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ABSTRACT

This thesis analyses the construction of academic engineering
education 1in Glasgow University during the tenure of the first two
professors of c¢ivil engineering and mechanics, concentrating on the
second, William John Macquorn Rankine (1820-72). His education,
engineering activities, and 1involvement 1in societies (engineering,
scientific, local or peripatetic) both enabled the establishment of
supportive social networks and made available resources for the creation
of an “engineering science” which was perceived as academically acceptable
and practically beneficial. University allies furthered academic
integration. Societies and journals provided extensive opportunities to
promote, publicize and legitimate academic engineering.

Chapter one demonstrates the diversity of academic engineering, with
content contingent upon social pressures, personal 1inclinations of
incumbent professors, and local justificatory frameworks. Chapters two
and three analyse Rankine’s interactions within educational, scientific
and practical engineering contexts in Scotland and Ireland during the
1830s and 1840s as active publishing participant.

Chapters four and five present a study of the "air-engine” which
aroused phenomenal public interest in the late 1840s and early to mid
1850s. An example of a "failed technology” often neglected by historians,
its contemporary significance saw it annexed to the cause of energy
physics; "realized” 1in an "improved” form by Rankine and James Robert
Napier(1821-79) as the embodiment of a harmony between theory and
practice; paraded as a new source of motive power usurping the steam-
engine; adduced as evidence for the supremacy of dynamical theories of
heat; and manipulated as propaganda for the re-vitalization of the Glasgow
chair of civil engineering and mechanics.

Chapter six charts the career of Lewis Gordon, first professor of
civil engineering and mechanics, demonstrating the manifold difficulties
faced 1n establishing academic engineering in Glasgow 1in the 1840s.
Chapter seven exhibits the intense campaign accompanying Rankine’s re-
establishment of engineering 1in the University, with the air-engine
playing a major role.

Finally, chapter eight examines the synthesis of concepts central to
scientific and engineering practice (measurement and economy) through

2ff1c1ency to construct a coherent directive for academic engineering with
engineering science” central.



To the air-engine enthusiasts of the world




| FABLES
IZE CAT AVD FLODLE

A FIDDLE was boasting of the sweetness of its
voice. "Vain instrument!" exclaimed a cat who

stood by, "your notes are but a feeble attempt -
to imitate mine."

MORAL .= A7 sZrives I77 2ai7n 2o yie w7tik r»aiure.

[W.J.M. Rankine, JSorwgs ard Fables , V. ]

The chameleon's dish: I eat the air, promise-crammed.

[Shakespeare, ZawlZez , 111, ii.]

Our revels now are ended. These our actors,
As 1 foretold you, were all spirits and
Are melted into air, into thin air:

And, like the baseless fabric of this vision,
The cloud-capp'd towers, the gorgeous palaces,
The solemn temples, the great globe itself,
Yea, all which it inherit, shall dissolve
And, like this insubstantial  pageant faded,
Leave not a rack behind. We are such stuff
As dreams are made on, and our little life
Is rounded with a sleep.

[Shakespeare, " Z7%e Jempesz , IV, i.]
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CHAPTER ONE

Academic engineering and engineering science

In what follows I use the term "academic engineering"” to signify the
teaching of engineering within a university or college of  higher
education: specifically, this differentiates an institutional teaching
framework from that broader assimilation of engineering working practices
in nineteenth-century Britain by the then standard method of
apprenticeship or pupillage, and from the practice of engineering as a
profession.! The growth of academic engineering, both in terms of student
numbers and the variety of courses offered, profoundly influenced the
structure of what we might call, by way of distinction, "practical
engineering”; the status of engineering as a profession searching for
recognition within society:? and the corporate relationship between
engineers and places of higher education.3

Developing a complementary view, I make the basic observation that
the discipline of academic engineering was by no means uniform and

unvarying across the wide range of institutions and teachers in higher

1I do not deal with mechanics institutes. For a study of the
development of engineering education see George S. Emmerson,
Lngtneerizyy education:s a social iistory (David & Charles: Newton
Newton, 1973). The first chair of engineering in Britain was
established in 1840 at the University of Glasgow. See 77e eaducaliorn
and staZus of ciril engirneers, In the Inited Kirngdom arnd n Joreigrn
counzrzes (Institution of Civil Engineers: London, 1870), for details
of ten courses of academic engineering in Great Britain and Ireland at
the time of publication. See also Eric Ashby, JZeckrwlogy arnd ke
acadenics (Macmillan: London, 1966); W.H.G. Armytage, 4 social /istory
o/ engirneerirzzy (Faber and Faber: London, 1961).

‘See R.A. Buchanan, e engineerss a Aistory of the engineering
projession In Briiain 1750-197¢4 (Jessica Kingsley: London, 1989),

partécularly Chapter Nine, "Engineering Education and Training",
PP. 1 1-79 *

3See Michael Sanderson, JZ%e wrniversities and British 271QUSLrYy 1850-1970
(Routledge: London, 1972). Sanderson chooses 1850 as the lower end-

pgigt of his study, ten years after the establishment of the Glasgow
chair.

1



education.* There was no single obvious form assumed by civil engineering
in order to penetrate the walls of the universities of nineteenth century

Britain; neither was there merely a linear process by which "craft
engineering” became by stages "scientific".” At least partially, context

dictated content: different courses were created to meet the contingent

demands of local communities and academic colleagues.® 1In turn, a lasting

and successful course might ameliorate its academic environment {rom
within. Yet an insensitive response to the demands of internal and
external communities could erode vital 1local support for academic
engineering. Furthermore, the social, intellectual, or financial rewards
offered to a university professor might simply prove insuffigient in
comparison to those of, say, the consulting engineer or the aspiring

gentlemanly specialist working within a diverse network of Victorian

“For a recent broad survey of sazfornal end nternatfonal styles of
engineering pedagogy and professionalization see Peter Lundgreen,
"Engineering Education in Europe and the U.S.A., 1750-1930: The Rise to
Dominance of School Culture and the Engineering Professions", Arzzals o/
Serzernce , 47(1990), 33-75. Lundgreen does not consider the Scottish

chairs of engineering which will be of particular concern in this
thesis.

>However useful as a first approximation, it is certainly insufficient,
in the context of this thesis, to follow a historiography which
attempts "to establish the stages by which engineering was transformed
from a craft into a science". See R.A. Buchanan, "The rise of
scientific engineering in Britain", Zrrizisi Jourrnal jor Zie Kistory of
Sclence , 18(1985), 218-33, on p.218.
®For a recent collection of essays highlighting the benefits of a study
of technology viewed as integral to its "sociocultural surroundings"
see Stephen H. Cutcliffe and Robert C. Post (eds.), /7 Cornterzs Hiszory
arnd the History of 7ecirwlogy. Lssays In Lornor of Helvin Aransbery
(Lehigh University Press: Bethlehem, 1989). "Common to all the
essays...i1s a sense of the importance of a contextual approach, both
historical and historiographical"(p.13). Brock's interesting analysis
of the foundation of the Imperial College of Engineering in Tokyo
emphasizes the process of experimentation by which many culturally
induced elements of, for example, Scottish and Irish engineering
courses (e.g. the sandwich course), were tried out in a newly-
established institutional environment, with generous resources
available, and great curricular freedom. Such relatively unconstrained
situations were of course rare. See W.H. Brock, "The Japanese
connexion: engineering in Tokyo, London, and Glasgow at the end of the
nineteenth century", Zrrzisi Jourrnal jor the Fistory of Sclence
14(1981), 227-43. For a parallel study treating similar processes of
subject negotiation and construction see Graeme Gooday, "Teaching
Telegraphy and Electrotechnics in the Physics Laboratory: William
Ayrton and the Creation of an Academic Space for Electrical Engineering
in Britain 1873-1884", #iszory o/ Zecrmology , 13(1991), 73-111.
2



sclentific elites.?

