; and any news would turn old
by keeping, so 1 intend briefly to state my country occu-
pations (otherwise preparation for Cambridge, if you please).
I find that after breakfast is the best time for reading Greek
and Latin, because if I read newspapers or any of those
things, then it is dissipation and ruin; and if I begin with
props, experiments, or calculations, then I would be continu-
ally returning on them. At first I had got pretty well
accustomed to regular study with a Dictionary, and did
about 120 lines of Eurip. a day, namely, 40 revised, 40 for
to-day, and 40 for to-morrow, with the looking up of to-
morrow’s words. As I am blest with Dunbar’s Lexicon, it
is not very highly probable that I will find my word at all;
if T do, it is used in a different sense from Dunbar's (so
much the better), and it has to be made out from the con-
text (either of the author or the Dictionary). So much for
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regular study, which I have nearly forgot, for when I had
got to the end of the first chorus I began to think of the
rods and wires that I had in a box. They have entirely
stopped Hurip., for I found that if I spent the best part of
the day on him, and took reasonable exercise, I could not
much advance the making of the apparatus for tormenting
these wires and rods. So the rods got the better of the Lexi-
con. The observations on the rods are good for little till
they are finished; they are of three kinds, and are all
distingnished for accuracy and agreement among themselves.
Thus—a rod bent by a weight at the middle takes the
form of a curve, which is calculated
to be one of the fourth order, Let C
A C B be the rod bent by a weight
at C. Mirrors fastened to it at' A
and B make known the changes of
the inclination of the taungent to
the rod there, and a lens at O projects an image of a copper
scale of inches and parts from A to B, where it is observed,
and so the defleetion of the rod at C becomes known. Now
the ecalculated value of the elasticity deduced from the
deflection ditfers from that deduced from the observations
on the mirrors by about 14 of either, and as the deflection
at C was about 1- inch, the difference of the observed and
calculated deflections is about 44 of an inch, which is near
enough for home-made philosophical instruments to go.
Thus yon see I would run on about rods and wires,
and weights, angles, and inches, and copper and iron, and
silvered glass, and all sorts of practicalities. "Where is now
Furip.2—Ay, where 2 On the top of the Lexicon, and behind
bundles of observations and calculations. When will he
come out ? for he was a good soul after all, and wise (beg his
pardon, wiser). For the rest I have been at Shakespeare and
Cowper. T used to put Thomson and Cowper together (why ?),
and Thomson first ; now they are reversed and far asunder.
As T suppose my occupations are not very like yours, I
pray you send me an account of what Oxford notions you
have got, either from Oxonians, books, or observation; and



140 JAMES CLERK MAXWELL. [cEAP. V.

as, if I was to question you, you could but answer my
questions, I leave you to question yourself and send me
some of the answers.

The only regular College science that I have thought
of lately is Moral Philosophy. Whether it is an Oxford
science I know not; but it must be, if not taught, at least
interesting ; so I purpose to fill up this letter with unuttered
thoughts (or crude), which, as they are crammed into words,
may appear like men new waked from sleep, who leap in
confusion into one another’s breeches, hardly fit to be seen
of decent men. Then think not my words mad if their
clothes fit them not, for they have not had an opportunity
of trying them on before,

There are some Moral' Philosophers whose opinions are
remarkable for their general truth and good sense, but not
for their utility, fixity, or novelty.

They tell you that in all your actions you ought to be
virtuous, that benevolence is a virtue, that lawful rulers
ought to be obeyed, that a man should give ear to his con-
science.

Others tell you of unalterable laws of right and wrong,
of Eternal truth and the Everlasting fitnesses of things.
Others of the duty of following nature, of every virtue
between two vices (Aristot.), and of the golden mean. That
a man should do what is best on the whole (1) for himself;
(2) for other men only, and not himself; (3) for the whole
universe, including himself, and so on. Now I think that
the answers to the following questions should be separate
parts of M. Ph..—

1. What is man? This is the introduction, and is
called statical or proper Metaphysics.

2. What are the laws of human action? Action being
all that man does—thought, word, deed.

3. What are the motives of human actions ?

4. What actions do men perform in preference to what
others, and why ?

5. What is the principle by which men judge some
actions right, others wrong?
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6. What do particular men think of this principle ?
‘What are their doctrines ?

