James Clerk M axwell, essay on Determinism and Free
Will (1873),

Summary: Maxwell's essay contains the essentia ideas of modern chaos theory such as
"sengtive dependence to initid conditions’. He goes on to argue that this favors aworld-
view which indudes free will. [An article by Brian R. Hunt and James A. Y orke,
"Maxwell on Chaos', in Nonlinear Science Today 3, 1 (1993), first alerted meto
Maxwell's views on these issues|

Below are excerpts from his essay recorded on p.362- 366 of

TheLife of James Clerk Maxwell, with selections from his correspondence and
occasional writings, by Lewis Campbell and William Garnett (MacMillan and Co.,
London, 1884).

Does the progress of Physical Science tend to give any advantage to the opinion
of Necessity (or Determinism) over that of the Contingency of Events and the
Freedom of the Will?

Delivered in Cambridge, 11th February 1873.

...Much light may be thrown on some of these questions by consideration of
dability and ingtability. When the gate of things is such thet an infinitdly smal
vaidion of the present state will dter only by an infinitdly small quantity the

date at some future rime, the condition of the system, whether itisat rest or in
moation, is sad to be stable; but when an infinitdly smdl variation in the present

date may bring about afinite difference in the Sate of the sysem in afinite time,
the condition of the system is said to be ungtable.

It is manifest that the existence of unstable conditions renders impossible the
prediction of future events, if our knowledge of the present sateisonly
approximate and not accurate. It has been well pointed out by Professor Balfour
Sewart that physica gability isthe characterigtic of those systems from the
contemplation of which determinists draw their arguments, and physica

ingability that of those living bodies, and mora ingtability that of those

deve opable souls, which furnish to consciousness the conviction of free will.
Having thus pointed out some of the relations of physicd science to the question,
we are the better prepared to inquire what is meant by determination and what by
freewill.

No one, | suppose, would assign to free will amore than infinitesma range. No
leopard can change his pots, nor can any one by merely wishing it, or, as some
say, willing it, introduce discontinuity into his course of existence. Our free will at
the best islike that of Lucretiuss atoms---which at quite uncertain times and
places deviate in an uncertain manner from their course. In the course of this our
mord life we more or less frequently find ourselves on aphysicad or mord
watershed, where an imperceptible deviation is sufficient to determine into which
of two valleys we shal descend. The doctrine of free will assertsthat in some



such cases the Ego done isthe determining cause. The doctrine of Determinism
assartsthat in every case, without exception, the result is determined by the
previous conditions of the subject, whether bodily or mental, and that Ego is
migtaken in supposing himsdf in any way the cause of the actud result, as both
what heis pleased to call decisons and the resultant action are corresponding
events due to the same fixed laws...

The subject of the essay isthe rdation to determinism, not of theology,
metaphysics, or mathematics, but of physical science ---the science which
depends for its materid on the observation and measurement of visible things, but
which aims at the development of doctrines whose consistency with each other
shdl be gpparent to our reason...

For example, the rock loosed by frost and balanced on asingular point of the
mountain-sde, the little spark which kindles the greeat foret, the little word which
sets the world afighting, the little scruple which prevents a man from doing his
will, the little spore which blights al the potatoes, the little gemmule which
makes us philosophers or idiots. Every existence above a certain rank hasits
sngular points: the higher the rank the more of them. At these points, influences
whose physicad magnitude istoo smdl to be taken account of by afinite being,
may produce results of the greatest importance. All great results produced by
human endeavor depend on taking advantage of these singular states when they
occur.

Thereisatidein the affairs of men

Which, taken at the flood, leads on to fortune.
The man of tact says "the right word at theright time," and, "aword spoken in
due season how good isit!" The man of no tact is like vinegar upon nitre when he
angs his songs to a heavy heart. Theill-timed admonition hardens the heart, and
the good resolution, taken when it is sure to be broken, becomes macadamised
into pavement for the abyss.

It appears then that in our own nature there are more singular points---where
prediction, except from absolutely perfect data, and guided by the omniscience of
contingency, becomes impossible ---than there are in any lower organisation. But
sngular points are by their very nature isolated, and form no appreciable fraction
of the continuous course of our existence. Hence predictions of human conduct
may be made in many cases. First, with respect to those who have no character at
al, especidly when considered in crowds, after the statistical method. Second
with repect to individuas of confirmed character, with respect to actions of the
kind for which their character is confirmed.