The pattern of short-lived and abandoned chairs in the 1840s 1is

unmistakeable. John Benjamin Macneill, appointed to the new professorship
of engineering at Trinity College Dublin in 1842, found himself unable to
fulfil academic and professional duties simultaneously: he chose to
withdraw from the Collegé in 1846 (chapter 3).%2 Similarly, the railway
engineer Charles Blacker Vignoles, first to hold the chair of engineering
at University College London (established in 1841), gave up teaching in
1845 due to the increasing pressure of business.? Ironically, the
economic revival led by the railway mania of the second half of the decade
which created a demand for engineers simultaneously acted to deprive the

universities of their engineering professors. Lewis Gordon, first

professor of c¢ivil engineering and mechanics at Glasgoy, provides one

further example of this phenomenon (chapter 6).

At a time when existing academic engineering classes were, 1in their
day-to-day activities if not in their actual creation, the work of
individuals rather than larger departments, and there were few direct
teaching precedents to follow, either the establishment of a new chair, or
the passing of an existing professorship to a new occupant, was often
viewed as the opportunity for a thorough re-examination of the nature of
ingtitution-based engineering pedagogy. Thus on election to the Glasgow
professorship Lewis Gordon published a preliminary manifesto for academic

engineering: 4 Sylladus of a Course of Lectures orn Civil Lrgirneeri?gy arnd
ZeciarnZes (1841); and in 1868, nearly three decades after the founding of

the first British chair, Fleeming Jenkin asserted to his Edinburgh

audience that "a Professor of Engineering in this country...has still to

"For an analysis of one such network centred on the study of geology see
Martin J.S. Rudwick, JZZ%e Great Devonian Controversy. ke Skapirng of
Sclentific Anowledge amorg Gentlemanly Specialists (Universi ty of
Chicago Press: Chicago and London, 1985), and in particular pp.17-18
for his justification of the term "gentlemanly specialist".

Arxil%r }; age, JSoclal ihistory of engineerirzy , p.129; Buchanan, Zrgirneers ,
&

9Buchanan, Zngineers , p.165.



creaZe that system of instruction which in other Faculties needs only to
be developed and improved."!'® In Jenkin's case an attempt was made to

integrate elements borrowed from continental models. Of'ten, .however.
local context, convenient division of academic labour within an
institution, or even the specific demands of influential individuals could
prove decisive in moulding the final structure and emphasis of a course.
Three examples serve to illustrate this essential divergence. The
long-established Jacksonian chair of experimental philosophy in Cambridge
had originally been intended for the teaching of chemistry. Successive
professors had modified the terms of the chair, largely according to their
particular interests: with attendance at such non-examinable scientific

courses both voluntary and free there were no particular strictures

dictating content.!? From his election in 1837 the high Cambridge
wrangler Robert Willis wunashamedly concentrated his teaching on a
‘inematfc classification of machines, illustrating his well-attended
lectures with a system of mechanical models constructed from individual
components as his audience enthusiastically looked on.!? Since this
geometry of motion excluded reference to causal forces, i1deas of work and
value were subsidiary to his conception of academic engineering. Willis's
Principles of wmeckharnZsw (1841) was complemented by William Whewell's
Heckanlecs of erngirneeri7y published the same year, i1ndicating both
cooperation in syllabus formation and the mutual negotiation of subject
division. Together they attempted to make engineering a subject for

advanced reading within a Cambridge liberal education.l!3 Particularly

19Fleeming Jenkin, 4 Jecture on tkhe edwcation of civil ard meckanical
enNgineers in Grear Britarn arnd abrozd (Edmonston & Douglas: Edinburgh,
1868), p.5. My emphasis.

1Harvey W. Becher, "Voluntary Science in Nineteenth Century Cambridge
University to the 1850's", Zrrzisi Jowurnal jor the Fistory of Scifence
19(1986)t 57_87'

127.J.N. Hilken, Lrgirneering at Candridge University 7785-296% (Cambridge
University Press: Cambridge, 1967), pp.50-7; Robert Willis (1800-75),

2.5.8. ; Robert Willis, A Systzer of apparatus jfor the use of leciurers

aid experimernters In mecranical philosopiy, especially In those
orarickes wirick are comnected witki meckharnisw (London, 1851).
13Becher, "Voluntary Science", p.68.
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following Whewell's reaétion in the 1830s against the unbridled use of
continental analysis,!* Willis's emphasis upon synthetic geometry,
embodied and exemplified in his carefully-fashioned mechanical models, yet
facilitated by the flexible terms of the Jacksonian chair, was a
particularly appropriate response to the personal, social and intellectual
context of mid-nineteenth century Cambridge.l5
In marked contrast, Fleeming Jenkin, professor of civil engineering
at Edinburgh University from 1868 to 1885, emphasized the centrality of
ecoriony to academic engineering:
Above all, it is possible to inculcate the true principles of
economy upon the mind of the student...[The] object of the

engineer 1is...to use his Jjudgment and invention so as

continually to endeavour to increase production at a
diminished cost.1®

Jenkin's election to the new professorship had largely been dictated by
the Dundee industrialist Sir David Baxter. Since Baxter had offered the
considerable sum of £5000 towards the endowment of the Edinburgh chair the
Government was understandably willing to sanction the appointment of his
favoured candidate. But Baxter had further stipulated that the professor
bring students into direct contact with manufacturing industry: they
should be taught surveying "in the field" and given extensive visits to
industrial workshops. Jenkin's success, in the face of strong competition
from such distinguished candidates as W.J.M. Rankine, resulted from the
expectation that he would follow Baxter's wishes more closely. Thus at

least initially, the content and structure of the course were contingent

13 Harvey W. Becher, "William Whewell and Cambridge mathematics",

g’z'.s'z‘az'z‘aal Studzes 1n the Physical Sciernces , 11(1980), 1-48, on pp.25-

15The suggested establishment of a professorship of engineering in 1850
led to nothing. Hilken comments that Willis showed no enthusiasm for
giving up the freedom of the Jacksonian chair to build up a more rigid

school of engineering. See Hilken, Lrgineering af Candridge
Iniverssty , p.5Sh.