7. What is the best criticism of right and wrong, or
what (to us) is absolute right ?

8. What are the best motives of human actions ?

9. How are these motives to be implanted without
violating the laws of human action ?

10. What might, or rather what ¢/, mankind become
after this has been effected ?

Moral Philosophy differs from Nat. Phil. in this, that
the more new things we hear of in Nat. Phil. the better; but
in Mor. Phil. the old things are best, so that a common
objection to Mor. Phil. is that everybody knows it all before.
If a man tells you that tyranny and anarchy are bad things,
and that a just and lawful government is a good thing, it
sounds very fine, but only means that when men think the
government bad from excess or defect they give it the name
of tyranny and anarchy.  The ancient virtue of Tyrannicide
was a man’s determination to kill the king whenever he dis-
pleased him. Thus it is easy to call a dog a bad name to
beat him for. But there are other parts of Mor. Phil. in
which there are differences of opinion, such as the nature
of selfishness, self-love, appetites, desires, and affections, dis-
interestedness (what a word for a rush at!), which belong
to the first three questions, and so on. I have told you
something (p. 129) of three laws which I had been con-
sidering. In all parts of Mor. Phil. these three laws seem
to meet one, and in each system of Morals they take a
different form. Now, that I might not deceive myself in
thinking that I was safe out of the hands of the philosophers
who argue these matters, I have been looking into the books
of Moralists the most opposed to one another, to see what it
is that makes them differ, and wherein they agree. The
three principles concerning the nature of man are continually
changing their shape, so that it is not easy to catch them in
their best shape. Nevertheless:

Lemma: Metaphysics.—A man thinks, feels, and wills,
and therefore Metaphysicians give him the three faculties of
cognition, fealing, and conation,
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Coguition is what is called Understanding, and is most
thought of generally.

Feelings are pleasures, pains, appetites, desires, aversions,
approval and disapproval, love, hate, and all affections.

Conations are acts of will, whatever they be.

Now to move a man’s will it is necessary to move his
affections. (How? Wait!) For no convictions of the
understanding will do, for a man does what he likes to do,
not what he believes to be best for himself or others. The
feelings can ouly be moved by notions coming through the
understanding, for cognition is the only inlet of thoughts.
Therefore, although it can be proved that self-love leads to
all goodness, or, in other words; that goodness is happiness,
and self loves happiness, yet it can also be proved that men
are not able to act rightly from pure self-love; so that though
self-love is a very fine theoretical principle, yet no man can
keep it always in view, or act reasonably upon it. Now,
most moralists take for granted that the end which men,
good or bad, pursue is their own happiness, and that happi-
ness, false or true, is the motive of every action, and that it
is the only right motive. Others say that benevolence is
the only virtue, and that any action not done expressly for
the good, of others is entitled to no praise.

Most of the ancients, and Hobbes among the moderns,
are of the first opinion. Hutcheson and Brown (I think) are
of the second, and call the first selfish Philosophers and the
selfish school. A few consider benevolence to the whole
universe as the proper motive of every action, but they all
(says Macintosh) confound men’s motives with the criterion of
right and wrong, the reason why a thing is right, and that
which actually causes a man to do it. In every book on Moral
Philosophy some referenceis made to that precept or maxim,
which is declared to be the spirit of the law and the pro-
phets (see Matt. vii. 12), and the application of it is a good
mark of the uppermost thoughts or mode of thinking of the
author.