If, therefore, those cultivators of physica science from whom the intelligent
public deduce their conception of the physicist, and whose style is recognised
marking with a scientific samp the doctrines they promulgete, are led in pursuit
of the arcana of science to the study of the singularities and ingtabilities, rather
than the continuities and gabilities of things, the promotion of natura knowledge



may tend to remove that prgudicein favour of determinism which seemsto arise

from assuming that the physical science of the future is a mere magnified image

of that of the past.
Other excerpts could eventudly include hisessay on " What is the Nature of Evidence
of Design?", ahymn he wrote, the sermon preached at his funerd, or his cautions about
theologica speculations from science.

James Clerk Maxwell and the Christian
Proposition
lan Hutchinson

MIT IAP Seminar: The Faith of Great Scientists, Jan 98

1. Introduction

Two greet British scientists dominate the intellectud landscape of dectrica science, and
indeed dl of physics, in the nineteenth century, Michad Faraday and James Clerk
Maxwell. 1t would be hard to imagine two more contrasting persondities.

Faraday was English; Maxwe | Scottish. Faraday was the son of a poor blacksmith;
Maxwell's father had inherited a substantial estate and hardly needed to practice the law
in which he had been trained. Faraday had no forma education; Maxwell had the finest
education available. Faraday never held a university position; Maxwell held
professorships at three of the mgor British universities. Faraday was one of the most
popular scientific lecturers of his day; Maxwell gained a poor reputation in the class-
room. Faraday knew practicaly no forma mathematics, Maxwell was one of the finest
mathematicians of histime. Faraday's research dominated e ectromagnetic experiments,
Maxwell's e ectromagnetic theory. The contrasts between these men could be multiplied
on and on. Y et they had one experience in common. Both were committed Chrigtians. It
is the purpose of this brief study to outline how the faith of James Clerk Maxwel and his
science were combined and how they may have influenced one another.

We should recal Maxwell's mgjor contributions to science. They extend over awide
variety of fidds, including optics, color vison, dadticity, and the behavior of the
dynamica top. The work that established him as aforemost naturd scientist was his
andydis of Saturn's rings, in which he showed that they could not be rigid but must be
made up of swarms of particles whose stability he analysed. Perhapsinspired by this
earlier work, Maxwell was aso the first person to apply the methods of probability to the
andysis of the properties of gases. He invented the idea of a ™ distribution function”



governing the velocities of the individua molecules of the gas, and proposed the
“Maxwdlian" (or sometimes " Maxwell- Boltzmann") expression for its equilibrium
form. Maxwell went on to work out concrete predictions that could be obtained from this
kinetic theory of gases, for example concerning the behavior of the viscosty, and he
performed experiments to confirm the predictions. However, the work by which heis
most remembered is his formulation of the equations that govern dectromagnetism:
Maxwell's equations. These led immediately to the prediction of dectromagnetic waves
and the consequent unification of dectromagnetism and light. Maxwdl's formulation of
eectromagnetic theory in differentid form and his championing of the fundamental

nature of thefield in contrast to the action-at-a-distance theories of hisday is, of course,
the basis of essentidly al of modern physics.

Besides his persond contributions, Maxwell founded and built the Cavendish Laboratory
of experimentd physics a Cambridge University, which was to be arguably the most
prolific physics department for at least the next fifty years.

2. Family and Youth

The reason why the normal reference isto James Clerk Maxwell, as opposed to just
James Maxwell, is bound up with a highly complicated inheritance of Jamess father,
John. The early Maxwells, owners of the enormous estate of Middlebie had attempted to
protect the estate from dismantlement by their subsequent heirs through a variety of lega
entanglements (entails), including the requirement that it could only be inherited by
someone bearing the name Maxwell. Despite these extreme measures, in the eighteenth
century, George Clerk [Maxwdl], by an act of parliament, succeeded in sdlling off dl but
ardatively small part, the 1500 acre estate in Galloway (southern Scotland) to cover
debts incurred in mining specuations his geologica interests had led him into. So it was
amuch more modest estate that John Clerk inherited in the early nineteenth century, but
one for which it was till well worth changing his name to John Clerk Maxwel. Thus,
when in 1826 Jamess father, at age 36, married Frances Cay, they settled at the edtate, to
become known as Glenlair, and determined to build a grand manor house and revive its
fortunes - anided outlet for John's scientific and technicd interests. (He was afelow of
the Roya Society of Edinburgh).

A daughter born to the Maxwels did not survive. But James was born on 13 July 1831 at
14 India St in Edinburgh.

Figure 1: Birthplace of Maxwell, 14 India &, Edinburgh.