16Jank:ln, Lecture on edwcation , p.18. For a biographical memoir by R.L.
Stevenson (no less) see Sidney Colvin and J.A. Ewing (eds.), ZPaers
Literary, JScientific, etc. 2By the late Fleeming Jenkin... (2 vols.,

Longmans & Co.: London, 1887), 1, pp.xi-cliv: and also C.A. Hempstead,

"An Appraisal of Fleeming Jenkin (1833-1885), Electrical Engineer",
distory of Zecknology , 13(1991), 119-44,

5




upon the desires of one powerful individual.l7

In the event, Jenkin drew upon his extensive experience of

continental teaching methods, a predilection for political economy, and
~ the increasingly cogent discourse of engineering professiornalzsn to
synthesize his own unique brand of academic engineering and to justify its
place within an ancient Scottish university. Thus, for example,
introducing restrictive entry examinations, traditionally alien to the
initial stages of a democratic Scottish educatidh, he stressed the analogy
between medicine, law and engineering as exclusive professional
specialisms.'® At University College London, where as professor Jenkin
relied solely on student fees, there had been no such examination: classes
had been larger and of a lower overall mathematical standard.!? Clearly
institutional structure and private remuneration partially dictated the
nature of academic engineering in London and Edinburgh.2°

The strength of the incumbent professoriate, either individually or

in consort, might be decisive in determining the degree to which a

prospective professor could hope to gain academic autonomy. In 1855

George Wilson, first regius professor of technology in the University of
Edinburgh and Director of the new Industrial Museum of Scotland, gave an
inaugural address, disarmingly entitled "What is Technology?". His speech

candidly acknowledged the very real problems faced in creating

intellectual space within an existing academic environment. With
resignation Wilson conceded the long and sometimes arbitrary processes of
negotiation and persuasion by which new disciplines were created:

How shall I limit myself to selected arts, and not encroach upon
the subjects taught from the existing University Chairs?...How
shall I faithfully fulfil my commission...and yet faithfully
respect the rights of my brother professors?...[They] have

17Ronald M. Birse, Znginecering at Zdirnburgh Univers?ty:s a short Aistory
7673-798% (University of Edinburgh: Edinburgh, 1983), pp.94-5.
18Jenkin, Zecture on edication , p.35.

19See Jenkin's evidence in irmtzes of ke Select Commitiee on Sci. entific
Instruction (Samvelson Commissiorn) , given on 14 May 1868, in
particular questions 2425 and 2568.

“0Jenkin held this post in London for only one year, from 1867. See
Buchanan, Zrgireers , p.165.
6



nearly all commissions nominally as wide as my own, and these
have been restricted in meaning only by common consent, by
traditional custom, or conventional use and wont.2?

It is not hard to discover the stimulus for this straightforward
concession to internal academic pressure. In the late 1840s James David

Forbes, professor of natural philosophy at Edinburgh University, had kept

a keen and authoritarian eye on Lewis Gordon's attempts to expand the

boundaries of "civil engineering and mechanics" in Glasgow (chapter 6).
With the establishment of a similarly ill-defined chair in his own

university Forbes wrote directly to the Principal, expressing concern over
the avoidable tendency to "withdraw amateur students, & the public

generally, from the classes of Natural Philosophy & Chemistry":

[The Crown] could not have chosen a person more likely to be
acceptable to his colleagues than Dr. G. Wilson. 4#7 1 am very
sure hatr rse will erercise such riohts as ARls commissiorn nay
give in 7 a qy 2RIck w7l fnterjere as l7ttle as may oDe wIiZ/
the other courses of the Unfversfty . Looking however to the
interests of my successors...it is impossible not to see that
"Technology" may be made to embrace nearly all the most
interesting applications of Natural Philosophy, as Mechanics,
Hydrostatics, Heat, and Electricity, not to mention by far the
greater part of Chemical Application... Z%Ze deparimernt of tre
LZectures on Jeckrnology skhould de In some marner dadegfined ...l
believe that Dr Wilson would himself be well disposed to concur
in any reasonable plan for defining the subjects of his
course, . .22

Two months later Wilson was ready with a sufficiently explicit
disciplinary definition of "technology", designed to retain sufficient

content for a viable course, whilst respecting the territorial claims of

21George Wilson, #%ar Is teckrnology? An Inaugural lecture dellvered in

the Universtty of Fdinburgh on November 7, 21855 (Sutherland and Knox:
Edinburgh, 1855), pp.16-17. For Wilson's brief academic career see

Birse, Zrgirneerirng at Ldirniurghr Oniversity . pp.66-8. Robert Anderson
has discussed the relationship between Wilson's chair and |his
Directorship of the Industrial Museum of Scotland in Edinburgh. See
Anderson's Presidential Address entitled "*What i1s Technology?':
Education through Museums in the Mid-nineteenth Century" delivered at
the joint British Society for the History of Science/London Centre for
the History of Science, Medicine and Technology conference "Getting the
Big Picture" on 8 May 1991.

22Forbes to Principal Lee of Edinburgh University, 10 September 1855,

f.37R-39V, MS 344§p National Library of Scotland. Emphasis added.
Forbes was opposedkﬁhe suggestion of the Town Council (who exercised
administrative power over the university) that Wilson's students alone

pﬁgi a reduced matriculation fee "to favour the Popularity of the new
chair”,
7



his colleague. The result, appropriately subdivided into animal,

vegetable, and mineral technologies was a miscellany running from hat-
making to telegraphy which proved overwhelmingly popular with the
Edinburgh public.43 Wilson had chosen to avoid conflict with the
professors of natural philosophy and chemistry, instead successfully
exploiting the diverse treasures of the Industrial Museum to attract an

appreciative audience.2?

In this thesis I shall concentrate on one such example of local

variation in the style and content of academic engineering, showing

directly how the structure of a course, and its legitimation, reflected

pressures of a social, political and financial kind. In particular, 1
argue that for William John Macquorn Rankine, regius professor of civil

engineering and mechanics at the University of Glasgow from 1855 to 1872,
the core of academic engineering (for which Rankine later adopted the
term "engineering science") was essentially science regulated by economy:
that is, a union of academically accepted scientific pursuits -
mathematics, natural philosophy, inorganic chemistry, geology and
mineralogy - supplemented and modified in a manner specifically designed

to treat quantitatively the economic and financial constraints placed upon

*3For a summary of Wilson's syllabus of 1858-9 see Birse, Engineering at
Ladirndurgh Universszy , pp.67-8.

2471bid., p.68.



the practical engineer in the commercial environment.2?5

Many of the products of Rankine's extensive activities, including a

wide-ranging output of research papers,2® and a comprehensive and much-
praised series of engineering textbooks,?7 can be seen as directed towards
that "self-aggrandizement" which was positively encouraged in an

atmosphere of Glasgow "improvement".2® However, I will show that this
core of engineering science, though an immediate response to the academic
and industrial communities of Glasgow, was also excellent propaganda for
academic engineering in general. By centralizing a quantitative,
mathematical approach which purported to provide optimal "solutions" to

engineering "problems", 'Ra.nkine' s engineering science broadly satisfied
both academic @727 industrial criteria; by explicitly delimiting

engineering science and exercising diplomatic and propagandistic skill to

25Rankine's engineering science has received attention from David F.
Channell. I give a8 deeper analysis of the context surrounding
Rankine's personal construction of engineering science, examining the
ambient culture according to which it was fashioned and within which it
held rhetorical coherence. See, however, Channell's 4 w2izary
Zecirology., Ihe erngirneering science of #.J.A. Farnkirze (unpublished PhD
thesis, Case Western Reserve University, 1975): "The harmony of theory
and practice: the engineering science of W.J.M. Rankine", JZecwlogy
arnd (wlrure , 23(1982), 39-52: "Engineering science as theory and
practice", JZeckwlogy ard Culizure , 29(1988), 98-103; and "The role of
Thomas Reid's philosophy in science and technology: the case of W.J.M.
Rankine", in M. Dalgarno and E. Matthews (eds.), JZ%e Fiilosopizy o/
T7omas Keld (Kluwer Academic: Dordrecht, 1989), pp.447-55. This last
article has been republished in modified form as "W.J.M. Rankine and
the Scottish Roots of Engineering Science", in Elizabeth Gerber (ed.),
Beyond MHListory of Scrence. Lssays In Lonor of ~Hober?r L. Schoyield
(Lehigh University Press: Bethlehem, 1990), pp.194-203. Channell has
also produced e Afstory of erngirneerirng sclences an awolated

bIbllograp/y (Garland: New York and London, 1989).
265ee the second section of my bibliography.