Hobbes lays down as the first agreement of men to
secure their safety, that a man should lay down so much
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of his natural liberty with respect to others, as he wishes
that other men should to him. Hobbes having shown that
men, in what the poets and moralists call a state of nature
(that is, of equality and liberty, and without government),
must be in a state of war, every man against every other,
and therefore of danger to every man, deduces the obligation
of obeying the powers that be from the necessity of Power
to prevent universal war. Adam Smith’s theory of Moral
Sentiments (which is the most systematic next to Hobbes)
is that men desire others to sympathise with them, and
therefore do those things which may be sympathised with;
that is, as Smith’s opponents say, men ought to be guided
by the desire of esteem and sympathy. Not so. Smith
does not leave us there, but I suppose you have read him,
as he is almost the only Scotch Moral Philosopher.

As it is Saturday night I will not write very much
more. 1 was thinking to-day of the duties of [the] cognitive
faculty. It is universally admitted that duties are voluntary,
and that the will governs understanding by giving or with-
holding Attention. They say that Understanding ought to
work by the rules of right reason. These rules are, or ought
to be, contained in Logic; but the actual science of Logic is
conversant at present only with things either certain, impos-
sible, or entirely doubtful, none of which (fortunately) we
have to reason on. Therefore the true Logic for this world
is the Caleulus of Probabilities, which takes account of the
magnitude of the probability (which is, or which ought to
be in a reasonable man’s mind). This branch of Math., which
is generally thought to favour gambling, dicing, and wagering,
and therefore highly immoral, is the only “ Mathematics for
Practical Men,” as we ought to be. Now, as human knowledge
comes by the senses in such a way that the existence of things
external is only inferred from the harmonious (not similar)
testimony of the different senses, Understanding, acting by the
laws of right reason, will assign to different truths (or facts,
or testimonies, or what shall I call them) different degrees
of probability. Now, as the senses give new testimonies
continually, and as no man ever detected in them any real
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inconsistency, it follows that the probability and credibility
of their testimony is increasing day by day, and the more a
man uses them the more he believes them. He believes
them, What is believing? When the probability (there is
no better word found) in a man’s mind of a certain proposi-
tion being true is greater than that of its being false, he
believes it with a proportion of faith corresponding to the
probability, and this probability may be increased or dimin-
ished by new facts. This is faith in general. When a man
thinks he has enough of evidence for some notion of his he
sometimes refuses to listen to any additional evidence pro or
con, saying, “It is a settled question, probatis probaie; it
needs no evidence; it is certain.” This is knowledge as
distinguished from faith.”  He says, “1I do not believe; I
know.” “If apy man thinketh that he knoweth, he knoweth
yet nothing as he ought to know.” This knowledge is a
shutting of one’s ears to all arguments, and is the same as
“ Implicit faith” in one of its' meanings. ¢ Childlike faith,”
confounded with it, is not credulity, for children are not
credulous, but find out sooner than some think that many
men are liars. I must now to bed, so good night ; only please
to write when you get this, if convenient, and state the prob-
ability of your coming here. 'We perhaps will be in Edin-
burgh when the Wise men are there. Now you are invited
in a corner of a letter by
JamMES CLERK MAXWELL.

(lenlair, 16th September 1850.
Professor W. Thomson has asked me? to make him some
magne-crystallic preparations which I am now busy with.
Now, in some of these bismuth is required, which is not to
be found either in Castle-Douglas or Dumfries. 1 have,
therefore, thought fit to request you, and do now request

1 This request had probably some connection with the meeting of
the “wise men” in Edinburgh. Maxwell had been present, and had
spoken in Section A. Professor Swan remembers the surprise felt by
all but Forbes at seeing the beardless stripling rise to dispute some
point in the colour theory with Sir David Brewster.
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you, during your transit through' Edinburgh on your way
here, to go either to Mr. Kemyp’s establishment in Infirmary
Street, beside the College, or to some other dealer in metals,
and there purchase and obtain two ounces of metallic bismuth
(called Regulus of Bismuth), either powder or lumpish-—all
one. Thus you may perceive that the end of this letter is
in two ounces of Regulus of Bismuth, that is, the metal
bismuth, which if you do bring it with you, will please me
well.  Not that I am turned chemist. By no means; but
common cook, My fingers are abominable with glue and
chalk, gum and flour, wax and rosin, pitch and tallow, black
oxide of iron, red ditto and vinegar, By combining these
ingredients, I strive to please Prof. Thomson, who intends
to submit them to Tyndall and Knoblauch, who, by means
of them, are to discover the secrets of nature, and the origin
of the magne-crystallic forces.