For thefirst eight years of hislife, spent at the estate, a day's journey from the nearest

city (Glasggow), his education was entirely in the hands of his mother. He seemsto have
shown an agtonishing memory even in these early years. At eight he could recite long
passages of Milton and the whole of the 119th psalm (176 verses). Indeed his knowledge



of scripture was dready very detailed; he could give chapter and verse for dmost any
quotation from the psdms. Clearly, fromthis early age, adevout Chrigtian faith and
demanding mental discipline were, for Maxwell, part of the same experience.

He ds0 showed intense interest in the workings of everything. His standard question was
“What'sthe go o' that", which would be followed up immediatedly, if the answer did not
satisfy him, with " But what's the particular go of it". Thisinquisitiveness found many
outlets in the various outdoor activities that went on in the estate, particularly as his father
worked at its continua improvement through numerous projects. Undoubtedly his father's
patient informal tutoring was an abiding formative influence. For example, his mother
wrote about him (aged two and a half)

He has great work with doors, locks, keys, etc, and " Show me how it doos' is never out
of hismouth. He investigates the hidden course of streams and bell-wires ... and he drags
papadl over to show him the holes where the wires go through. [1]

Or, as his Nanny relates about a new tin plate,

It was abright sunny day; he held it to the sun and the reflection went round and round
theroom. ... Hesad, It isthe sun, papa; | got it in with thetin plate” His papatold him
when hewas alittle older he would let him see the moon and the stars, and so he did". [1]

By his own later testimony, James felt deeply the loss of his mother to cancer when he
was eight. Undoubtedly one effect of her desth was to draw James and his father even
closer together, abond of love and duty that defined much of Maxwell's early character.

3. Edinburgh Academy and University

A locd tutor was hired to continue James education, but this was completely
unsatisfactory. The tutor tried unsuccessfully to obtain his pupil's attention and obedience
through various physica forms of coercion. We may surmise that the harassment was not
al oneway. A drawing by James cousin Jemima Wedderburn shows James paddling his
floating washtub across the pond away from an unflatteringly portrayed tutor, who is
vanly trying to catch him.

Figure 2: Maxwell escaping his tutor in awashing tub.

This regime continued for two years until James aunt Jane (Cay), on avigt to Glenlair
reglized what was going on. The tutor was dismissed and in November 1841 Maxwell
was sent to the Edinburgh Academy, lodging with his father's widowed sister Mrs
Wedderburn, at 31 Heriot Row.

The Academy had been founded in 1824 by a group including Sir Walter Scott, to teach
al the ~branches of study which are essentid in the education of ayoung gentleman”. It
was certainly one of the most successful Scottish schools of its day (as has been detalled



by Goldman[2]) with an emphasis on Latin, Greek and Mathematics. By dl accounts,
however, the science teaching was extremely weak. The star pupils seemed to know more
than their teachers, perhapsin part as aresult of the the "Philosophica Society' they
formed to educate themselves.

Figure 3: Edinburgh Academy, 1828.

Maxwell seemsto have been amidfit during his early years at the Academy. He suffered
aserious ragging when he firgt arrived wearing rather origina clothing designed by his
father. His rugtic Gallowegian accent and stutter marked him out, and he early acquired
the nickname "Défty’, perhapsin reference to his quirky humor, (evident in letters) which
must have rendered much of his conversation unintelligible to boys of dower wit.

After two years of indifferent scholastic performance, Maxwell began to show his mettle.
He gained friends. Lewis Campbell, future Professor of Classicsat St Andrews
University and his eventua biographer, moved in afew doors away (27 Heriot Row).
P.G.Tait, future Professor of Natura Philosophy at Edinburgh Universty, struck up a
lifetime's friendship, the pair working together through mathematica problems, which
they referred to as propositions, or ~"props’ for short. He rediscovered for himsdlf the
perfect geometrica figures. He invented a method for drawing ““ovas', mathematicd
figures more complicated than dlipses, and through his father's influence at the
Edinburgh Roya Society, saw the work published under the sponsorship of Prof James
Forbes, of Edinburgh University.

At age 16, in October 1847, Maxwel | himsdf entered Edinburgh University. There, for
three years, he would learn not only Physics under Forbes lecturing (and aso through
more informa participation in the Iab), but dso the dominant theme of Edinburgh's
course: Philosophy. In this latter subject, the most powerful influence seemsto have been
the “"common sense" philosopher Sir William Hamilton, professor of Logic and
Metagphysics (not to be confused with the Irish mathematician William Rowan Hamilton,
whose name is perpetuated in Hamiltonian Dynamics). By dl accounts, sudents at
Edinburgh had substantid liberty for leisure or private study. From hislettersto
Campbell we can tdll that Maxwell took advantage of both.