<7See bibliography. Jenkin described Rankine's textbooks as "combining
originality and sound practice more admirably than any I am acquainted
with 1in any language". Jenkin, JZeczure orn edicariorn o/f erngireers ,
pP.5. By 1873 they were widely known as used in many colleges in the
United States of America. See, for example, [American Academy of

Sciences], "[Obituary of W.J.M. Rankine]", ZProceedi7zigs o)f tkhe Arecricar:
Adcadeny of Arts arnd Scierces , 9(1874), 276-8, on p.277.

288ee, for example, J.R. McCulloch, 7%e Principles of Polrzical Lcoriony
(Edinburgh, 1825), p.129: "as a society is nothing more than an
aggregate collection of individuals, it is plain that each, in steadily
pursuing his own aggrandizement, 1is following that precise line of
conduct which is most for the public advantage." Quoted in M. Norton
Wise, with the collaboration of Crosbie Smith, "Work and waste:
political economy and natural philosophy in nineteenth century Britain
(I)", Aistorny qf Science , 27(1989), 263-301, on p.288.
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create for it a conceptual niche JZezzwer ‘“practical"™ engineering and

"theoretical” science, Rankine not only avoided conflict but also
presented academic engineering as mecessazry , the vital key to that

rzarmoryy o) ieory arnd practzice for which he consistently  argued
throughout his life.

Clarifying Rankine's formulation of academic engineering I highlight
particular forces exerted by the engineering community of Glasgow and by
academic colleagues; and I show how the ideas of ecorony , &erficlency .,
and wzeasurenerz were synthesized to provide the basis for a university
discipline capable of bringing those forces into equilibrium.

By examining extensive archival material 1 have analysed the

processes by which Rankine and his friend James Robert Napier, a prominent

member of the Clyde shipbuilding family, attempted to "realize the
advantages" of an improved form of air-engine (a heat-engine using air
rather than steam as working substance). During the late 1840s and early
1850s sﬁch engines were quite seriously expected by many to supersede the
steam-engine. 1 examine the arguments presented for the engine by
Rankine; conversely I show that the promise of air, displayed as a
revolutionary “applicationf of the new "science" of the mechanical action
of heat to "practice", was in itself a cogent argument for Rankine's
construction of engineering science as a valuable and distinct study
worthy of a place within the University of Glasgow. I suggest further
that the air-engine of James and Robert Stirling in particular was a

valuable resource for those, such as William Thomson, Lewis Gordon, James

Thomson and Rankine, wishing to present and justify the new theories of

the mechanical action of heat.

Thus Rankine's engineering activities, his work on heat as "man of
science", and his academic ventures were inextricably interlinked,
fertilizing, enriching, and shaping each other. All such activities

relied heavily upon the skilful exploitation and, eventually, the creation

of societies (in particular the Institution of Civil Engineers, the
10



Glasgow Philosophical Society and the British Association for  the

Advancement of the Science), both as a means of establishing supportive
social networks and as avenues of publication. The rhetoric of
engineering science and of the Zerworyy o/f Zizecory arnd praczice reflected
the demands of Rankine's diverse audiences; but equally such coherent and
palatable models of academic engineering were formed by specific elements
of Rankine's experience. Engineering practice and first-hand knowledge of
the demands of industrial communities shaped the conviction that to be
acceptable and valuable, practical data must necessarily be derived from

large-scale observation within an economy of practice. Complementing
this, theories of the mechanical action of heat, and the construction of

the concept of energy, allowed Rankine to define what he pointedly chose

to call "perfect" heat-engines, ideal representatives of the wasteless
economy of nature. "Actual" engines, such as his own "improved" air-
engine, could be compared directly and numerically to these ideal goals.
Remaining ever conscious of the need for economy, the sacred duty of the

scientific engineer was to pursue this ultimate yet unattainable

perfection.

11



CHAPTER TWO

Academic apprenticeship

Introduction

In this chapter and the next I sketch Rankine's early life and career
until the early 1850s. I analyse the motivation and pattern of his
activities, charting the changing direction in his professional attitudes,
and fleshing out specific trends in his intellectual growth. Locating
Rankine in a social and cultural context dominated by the "railway mania”
of the 1830s and 1840s, and examining the influences of a distinctive
Edinburgh University education, I will investigate the growth of a

methodology of engineering science which synthesized educational

experience with a traditional grounding in engineering practice.

It has been suggested that Rankine underwent an abrupt metamorphosis
from practising civil engineer in the 1840s into "man of science" in the
1850s and beyond. Thus, for example, Archibald Barr has asserted that
from "1848 till 1855 [Rankine] appears to have devoted himself entirely to
researches on Molecular Physics":! whereas for Oakley it is clear that by
the time he took up the Glasgow chair of engineering in 1855 "Macquorn
Rankine, a mathematical physicist, was essentially an academic".? This
change, we are led to believe, was catalyzed through the agency of
Rankine's first published papers on the mechanical theory of heat.3

I examine this suggestion and conclude that, on the contrary, Rankine

lArchibald Barr, "W.J. Macquorn Rankine, a Centenary Address",
Proceedings of the Foyal Philosophical Soclety of Glasgow , 51(1920-2),
167-87, on p.173.

“C.A. Oakley, 4 AiZstory of a jacully:. engirneerizng ar Glasgow Iniversily
(University of Glasgow: Glasgow, 1973), p.S8.

3"0On an equation between the temperature and the maximum elasticity of

steam and other vapours", Z@Znburgl New Phtlosophical JourrnalZ , 47(July
1849), 28-42; "On a formula for calculating the expansion of liquids by

heat", Zdirndurglh New Fhrlosophical JouwrrnaZ , U7(0ctober 1849), 235-9;
and the series of papers published in the PAwoceedzzzgs and the
Iransactlions of Zhe Foyal Society of Ldirdurg/ subsequently. For an
exhaustive study of Rankine's thermodynamics from a predominantly
internalist viewpoint see the works of Keith R. Hutchison listed in my
bibliography, in particular, for an extensive but accessible summary,

"W.J.M. Rankine and the rise of thermodynamics" o DrILIsA Jourrnal jor
e Aistory gf Scelence , 14(1981), 1-26.
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acted efficiently, effectively and with considerable assistance from a

broad network of influential friends, relatives, colleagues and former
teachers to locate himself with comfortable security in both "practical"
and "theoretical" camps. Thus in 1852, for example, Rankine could promote
an ambitious new scheme for the provision of Glasgow with water from Loch
Katrine whilst almost simultaneously engaging at the level of national
scientific elites in cosmological debate over the dissipation (and, for
Rankine, the subsequent reconcentration) of the energy of the universe.
Typically, Rankine pwbZ7/skhed on both issues.* Perhaps the most striking
instance of practical, fheoretical and pedagogical symbiosis from 1853
onwards was the Napier and Rankine air-engine (chapters 4,5 and 7).