Now, if by coming here you could turn me from a cook
to a grammmarian by an irresistible influence you would do
well ; but if you remember the way I used to translate at
the Academy, distorting the Latin of Livy to mean what I
had preconceived, you will understand that at first I had
not only to find out what the author meant, but to become
convinced that it could not bhe what I thought it was.

John Wilson's lectures on Moral Philosophy do not
improve on reconsideration ; they become indistinct and are
resolved into the excellence of happiness, the acquiredness
of conscience, and general good-humour, philanthropy and
¢ ayabia. Here is an outline of Abstract Mor. Phil. :—

1. The principles of the growth of the mind (that is,
the acquisition of opinions, propensities, and abilities).

2. The principles of government (the governor suits his
actions to the laws of the thing governed).

3. The principle of sympathy (sauce for goose is sauce
for gander). ‘

Out of these heads may one make something ?

As it is bed-time, and I have to put the glue and oxide
of iron into shape to-night, I must stop here, and remain in
hope of seeing you soon (say when).

L
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CHAPTER VL

UNDERGRADUATE LIFE AT CAMBRIDGE—OCTOBER 1850 TO
JANUARY 1854—&T, 19-22,

Berore placing his son at Cambridge Mr. Clerk
Maxwell had, as was usual with him, consulted various
persons, including Professor James Forbes and Pro-
fessor Kelland of Edinburgh, Professors Thomson and
Blackburn of Glasgow, and Charles Mackenzie, after-
wards Bishop of Natal, then a Lecturer of Caius
College, Cambridge.!  Forbes strongly advised Trinity,
and offered an introduction to Whewell ; but after
various reasons urged for Trinity, Caius, and Peter-
house, the decision was in favour of Peterhouse.
Maxwell’s first impression of college life, like that
of some other clever freshmen, was not one of un-
alloyed satisfaction. He was transplanted from the
rural solitudes of Galloway into the midst of a society
which was of curious Interest to him, but did not
make him feel immediately at home. He found him-
self amongst the freshmen spelling out Euelid again,
and again ‘ monotonously parsing” a Greek play.
He bad brought with him his scraps of gelatine, gutta-

1 He was the younger brother of Mr. Mackenzie of Silverknowe,
who had married Isabella Wedderburn,
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percha, and unannealed glass, his bits of magnetised
steel, and other objects, which were apt to appear to
the uninitiated as “matter in the wrong place.”
And this in the home of science! Nor were his
experiments facilitated by the casual “ dropping-in”
of the average undergraduate.

His boyish spirits and his social temper, together
with the novelty of the scene, and a deep-rooted pre-
sentiment of the possibilities of Cambridge, no doubt
made even his first term a happy one. But there
was an undercurrent of restlessness and misgiving.
And this made him lend a readier ear to the advice
which was pressed upon him from various quarters,
that he should migrate to Trinity.

The ground of this advice was simply that from
the large proportion of high wranglers at Peterhouse,
and the smallness of the foundation, the chances of a
fellowship there for a mathematical man were less
than at Trinity College.  And this was the reason
which, together with his son’s evident wish, most
weighed with Mr. Clerk Maxwell. He was also
struck with the fact that « Porter senior,” who about
this time became Maxwell’s private tutor, recom-
mended the change, although he himself belonged to
Peterhouse.  But the friend whose counsel in this
whole matter was most prized both by father and son
was Charles Mackenzie, of whom one who was his
colleague at Caius has said that he was “ the best of
all men whom he had known.”

On Maxwell’'s own mind, it need hardly be said,
the prospect of a fellowship had little or no influence,
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except in so far as he desired to please his father.
His own prime motive was undoubtedly the hope, in
which he was not disappointed, that the larger College
would afford him ampler opportunities for self-im-
provement.
To Lewis CamMPBELL, Esq.
St. Peter’s College, 18th Oct. 1850.