... S0 | get up and see what kind of day it is, and what field works are to be done; then |
catch the pony and bring up the water barrel ... Then | take the dogs out, and then look
round the garden for fruit and seeds, and paddle about till breskfast time; after | that take
up Cicero and seeif | can understand him. If so, | read till | stick; if not, | set to Xen. or
Herodt. Then | do props, chiefly on rolling curves ... After props come optics, and
principdly polarized light. Do you remember our visit to Mr Nicol? | have got plenty of
unannedled glass of different shapes ... [3]

Thisindustry, and the breadth of this education are a critica part of Maxwell's gregtness,
especidly his philosophica sophidtication. Maxwell was by no means the narrow
scientific technician portrayed in many images of modern scientists. Nor was he the



shalow generdigt" produced by much modern Libera Arts education of today. When
he read Xenophon or Herodotus, it wasin the original languages.

Maxwell stayed longer than some of his contemporaries at Edinburgh, perhaps because it
took those three years for his father to reconcile himsdlf to James desire for a scientific
rather than alegal career. But in 1850 Maxwell departed Scotland for the foremost
British indtitution of scientific education, Cambridge University.

Figure 4: Y oung James Clerk Maxwell holding his color top.

4. Cambridge Undergraduate

Maxwell started his Cambridge career a Peterhouse, the oldest college. Cambridge
Universty had and sill has a collegiate system of living and tutoring, in which thereiis
subgtantia independence for the individua college foundations (which date back meny
centuries) while exams and lectures are centrdized for the universaity as awhole. Despite
subgtantid breadth of studiesin classcs and beyond, the chief objective of ambitious
undergraduates was to become a “Wrangler", that is, to obtain first class honorsin the
mathematical tripos (examination series). It is remarkable how dominant mathematics
was in the educationa system of the time, but it should be remembered that Newton was
Lucasian professor of mathematics in his day, just as Steven Hawking is today.
Mathematics at Cambridge for Maxwell encompassed al of physics aswell. Maxwell
soon moved to Trinity College for competitive reasons. His contemporary, E.J.Routh, at
Peterhouse was his equal at mathematics and so a clearer field to a college Felowship
after the tripos was advisable. There was no such formidable competition a Trinity.

Maxwell seems to have settled to this regimen with some restlessness. Early on, he wrote
to his father on one occasion:

Man requires more. He finds x and y innutritious, Greek and Latin indigestible, and
undergrads. nauseous. He starves while being crammed. He wants man's mest, not
college pudding. Is truth nowhere but in Mathematics? ... Must Nature aswell as
Revdation be examined through canonical spectacles by the dark-lantern of Tradition,
and measured out by the learned to the unlearned, al second-hand. [4]

Wha Maxwell seems to be complaining about here is the emphasis on technica mastery,
especidly of mathematics, characterigtic of the Cambridge education. But dso, heis
feding intellectudly congrained by the tradition heis required to study. In referring to
the scriptural canon he seemsto take for granted that Revelation (meaning God's
revelation to man) isto be examined by reference to the Bible, but is questioning whether
tradition's directed (dark-lantern) attention is the right approach to the study of nature.
We see herein the youthful Maxwell his wresiling with the balance between discipline
and innovation. He longs to progress past the traditiona studies to propound new



“propositions’. At the same time he does not discount the value of traditional study. He
immediately goes on to say,

| am also persuaded that the study of x and y isto men an essentid preparation for the
intelligent study of the materia universe ... That few will grind up these subjects without
the help of rules, the awe of authority, and a continued abstinence from unripe redlities.

Then Maxwel launchesinto a rambling philosophicd justification of academic sudy in
the context of this declaration,

| believe, with the Westmingter Divines and their predecessors ad Infinitum, that ~"Man's
chief end isto glorify God and to enjoy him for ever".

Thisis, of course, the keystone of the Presbyterian statement of faith.

Maxwel'sintdlectua understanding of his Christian faith and of science grew rapidly
during his Cambridge years. He joined the Apostles’, an exclusive debating society of
the intdlectud dite, where through his essays he sought to work out this understanding.

Eighteen monthsinto his Cambridge education, Maxwell gives us an ingght into his
views of Chrigtianity and academic research in aletter to Campbell[ 5]

Now my great plan, which was conceived of old, ... isto let nothing be wilfully left
unexamined. Nothing isto be holy ground consecrated to Stationary Faith, whether
positive or negative. All falow land isto be ploughed up and aregular system of rotation
followed. ... Never hide anything, be it weed or no, nor seem to wish it hidden. ... Again |
assart the Right of Trespass on any plot of Holy Ground which any man has set gpart. ...
Now | am convinced that no one but a Chrigtian can actualy purge hisland of these holy
§pots. ... | do not say that no Christians have enclosed places of this sort. Many have a
great dedl, and every one has some. But there are extensive and important tracts in the
territory of the Scoffer, the Panthelst, the Quietist, Formaist, Dogmeatist, Sensudist, and
the rest, which are openly and solemnly Tabooed. ...