The variety and utility of this diverse network of acquaintances has
not been stressed before. Chameleon-like, Rankine created an ideology of
engineering science, both personally determined and publicly serviceable,
which provided equal intellectual buoyancy in the elite scientific
socleties of London, Glasgow and Edinburgh, the peripatetic British
Association, and the communities of practical engineers supposedly

resistent to such scientific influence.’
This chapter deals with Rankine's upbringing, education in Glasgow
and Edinburgh, and earliest existing publication of 1840. As such it

begins to provide the context for his success in obtaining the Glasgow

chair. Although simply stated, that success has not been adequately

explained, or directly addressed in the existing literature. Information

“See W.J.M. Rankine and John Thomson, &z #k4e Heans of JImproving e
water Supply of Glasgow (George Richardson: Glasgow, 1852); and g» #z%e
deans o) lmproving /e Kater Supply of Glasgow. Secornd Lezzer (George
Richardson: Glasgow, 1852), also published in the Ae/vrmwers’ Gasertze
for March and June 1852 (which backs up the most plausible hypothesis
that Rankine was politically 1liberal or whig): and "On the
Reconcentration of the Mechanical Energy of the Universe",
il losophical Magagine , fourth series, 4(November 1852), 358-60.

For Rankine's involvement in the BAAS and the Glasgow Philosophical
Society see chapter 7; for his formation of the Institution of
Engineers in Scotland see chapter 8. This extensive institutional

representation finds 1its most obvious manifestation through office-
bearing and publication.
13



on this first period of Rankine's career is 1largely secondary and
circumstantial., However, publications of the 1840s, which will be
analysed in chapter 3, provide a surprisingly rich chart of activity.
Using these and other sources to identify the networks which Rankine had

by 1850 successfully established, and which were to be expanded
considerably by 1855, we can speculate intelligently upon the reasons for
his eventual acceptance within the somewhat rigid, complex, and
essentially closed structure of Glasgow University. The three decades
prior to the Edinburgh Royal Society publications certainly merit
consideration. Examining this period provides the obvious perspective,

and the only adequate one, from which to view his papers on the mechanical

theory of heat, so often taken as the starting point of his intellectual

career, and his appointment to the Glasgow chair.

The early years: making the natural philosopher

In this section I wish to begin to place Rankine within his local social
and cultural context. Such a context had implications for the nature of
his education, his subsequent employment, and his acceptance within a
broad range of social, aqademic. and professional elite groups. Indeed,
we shall see how success within one such group might provide sufficient

intellectual impetus and opportunity for the penetration of other elites

displaced within society.

William John Macquorn Rankine was born in Edinburgh on 5 July 1820.%
It has often been stated that the major influence upon Macquorn's early

life was his father: David Rankine, engineer and, by 1820, retired
lieutenant of the Rifle Brigade? or 21st Regiment.® David was the younger

son of Captain Macorne (or Macquorn) Rankine of Drumdow in Ayrshire and

®Lewis D.B. Gordon, "Obituary Notice of Professor Rankine", Zroceedzzgs
of e Royal Soclety of Ladinburgh , 8(1872-5), 296-306, on p.296.

John Mayer, "The Late Professor W.J. Macquorn Rankine", Juzuzre
7(1872-3), 204-5, on p.205.

8P.G. Tait, "Memoir [of Rankine]", in W.J. Millar (ed.), AZsceZlareous

Sclentzflc Fagpers (Charles Griffin & Co.: London, 1881), pp.xix-xxxvi,
on p.xx.
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thus of ancient Scottish family.? This unusual name originated with the

McQuorns of Ballyreoch in County Antrim,!° so Rankine had Irish blood,
though probably of Scottish settler variety, rather than "native" Irish.
On his father's side he was descended from the Rankines of Carrick and the
Cochranes of Dundonald.!? Indeed, his ancestry had been successfully
traced back to Robert the Bruce.l!? With this pedigree, he could well be
acclaimed by Tait as "a Scot of Scots".l!3 As David Rankine achieved
success within the ill-defined profession of engineering, Macquorn
inherited from his father a position in the lower regions of that nebulous
category of the middling classes.l®

In addition to the direct paternal connection with the ethos of

engineering, Macquorn 1later followed in his father's military footsteps

when he became closely and enthusiastically involved with the organization
and administration of the Glasgow University Volunteer Rifle Corps from

1859 (chapter 7).15 Again, characteristically, he took the opportunity to

publish.1® Rankine's father also had a brother, John, who had become a
citizen of the United States of America and by 1853 was 1living

comfortably, if not in affluence, in Canadaigua, New York.!7 This

9Gordon, "Rankine", p.296.

1%Barr, "Centenary Address", pp.169-170. Barr was the first student to
enrol with Rankine's successor at Glasgow, James Thomson.
'1Tait, "Memoir", p.xx. A song entitled "The Carrick Hills" written in

1872 is republished in Rankine's Sorngs arnd fadles wreiz Fliusirations by
J.5. (2nd edition, Maclehose: Glasgow and London, 1874).

12Tait, "Memoir", p.xx. See, for details Barr, "Centenary Address",

pP.169. The connection with Robert the Bruce appears to have been
through his mother's family, the Grahanms.
13Tait, "Memoir", p.xx.

1%See, for example, J.F.C. Harrison, e early Victorians I2837-57

(Panther/Granada: St Albans, 1973), p.130. For the social asplratiorns
of the professionalizing class of engineers see R.A. Buchanan,

"Gentlemen engineers", JFrczorian Studies , 26(1983), 407-29.
'5Crosbie Smith and M. Norton Wise, JZrergy ard Lmpire. A Dlogrephical
siuqgy of Lord AeZviz (Cambridge University Press: Cambridge, 1989),

p.356; S.P. Thompson, JZZe Zz/e of #Z7lliam IZomson, DBaron KAelyvin of
Zazrgs (2 vols., Macmillan: London), 1, pp.405-6.

16 72822 of distarnces Jor rifle-firing at rtargets (Lithographed on a card.

Glasgow, 1860): Zrniazure largers jor Fosition and Aining Drrl2 v7thin
adoors (Maclure and Macdonald: Glasgow, 1860).

17See letters from John Rankine to W.J.M. Rankine, 1853, in Acc. 8660,
National Library of Scotland.
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transatlantic family connection was to prove both convenient and useful to
Rankine in the early 1850s as he endeavoured to coordinate simultaneous
British and Americanhpafénting of the "improved air-engine" with James

Robert Napier (chapter 5).
Rather different in nature but certainly of equal importance was his
maternal ancestry. Macquorn's mother Barbara was the elder daughter of

the distinguished Glasgow banker Archibald Grahame of Drumquhassel, a

founder of the Chamber of Commerce and the Glasgow Royal Infirmary.!8
Archibald originally hailed from Dalmarnock,!? and was a descendant of the
Grahames of Dougalston.?? Strong links persisted with this socially

integrated and commercially prominent branch of the family throughout
Rankine's 1life: there is more than an indication of business links with

the railway companies by which he was later employed (chapter 3). When he
died in 1872, unmarried and childless, he had chosen as legal heir to his

estate a cousin: Jane Hannah Grahame, daughter of the London Parliamentary

Solicitor Alexander Grahame.?!
Rankine, then, came from a middle class family that was particularly
well=-connected on his mother's side: as the daughter of an affluent

banker, Barbara would clearly have occupied a somewhat higher social

position by birth than her husband.?? In an early Victorian "age of
patronage"”, i1t is likely that links with the Grahams weighed in Macquorn

Rankine's favour, particularly in his successful application for the

Glasgow chair.