You tell me to lay my account with being dull af first,
and to condole with Robert, whereas there is continual
merriment (stop it!), and Robert is not settled yet. As for
secrets of mature, they are not for Freshmen even to think
of. Now for personal journal, with observations on the
manners and customs, ete. . . .

We spent the night at Peterborough, and saw the
Cathedral in the morning,  Very grand outside, West end
a fine subject for calotype seen right perpendicular, and the

point P for a picture made by hand, fine weeping -
Cﬁj willows, ete.

Ji)roceeded to Ely with some Gloucester people we met
in the Cathedral, and inspected Ely Cathedral like regular
Archbishops. Went up the steeple to see land like sea.
Heard all the people talking of the enclosure of the Wash
to be called Victoria county, and to be worth 30s. per acre.
Got to Cambridge, and called on Mr. Fuller,! after getting
room for my father (as the Bull was full) in a lodgement,
Got rooms in College, sitting and bed, six paces from Chapel.
and good light. Had Tait to tea. Next day breakfast with
Tait and Steele (of Glasgow and Iveland, and a future
wrangler), and so on in detail.

M Kenzie came up to-day. He took us to most of the
colleges. Saw Newton and Bacon in Trin. Chapel. At
Hall there was a proclamation to this effect nearly:—
Whereas (on the — day of —, 1850), application was
made to the Syndicate (ov Senate or something), by William
Cooke, for leave to erect his equestrian establishment; and

1 Then Tutor of Peterhouse, now Professor Emeritus of Aberdeen.
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whereas, considering the immoral nature of said establish-
ment, it was unanimously resolved to refuse leave. And
whereas, notwithstanding said refusal, said W. C. did
publicly notify his intention of putting up said estab.:
Be it known, etc, that it is resolved and enacted, that
if any undergraduate or graduate in statu pupillari, or
tutor, or fellow, or master, etc, be caught at said estab-
lishment, he will be punished with expulsion, rustication,
Castigation, or such other punishment as the case may
require.!

So there is to be a quarrel between the Town and
University about this, and also about whether they are to
pay poor rate, as the University is supposed to be extra-
parochial.

Prelim. exam. to-morrow at 9,  Peter can’t afford to
pluck at it. C. H. Robertson has past kés at Trin, He is
in Ling’s lodgings. He wants to keep quiet and to read by
himself, and have only old acquaintances.

To A FRIEND SUFFERING FROM DEPRESSION.

Hope to write you more again; but to conclude and get
to bed: You are always talking of your withering up,
awful change, etc. Now I have not a sermon on this sub-
ject by 1ine, neither will I deliver an extempore one; but
though I do mot pretend to have examined you in all the
branches, yet I would take the liberty to say that with re-
spect to intellect, as the Laird of Dumbiedykes said, “ 1
be growing when ye're sleeping,”~—that is to say, what you
take for corruption and decay is only stratification.?

The letters written to his father by Maxwell while
an undergraduate at Cambridge have unfortunately
disappearcd. But something of their tenor may be

! Contrast with this the following entry in the Diary:—* 1842,
Feb. 19. Saturday.~—Go with James to Cooke’s Circus at 2 PM. at
York Hotel, Arena—abeing James’s first time of seeing such entertain-
ments.” ? See above, p. 113, note.
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gathered from Mr. Maxwell’s letters to his son. The
following extracts are related to his first term at

college :—
From HIS FATHER.

Glenlatr, 22d October 1850.

Did Prof. Thomson catch you, and view your « dirt ;” !
and 1if so, what thought he thereof?

Glenlatr, 30th October 1850.

Who is the lecturer in the Greek play? Did T see
him while at Cambridge? I am sorry to hear the Greek
class is a bad one, for you would have got more good of it
if [it] had required you to.work to maintain a good position
in it; but you should study your part well, for it is not
comparative excellence, but absolute, that will be of use in
University competitions.

Glenlair, 8th Novr, 1850,

You say your lecturer in Greek is good, so 1 hope you
profit accordingly, altho’ your cla