Chridtianity - that is, the rdigion of the Bible - isthe only scheme or form of belief which
disavows any possessions on such atenure. Here done dl isfree. Y ou may fly to the
ends of theworld and find no God but the Author of Sdvation. Y ou may search the
Scriptures and not find atext to stop you in your explorations. ...

The Old Testament and the Mosaic Law and Judaism are commonly supposed to be
“Tabooed" by the orthodox. Sceptics pretend to have read them, and have found certain
witty objections ... which too many of the orthodox unread admit, and shut up the subject
as haunted. But a Candle is coming to drive out dl Ghosts and Bugbears. Let usfollow
thelight.

One reason for including so extensive (though till incomplete) a quotetion hereis that
Tolgtoy, one of Maxwell's modern biographers, and clearly someone with little sympathy
for religion, grotesquely misinterprets this letter, calling Maxwdl's conviction thet only a



Chrigtian can purge his land of these holy spots, “a professon of faith which it seemsis
going to be "wilfully left unexamined! Maxwell's rdigious convictions were clearly so
deeply imbedded he was unconscious of the inconsstency”[6]. Tolstoy isplainly
assuming, from his own materidist position, that religious convictions cannot be held
once "examined', and that Maxwel| is therefore bound to be inconsstent. But thisisthe
exact opposite of the more direct reading of Maxwel's satements. Maxwell believes that
Chridianity istrue and isindeed the one true " scheme”, and because of that status can
afford to open itsdf to the most complete examination, even of the most sengtive
tabooed spots, in away that no other system of belief can.

The extent to which Maxwell in fact ~"ploughed up" his Chrigtian beliefs and put them to
theintellectud test, can be judged only incompletely from hiswritings. But thereis
plenty of evidence, especidly from his undergraduate days, that he did degply examine
hisfaith. Certainly, his knowledge of the Bible was remarkable, so his confidence in the
Scriptures was not based on ignorance.

In the summer of histhird year, Maxwell spent some time at the Suffolk home of the Rev
C.B.Tayler, the uncle of a class-mate, G.W.H.Tayler. The family impressed Maxwell,
himsdf an only child, who later sad it gave him a glimpse of the Love of God, dbeit in
“awdl-regulated family” in which ~There was plenty of willing obedience but little
diligence: much mutud trugt, and little sdf-reiance’[7]. He fdl ill whilst there - the

illness subsequently being attributed to overwork - and was nursed for two weeks by the
minigter and hiswife. As his dlass-mate later recounted concerning the experience 8]

It was then that my uncle's conversation seemed to make such a deegp impression on his
mind. He had aways been aregular attendant &t the services of God's house. ... Also he
had thought and read much on religious subjects. But at thistime (as it gppears from his
own account of the matter) hisreligious views were greetly degpened and strengthened.

On hisreturn to Cambridge, Maxwell writes to his recent host a chatty and affectionate
letter induding the fallowing testimony[ 9],

... | have the capacity of being more wicked than any example that man could set me, and
.. iIf | escape, it isonly by God's grace helping me to get rid of mysdlf, partidly in

science, more completely in society, - but not perfectly except by committing mysdif to
God ...

Thisis athoroughly orthodox Chrigtian affirmation of dependence on God's grace for
sdvation from gn, but notice how Maxwel| identifies his stience as part of God's plan for
this salvation. We can only speculate about what thoughts along these lines he and Rev
Tayler had discussed during the days of his recuperation.

Despite the extreme- sounding confession, Maxwell was, by habit, a very kindly person.
A contemporary recounts how, when he was unable to read because of eye strain,
Maxwell helped him and " often gave up an hour of his recregtion time to read out to me
some of the book-work | wanted to get over"[10].



Maxwell was strongly influenced by Frederick Denison Maurice, aformer " Apostle’ and
the founder of the Chrigtian Socialist movement. Maurice became a cause célébrein
1853 by being deposed from his position at King's College London for heresy. (To do
with the meaning of the word eternd and whether religion must of necessity be obvious
to the unlearned as well asthe learned.) Maxwell did not adopt Maurice's theologica
positions as awhole 11], but he did become convinced of one of Maurice's key tenets,
that the dehumanization of the working classin an indudtridizing society was to be
prevented by a cooperative approach in which workers were given greater influence
though education. Maurice and his friends set up Working Men's Colleges, and Maxwell,
seeing thisas avitad Chrigtian service, taught Working Men's classes weekly till at least
1866.