One further member of this family who deserves attention was the

Scottish chemist Thomas Graham (1805-69),23 son of a Glasgow merchant and

18Barr, "Centenary Address", pp.169-70. The name is frequently but
inconsistently given the altenative spelling "Graham".
19[Royal Society of London], "Obituary of W.J.M. Rankine", AProceedz7igs o/

the Royal Soctety of Lordorn , 21(1873), i-iv, on p.i.
20Tait, "Memoir", p.xx.

21See Rankine's Inventory (a full list of his possessions and assets at

death, as required by Scottish law) and Testament, SC 36/48/70 and SC
36/65/171 respectively, Scottish Record Office.

°2See, for example, Harrison, Zarly Victorians p.128.

23Biographical details in 2¥%2 and 25%. Thomas Graham 1is chiefly
remembered for his work on the diffusion of gases.
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manufacturer who was in turn the cousin of Rankine's grandfather,

Archibald Grahame.2% Like Rankine he attended the Glasgow High School.

After graduating as M.A. from Glasgow University in 1824, having attended

the 1lectures of Thomas Thomson,?> he taught in Edinburgh and Glasgow,
finally in 1830 succeeding Ure2?® as professor of chemistry at Anderson's
College. There Graham was in direct competition with Thomson for students
and for their fees (chapter 6). From 1837 Graham acted as professor of
chemistry at the recently established University College London until in
1855 (the year of Rankine's Glasgow appointment) he was appointed by
Palmerston's administration to the prestigious office of Master of the

Mint, once occupied by Newton. Graham succeeded no less a contemporary

scientific luminary than Sir John Herschel. He remained at the Mint until
his death on 11 September 1869. Rankine then rapidly took steps to obtain
the post for himself: his application was well supported by friends and
colleagues but the campaign came to nothing when it transpired <that the
position was to be abolished.?7

The significance and ubiquity of such family connections in academic
and administrative circles in Scotland during this period can hardly be
overestimated. In the University of Edinburgh, for example, there were
ten appointments to medical chairs between 1786 and 1807: in eight of
these the son of an Edinburgh medical professor was elected.2® Murray's

reminiscences of Glagow College in the middle of the nineteenth century
outline an astoundingly ' rich family network of Scottish university

professors, radiating from Allen Thomson, professor of anatomy at Glasgow

24Gee Tait, "Memoir", p.xxiii.

25See 2¥F and also J.B. Morrell, "Thomas Thomson: Professor of Chemistry

and university reformer", Zr/zish Journal jfor the Kistory of Science ,
4(1969), 245-65.

26 Alexander Ure (1778-1857), 7.

*TTait, "Memoir", p.xxiii-xxiv; Azzuzre , 1(1869), p.193.

28D,B. Horn, 4 Siort distory qf the Iniverstty of Ladinburgh 1556-2859
(Edinburgh University Press: Edinburgh, 1967), p.108.
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College from 1848.29 A small section of this network demonstrates a
genetic link between the first two regius professors of civil engineering

and mechanics at the university: Lewis Gordon3? and Macquorn Rankine. The
first wife of Allen Thomson's father was Margaret Gordon, who had family

connections with Lewis Gordon: Allen and his half brother Dr William

Thomson, Professor of Medicine at Glasgow from 1841,3! married the sisters
Nina and Eliza Hill, who were related to Rankine himself. There were
professional connections too: both Gordon's father and the Hill sisters’
father, Ninian Hill, were Writers to the Signet, members of an ancient

and revered legal society centred upon Edinburgh. Rankine's own partner

in the profession of engineering in the early 1850s was John Thomson, the

son of this same Dr William Thomson.

These 1links had a very tangible utility, first when Gordon became
professor in Glasgow (chapter 6) and once again when Rankine succeeded him
(chapter 7). Both Allen and Dr William Thomson figured as representatives
of an increasingly powerful reforming whig faction in the University to

which both Gordon and Rankine were, at different times, allied. The half-
brothers therefore appear prominently in my analysis of the roles played
by Gordon and Rankine as they attempted to gain acceptance for themselves
and for their disipline within Glasgow College. Although such family
connections were not of course preconditions for acceptance and induction
into the University elite, these and similar patterns show that they were
certainly not disadvantageous. At the very least they provide one more
factor to explain the choice of successful candidates for the Glasgow
engineering chair.

The tale of Rankine's early life reflects in many respects a familiar

narrative for this time. The only other child in the family, a son David,

29David Murray, Aemories of the old Col lege of Glasgow.s some chaplers I7
e kistory of tie Universizy (Jackson, Wylie and Co.: Glasgow, 1927),
p.247; Allen Thomson (1809-1884), 7% .

3%For biographical details see Thomas Constable, Aewoir of Lewis D.25.

ordon, F.A.S5.£. (T. and A. Constable: Edinburgh, 1877).
31William Thomson (1802-52), 247 .
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died young;3?2 Macquorn's own health was feeble for several years in his

early youth;33 and he was given early instruction in religion by his
parents.3* In the absence of any decisive evidence, Rankine was probably
unremarkable in maintaining a Scottish presbyterian faith throughout his

life.33> The technical questions of religious orthodoxy could assume great

importance within the context of Glasgow University and provided suitable
vents for the animosity directed towards Gordon as professor there in the
early 1840s (chapter 6).

Early instruction 1in arithmetic, elementary mathematics and
mechanics and physics came mainly from his father.3® David Rankine was
certainly well-qualified to teach such subjects: his own Aopwlar
exposition q)f rize erfect of jorces apprlred ro draug/s? , which was written
during Macquorn's early childhood, rested upon an extensive knowledge of
British and French physical texts (chapter 3). Those details of early
education outside the home give a pattern of brief attendances interrupted

by Dbouts of unspecified illness. He attended the Ayr Academy (the Burgh
Academy of Ayr) in the west of Scotland from 1828 until 1829:37 for only
a few months at the end of 1830 he studied at the intensive Glasgow High
School with a Mr Rowblatt3® and then, in Edinburgh again, he was taught

geometry by a certain George Lees who as a writer of textbooks must have

32Barr, "Centenary Address", p.170.
33Gordon, "Rankine", pp.305-6.
341bid., p.296.

350n taking up the professorship in 1855 Rankine signed the standard
declaration, required by statute, testifying that he would not in any
way use his position to subvert the teachings, doctrines or privileges
of the Church of Scotland. See Glasgow University Minutes of Senate,
90(10 December 1855), p.278. Beyond this statement of convenient
implied passive religious conformity I have found no indication of the
detail of Rankine's religious belief. Tait's description of Rankine as

a "Scot of Scots" (quoted ealier) implies almost certainly that he was
presbyterian.

36Gordon, "Rankine", p.296.
37Tait, "Memoir", p.xx.

3835ee Class Book for Glasgow Grammar School from October 1829, Mitchell
Library, Glasgow. Rankine was in attendance between 11 October 1830
and 25 November 1830, but was absent on 14 January 1831 and thereafter.
Smith and Wise, Zrezgy and Zmpire , p.318 is in (minor factual) error.
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been of some standing within the Edinburgh community.39 But throughout
much of this period Rankine was unable or unwilling to attend a public

school because of the state of his health.?® Though the exact nature of
his 1llness remains mysterious it seems clear that for some time he was
effectively confined inhi; parents' house in Edinburgh, due to what one
obituarist described enigmatically and uninformatively as a "surgical
ailment under which he laboured for a considerable length of time".%?
By necessity then, his knowledge of more advanced mathematics was obtained
chiefly by private study.%2 It is of course unlikely that any elementary

school would have been in a position to guide him in the more recent

products of contintental mathematics.

In typical mythologizing fashion, the major event in Rankine's early
intellectual development was described by him in later life. In December
1834, at the age of fourteen, he recorded for posterity how

My uncle Archibald Grahame gave me a copy of 'Newton's

Principia' which I read carefully; this was the foundation of my

knowledge of the higher mathematics and dynamics and physics.%3
The magnitude of this achievement is surely compounded by Lewis Gordon's
comment that Rankine read the book in the original Latin. (By way of
comparison, in the early 1840s William Whewell recommended Cambridge

undergraduate students to read at least the elementary sections of the
Frineipia in Latin as a standard component of the  "permanent"

sciences.?%) Beyond its value as educational illustration, this event

helps to reinforce our impression of the status of Rankine's family
located within the literate and bibliophilic Scottish middle classes,

interested in self-promotion through education, and in the education of

39Gordon, "Rankine", p.296. Lees published ZZemernts of Aritimetic,

Adlgedra, arnd Geomeiry, jor Jse aof rrhe Studernts in rhe Ldirnburgh School
of Arzs (Adam Black & William Tait: Edinburgh, 1826).
40Tait, "Memoir", p.xx.

“[Engineering], "W.J. Macquorn Rankine", Zrgireerizzg , 15(1873), 13-15,
on p.13.

“2Gordon, "Rankine", p.296.
43Ibid., pp.296~7; Tait, "Memoir", p.xx.
““Harvey W. Becher, "William Whewell and Cambridge mathematics",
disiorical Studies In the Prysical Sciences , 11(1980), 1-48, on p.32.
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others through the dissemination of information. Later, Rankine

recommended the Aririci/via

for modern science has added no new principle to the dynamics of
Newton; what it has done is to extend the application of
dynamical principles to phenomena to which they had not been
previously applied; in fact, to the correlation of the physical

sciences - or, in other words, what 1s denoted by the
convertibility of energy.?5

Newton was conveniently available for retrospective attribution. From the
1850s onwards Rankine was to be intimately associated with a faction of
the scientific community with an interest in the promotion of the concept
of energy as a unifying principle within physics.*® Since it was at just
this time that he was endeavouring to prepare his entry into the

University of Glasgow, energy also occupied from the first a major

position within the curriculum of Rankine's academic engineers (chapters 5

and 7).

t

Mathematics, then, was a major preoccupation in Rankine's youth.
Perhaps with some irony, P.G. Tait'7 remarked that during this early

period of Rankine's teens he felt that

he "wasted" a great deal of time in the fascinating but too
often delusive pursuit of "Theory of Numbers".%®

This rather odd reference was perhaps an oblique reference to the rhetoric
of "waste" which formed such an essential part of Rankine's (and others')
ideology of "useful" and "useless" ("wasted") work with its overwhelming
moral overtones. But it also raises issues regarding Rankine's attitude
towards and fascination with mathematics. Differing reports from diverse

groups and individuals suggest a conflict between Rankine's chosen style

of mathematical presentation and the audience for which that style was

“5Undated quotation in Gordon, "Rankine", p.297.

how.J.M. Rankine, "On the General Law of the Transformation of Energy",
froceedings of rhe Glasgow Phrllosophical Soclety , 3(1848-55), 276-30
(read 5 January 1853); "Outlines of the Science of Energetics",
f’az-;;')eea’z'f@:s' af ihe Gilasgow Flrilosophical Society , 381 (read 2 May

Y7See C.G. Knott, LZfe and scientific work of Peter Guthrie ' Tarlt (3
vols., Cambridge University Press: Cambridge, 1911). Tait's "Memoir"

is particularly interesting as one of the few substantial accounts of
Rankine's life.

“8Tait, "Memoir", p.xxi.
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tailored or even created. Maxwell, for example, was dryly critical of the

mathematical expression of parts of Rankine's work on the mechanical
action of heat.?9 In the next section I will describe some of the

early resources he drew upon in his mathematical and scientific education.

Academic traditions and the University of Edinburgh

By 1814 a regular course of study had been laid down for those students at
the University of Edinburgh proposing to graduate in arts. Since the
rules were flexible and, increasingly, individual professors offered
distinct courses in an intellectual division of labour, it was very common

for students to matriculate without then going on to graduate. For arts
at least, though not of course in medicine or 1law, payment of the

matriculation fee (compulsory from 1810) left them free to pick and choose
as many or as few courses as they wished.3? In Edinburgh, where students
were youthful, basic salaries were small and professors collected fees
according to the number of students they taught, there were strong
incentives to make classes "elementary, spectacular and popular",.5?l
Equally, there were powerful reasons for existing professors to resist the
creation of new chairs, or curricular encroachment by colleagues.??

For two sessions, Rankine studied at the University, entering at the

not unuﬁélly early age of sixteen in November 1836 and 1leaving in May
1838.53 There he matriculated in arts, as was most common at this time,

and chose to attend courses in chemistry, botany, natural history and

natural philosophy but not mathematics. I shall discuss this particular

49See J.C. Maxwell, "[Review of] Tait's Thermodynamics", Jeture |,
17(1878), 257-9 and 278-80. From a less relevant twentieth century
viewpoint Hutchison has rather dismissively characterized Rankine as
one who was "ever willing to blur fine distinctions". See "Rise of
thermodynamics", p.11.

>%Horn, niversity of Zdinlurg’ , pp.30, 44, 68, 100, and 102.

>1J.B. Morrell, "Practical chemistry in the University of Edinburgh,
1799-1843", 4=zbZz , 16(1969), 66-80, on p.68.

>2Horn, niversity of Ldinburgh , p.58.

°3William Thomson matriculated at Glasgow College at the tender age of
ten. See Smith and Wise, Zrergy and Zmpire , p.U9.
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omission later. There is no record of Rankine attending any of the other

courses offered.5%

In 1836 he studied chemistry under the Edinburgh educated David
Boswell Reid, who was not strictly speaking connected with the
University.>? After two years spent teaching practical chemistry
privately in his own laboratory, Reid was appointed in 1828 as assistant
to Thomas Charles Hope, professor of chemistry and medicine from 1799 to
1843. Hope was an immensely popular lecturer, drawing audiences of over
500, but he had little enthusiasm for practical teaching: this he regarded
as purely optional, delegating it to a series of assistants such as Reid
who took responsibility for practical classes given at their own risk.5°
The situation was an uneasy one. Reid, whose status was that of
"permitted independent teacher", rented a room from the University, paid
all the expenses, and performed all the teaching duties for this practical
course; yet he gave a high percentage of his earnings from fees directly
to Hope who, in return, used his acknowledged influence to obtain
students, particularly in medicine, for Reid's lectures.>7?