It was thus as a young man of remarkable commitments that Maxwell passed hisfind
exams as Second Wrangler, ceding thefirgt position to his friend Routh but sharing with
him the prestigious Smith prize.

5. Trinity, Aberdeen, London

The year 1855 brought gppointment to a Fellowship at Trinity, the cares of nurang his
father through illness (though John was to die the following year), and, at its end, the
publication that launched Maxwell's e ectromagnetic researches. " On Faraday's lines of
Force". This paper, by drawing extensive mathematical anaogies with hydrodynamics,

hel ped to make respectable Faraday's " field" approach to eectricity, and showed how to
express magnetic induction in the differential formt that was later to prove the key to
electromagnetic waves and indeed al of field theory.

His Felowship at Trinity was brief. On 30 Apr 1856 Maxwell heard from his sponsor,
Forbes, that he was gppointed Professor of Natural Philosophy at Marischa College,
Aberdeen.

One of the most important of Maxwell's experiences at Aberdeen, where his research was
dominated by Saturn'srings, must have been meeting and eventualy marrying Katherine
Mary Dewar, the principal’s daughter. Not much is known about Katherine hersdf, and
Maxwel's later biographers conclude from the reticence of Campbell that she was not
well liked by Maxwell's friends. However, James relations with Katherine give some
useful ingghtsinto his spiritud life. Campbel|l gives us afew extracts from letters during
the last few months of their engagement in which, despite protesting hislack of skill in
scriptura expogtion, Maxwedl writes ingghtful explanations of passages from Gdatians,
Ephesians and Philipians that are dmost miniature sermong 12]. He refersto a Sunday
schoal class he taught while visting Lewis Campbell. Plainly Katherine and James
common Chridian faith was an important bond from the beginning of their marriage.
Talstoy, from his materidist viewpoint, is unable to understand that such spiritud
discourse might be a natural agpect of the continuing relationship of Chrigtian man and
wife, but it clearly was for the Maxwe I913].



Figure 5: Maxwdl and hiswife, Katherine, 1869.

Another aspect of Maxwell's character that is reveded in his marriage is the kindness and
compassion with which he nursed his wife through frequent indispositions. By the sound
of it, she was something of a hypochondriac, but James was ever the caring husband and
frequently sat up dl night to tend her, even during hisown find illness. Sheintun

nursed him through a dangerous atack of smal-pox, and later participated in some of his
experiments on color vison and on measurements of the temperature dependence of gas
viscosity, gpparently acting as coa stoker for the higher temperatures required!

In 1860 the two Aberdeen colleges were merged, and despite his seniority, Maxwell was
out of ajob. Thiswas dl to the good because he was amost immediately gppointed to the
chair at King's College London, where he remained till 1865.

Figure 6: Maxwel| a King's College London.

In the inaugurd lecture, which new professors traditionaly gave, Maxwell discourses on
various philosophical agpects of science, for example ~“whether the fundamenta truths of
Physics are to be regarded as mere facts discovered by experiment, or as necessary truths,
which the mind must acknowledge as true as soon as its attention has been directed to
them."[14] [On baance, Maxwell implies the latter, but asin much of his philosophica
writing, he isfar from clear about it.] He dso refersto an idea that he would later develop
in more detall, “"that every atom of creetion is unfathomable in its perfection”.

Taking this point somewhat out of order we may quote from the verson of this idea that
was eventudly published in Nature [15] (and esewhere) in 1873, where from
agtronomica observations of characteristic wavelengths of radiation from atoms he
concludes,

We are thus assured that molecules of the same nature as those of our hydrogen exist in
those distant regions, or at least did exist when thelight ... was emitted. ...

Each molecule, therefore, throughout the universe, bears impressed on it the stamp of a
metric system as ditinctly as does the metre of the Archives at Paris, or the double royd
cubit of the Temples of Karnac. None of the processes of Nature, since the time when
Nature began, have produced the dightest difference in the properties of any molecule.
We are therefore unable to ascribe elther the existence of the molecules or the identity of
their properties to the operation of any of the causes which we cal naturd.



On the other hand, the exact equdity of each molecule to dl the others of the same kind
givesit, as Sr John Herschel has well said, the essentid character of a manufactured
article, and precludes the idea of its being eternd and salf-exigtent.

Thus we have been led, dong a drictly scientific path, very near to the point a which
Science must stop. ...

Thisis asomewha unfamiliar inverted form of argument from design. Maxwdl is saying
that molecules are perfectly identical to one another and this suggests thet they are, asit
were, manufactured according to an intdligent plan. Maxwell explained himsdf in more
detall later in aletter "What | thought of was not so much that uniformity of result which
is due to uniformity in the process of formation, as a uniformity intended and
accomplished by the same wisdom and power of which uniformity, accuracy, symmetry,
consgtency, and continuity of plan are ... important attributes..."[ 16]. Thiswas not an
origind idea of Maxwdl's and he givesthe origind Herschd reference, dated 1851, but it
isinteresting to redize that Darwin's ~Origin of Species’ wasfirgt published in 1859, a
year before Maxwel's first oblique reference to molecular perfection. Clearly, he was
well aware of the extent to which the fashionable liberal academics argument from
design, based on the perfection of biological adaptation, was undermined by discoveries
pointing to evolution. And though Maxwell was no theologica libera but accepted the
revelation of God through Jesus Chrig, heis pointing to a different perfection in cregtion,
one which he emphasizes cannot be attributed to evolutionary adaptation. It isan
intriguing thought, not that Maxwell was drictly correct that atoms are immutable, but
his gpproach is more to appreciate the ordered uniformity rather than the peculiarity and
complexity of nature, as Signs of the creator. Beyond that, Maxwell's modest clams for
the idea are, in my mind, amodd for how a scientist could and should draw attention to
the aspects of his science that point to matters beyond his scientific competence.

Maxwell's breadith of appreciation of Christianity grew il further during histimein
London. To his background of Presbyterianism (in the Scottish kirk of hisfather's
tradition) and the Anglicanism of his mother and Cambridge, he added an experience of
the Baptists. In aletter to Rev C.B.Taylor he criticizes obtuse sermons he had heard at
Cambridge and goes on[ 17],

Thereisin this street a Baptist, who knows his Bible, and preaches as near it as he can,
and does what he can to let the statements in the Bible be understood by his hearers. We
generdly go to him when in London, though we believe oursaves baptized dready.

This confesson of Maxwell's willingness to go where the Gospel is clearly preached
gpparently embarrasses Campbell, who speculates (gratuitoudy) that the habit was a
concession to Mrs Maxwell's " smple Presbyterian” experience. This seems an unlikely
explanation. The tone of Maxwell's remarks leaves little doubt thet his only awkwardness
about attending the chape arose from the doctrina differences concerning the vaidity of
infant baptism. That Maxwell did not alow thisto discourage him is another indication
that in spiritud matters he followed his own conscience above al.



6. Laird of Glenlair, First Cavendish Professor

In 1865 Maxwell “retired” from his London position. It had been an extremely
productive tenure, seeing much of his experimenta work on gasesto its fruition and the
publication of ~On Physica Lines of Force" (in three parts 1861-2, introducing the
displacement current and predicting € ectromagnetic waves travelling at the speed of

light) and his equations in 1865, but he wanted to complete the building of the house at
Glenlair, asa " "sacred trugt” to his father. Hisindependent wealth permitted him to resign
from the fairly heavy burdens of teaching and devote histime to the edtate, to some
continentd travel, to an extendve correspondence, and to writing his masterly Treatise on
Electricity and Magnetism (1873).

Figure 7: Glenlair as Maxwell left it (ca 1884).

The house was finished in 1867, but was just one aspect of being ~Laird" of the etate.
Other aspects that were pursued assduoudly, by both James and his father before him,
were the nightly reading of the Bible for the servants, and an dmost proprietoria
gponsorship of the church a Corsock, the nearby village.

His correspondence was most notably with William Thomson (later Lord Kelvin) and his
school friend P.G.Tait. Thomson and Tait published their textbook Treatise on Natural
Philosophy in 1867 and were henceforth referred to in their lettersas T and T° By alater
notational coincidence, in awork of Tait's Maxwdl'sinitids appeared in the equation
JCM = dp/dt. Theregfter, in the arcane ingder language of their abbreviated
correspondence, often conducted on postcards, Maxwell became dp/dt.

Figure 8: Postcard concerning mathematics, from Maxwell to Tait.

Anather running gag, based on the coincidence that the Archbishops of Y ork and
Canterbury at the time were aso called Thomson and Tait, transformed T and T into
“The Archepiscopa Pair". A quicksilver wit was characteristic of Maxwell's
correspondence, showing hisfertility of imagination and convoluted, often poetic, sense
of humor.

Thetime a Glenlair enabled Maxwdll to put in order and publish his eectrodynamic
theoriesin their most comprehensive form. It also saw the introduction of his since
famous ~"Demon'[18]. The retirement came to an end eventudly when Maxwell was
persuaded to accept (in 1871) the newly created Cavendish professorship of experimental
physics at Cambridge - only after Thomson and Helmholtz had turned it down.



The job was, for the first few years a leadt, predominantly administrative. The Duke of
Devonshire's bequest funded the building of the Laboratory, but Maxwel had to manage
the congtruction itsdf. Probably his Glenlair experience was an ided background for this
task. Certainly his conscientious attention made it a great success, and his organizationa
abilities more than made up for his weakness as alecturer. Perhaps he fdt it aduty of the
position aso to spend much of histime on editing the scientific papers of Henry
Cavendish - amgor work of scientific and historical scholarship.

Maxwell had become a public figure, even though his science was il greetly under-
gppreciated, and so it was not surprising that he was consulted for example by the Bishop
of Gloucester and Brigtol, about his idess relating his faith and science][ 19]. The Bishop is
wondering whether the cregtion of the sun after the creation of light in Genesis 1 can be
harmonized by regarding the latter asreferring to ~prima vibrations' [i.e. the aether].
Maxwell repliesto this rather naive question with politeness and great wisdom.

... there is a statement printed in most commentaries that the fact of light being created
before the sun isin gtriking agreement with the last results of science.

| have often wished to ascertain the date of the origind appearance of this statement, as
this would be the only way of finding what ~"last result of science” it referred to. It is
certainly older than the time when any notions of the undulatory theory became
prevaent...

If it were necessary to provide an interpretation of the text in accordance with the science
of 1876 (which may not agree with that of 1896), it would be very tempting to say that
the light of the first day means the dl-embracing agther... But | cannot suppose thet this
was the very idea meant to be conveyed by the origina author to those for whom he was
writing.

But | should be very sorry if an interpretation founded on amost conjecturd scientific
hypothesis were to get fastened to the text in Genesis ... Therate of change of scientific
hypothesisis naturaly much more rapid than that of Biblica interpretations, so thet if an
interpretation is founded on such an hypothess, it may help to keep the hypothesis above
ground long after it ought to be buried and forgotten.

At the sametime | think that each individua man should do al he can to impress hisown
mind with the extent, the order, and the unity of the universe, and should carry these
ideas with him as he reads such passages as the 1st Chap. of the Ep. to Colossans (see
Lightfoot on Colossians, p.182), just as enlarged conceptions of the extent and unity of
the world of life may be of service to usin reading Psaim viii, Heb i 6, €tc.

Thus Maxwell penetratingly criticizes the misuse of partid scientific knowledge to
interpret scripture, let aone to shore up faith by supposed harmonization with the latest
science. He has no need of scientific “proofs of Chrigtianity. Instead, his expressed
concern isthat ill-judged linking of specific scientific theories with reigion will be an
impediment to the growth of science. And his emphasis, in relating science and faith, isin



science's enhancement of our wonder at the glory of creetion. Certainly amuch more
enduring theme than the aether, which haslong since been discarded!

Figure 9: Maxwdl in hislater years.

In his sixth year as Cavendish professor the first symptoms began of hislast long and
painful battle with abdomind cancer. He bore it without complaint, his kindness never
soured, hisfath never dimmed. The minister who regularly visted him in his last weeks
was agtonished at his lucidity and the immense power and scope of his memory, but
comments more particularly,[20]

.. hisillness drew out the whole heart and soul and spirit of the man: his firm and
undoubting faith in the Incarmetion and dl itsresuts; in the full sufficiency of the
Atonement; in the work of the Holy Spirit. He had gauged and fathomed dl the schemes
and systlems of philosophy, and had found them utterly empty and unsatisfying -
““unworkable" was his own word about them - and he turned with smple faith to the
Gospd of the Saviour.

As death approached Maxwdl| told a Cambridge colleague[21]

| have been thinking how very gently | have aways been dedlt with. | have never had a
violent shove dl my life. The only desirewhich | can haveislike David to serve my own
generation by the will of God, and then fall adeep.

Fdl adeep he did on November 5th 1879, and after services of remembrance at
Cambridge was buried in the churchyard of Parton, near his beloved Glenlair. But his
scientific work has proven enduring far beyond serving merely his own generation,
marking him as agenius of the firs rank - one formed and sustained in thought and life
and death by the Chrigtian faith.
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Footnotes:

1 That is, in aform based on local equations without reference to action at-a-distance.
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