Reid's resignation and provocative reduction (by half) of the
traditional fee for his combined course of "practical and theoretical

chemistry" precipitated what can best be described as a price war amongst

Edinburgh's substantial group of extramural chemistry teachers. This and

54Gordon, "Rankine", p.297: matriculation albums for 1836-7 and 1837-8;
transcipts of arts and law matriculation signatures for 1836-7 and
1837-8 sessions; matriculation indexes; natural philosophy class lists
1836-7 and 1837-8; botany class lists for 1836-7 (summer session);
Edinburgh University Library. These demonstrate that 1836-7 was indeed
Rankine's first University session. His matriculation numbers were 398
and 271 respectively in the two sessions, which makes it possible to
distinguish him from other Rankines in the Univesity contemporaneously.
The existing class lists indicate that these were probably the only
classes Rankine attended. I am grateful to the archivists of Edinburgh
Univesity Library for carrying out this search.

>>Mayer, "Rankine", p.205. David Boswell Reid (1805-63), 2¥% . He was
the son of the Edinburgh educational reformer Peter Reid (1777-1838),
who advocated a reduction of the time spent on Latin and Greek and an

increased emphasis on modern languages, geography, history and
mathematics.

56Morrell, "Practical chemistry", pp.66-71.
°TIbid., p.72. Reid had 201 students in 1832.
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subsequent disputes in 1833 and 1834 succeeded in both discrediting the

University's official practical course and Hope's once prestigious

chair.5® Rankine's failure to attend Hope's class is understandable. In

1835 there were at least four separate courses outside the University in

practical chemistry, i1including Reid's: his was an intensive course,
concerned mainly with the pasic skills of manipulation such as filtration
and analysis with the blow-pipe.

These issues are illuminating in many respects within the context of
this thesis. Here was one clear instance of the intense competition
engendered by the Scottish academic system of fee-paying: in some respects
Edinburgh was jealously regarded as an educational marketplace.
Unprepared to teach practical courses himself, Hope had attempted to
exploit those taking place and had successfully blocked the establishment
of a chair of practical chemistry independent of his own. Reid, on the
other hand, was prepared to link his efforts for the introduction of such
a chair (ideally to be occupied by himself) to the discourses of an age of
reform: the entrenched privileges of Hope were, as much as those of any

exclusive group, to be examined and brushed aside. Taking this line, Reid

received strong support from the whig Edinburgh newspaper Z7%e ScoZswzarn .
Thus presentation and publication of academic issues shaped and were
shaped by political and social context. Finally, the emphasis placed upon
a valid distinction between "theoretical" and "practical" chemistry by
Reid's supporters was made possible by Hope's marked indifference to
active, practical, laboratory-based chemistry.®? Rhetorical or literary
presentations of a distinction between "theory" and "practice" drew upon
such contingent local resources (chapter 6 and 7).

In the summer of 1837, running from the beginning of May to the end

of July, Rankine studied botany under Robert Graham and natural history

58Tbid., pp.73-7.
°91bid., pp.77-8.



under Robert Jameson.®® The botanist Robert Graham (1786-1845)61

originally studied and practised medicine at Edinburgh and Glasgow. He
held the chair of botany at Glasgow University from its creation in 1818,

then moved to the corresponding regius professorship at Edinburgh in 1820.

Graham's three month course centred upon the Royal Botanic Garden at

Inverleith to which students were granted unlimited access. Rankine
manifested 1little direct interest in botany beyond this University

tuition, though in the 1850s he did recommend it as a useful study for the

academic engineer "with special reference to timber trees" .62

Studies undertaken with Jameson, a naturalist of international
reputation, seem to have been more immediately significant.63 Although,
like Graham, originally trained in medicine, Robert Jameson (].774-185'4)6"l
quickly became interested in mineralogy and natural history. In 1800 he
had studied for two years with Werner at Freiburg. Returning to Edinburgh
after a period of continental travel he was in 1804 appointed regius

professor of natural history and keeper of the university museunm.

His university teaching, 1like Hope's, attracted large numbers of

pupils. The scope of his course was very broad, dealing with meteorology
(which included a no doubt useful section on "Prognostics of the
weather"), hydrology, mineralogy, geology, botany and zoology. In
hydrology stress was laid upon "the importance of Water in the economy of

Nature": as a geological "Neptunist" Jameson regarded water as the primary
agent of geological change.®5 Later in the course he treated the "uses of

Minerals in Medicine, Agriculture, the Arts, and in the economy of

Nature"; rocks too had their uses to man and within this great natural

60Tait, "Memoir", p.xxi; botany class lists 1836-7 (summer session),

Edinburgh University Library: J77e Ladirndurgiz Oniversiiy —Almarack
2cccrrr/lr (Maclachlan & Stewart: Edinburgh, 1833), p.13.
61Gee 2% for biographical details.

82 Introdiictory Zecture on the sclence aof /e engirneer (Richard Griffin:

London, 1857), p.18; Zdzindurghs AZwarack , pp.85-7.
63Mayer, "Rankine", p.205.

64 For biographical details see 247.

®5See Robert Jameson, 257 .
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economy; animals both vertebrate and invertebrate had their "Uses in the
economy of Nature". The course ended with a majestic assertion of "The

mutual relations that exist amongst all the objects in Nature, and those
general laws that appear to be common to the whole."66 Clearly for
Jameson the animal, vegetable and mineral kingdoms demonstrated nothing
less than a great unified "economical" system, self-regulating in its
action. Through his eminent teacher of natural history, and by other
means, Rankine absorbed this publicly available and convincing vision of a
perfectly~ordered world, to be repeated in modified form when the time

came to Justify his course of academic engineering to the British

Association in Glasgow (chapter 7).

It 1is likely that Robert Jameson assisted Rankine in a rather more

direct fashion. With David Brewster, Jameson founded the Z&@z722urg/%
Phllosophical JowrnaZ 1in 1819, which he edited from its tenth volume
until his death in 1854. Two of Rankine's earliest papers appeared in
this journal in 1849.97 As an ex-student of Jameson, his access to what
had by then become the Z2Zd7zrndwurglh New Flrilosophical JourrnalZ may well have
been facilitated: publication was an important asset in building a
scientific career. Rankine's very first paper, which will be discussed
later, addressed geological (or more accurately geothermal) problems of
the day which had almost certainly been introduced to him during Jameson's
lessons. Lewis Gordon had also studied with Jameson in the early 1830s,
and, like Jameson, went on to study at the Freiburg School of Mines in
1838 (chapter 6).68

G.E. Davie has described the broad, humanist scope of Scottish
University education during this period.®? In the light of this study it
is surprising to see no mention made of non-scientific subjects in the

list of classes attended by Rankine. Although this may be a consequence

6 Ztnturglh Almarnack , pp.87-94.
67See bibliography.

®8Constable, Gordo7, p.8.

$9G.E. Davie, e democratic intellect (2nd edition, Edinburgh
University Press: Edinburgh, 1964).
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of the predispositions of his biographers and obituarists, the particular

omission of any reference to formal study in mathematics requires further

explanation: the class 1lists show that Rankine did not attend the

mathematics course.’°®

William Wallace (1768-43) succeeded John Leslie as professor of
mathematics at Edinburgh in 1819.71 His style of mathematics fell broadly
within a well-established geometrical tradition tenaciously adhered to
within Scotland.’? 1In his University teaching he offered three separate
classes for students of varying standards. The most advanced class did
not always meet, though Wallace maintained apologetically in 1833 that "an

attempt is always made to form one'". When enough students were gathered

together the subjects chosen differed from year to year and might include
astronomy, navigation or gunnery; in one year amongst many "the Doctrine
of Fluxions, otherwise called the Differential and Integral Calculus" was
expounded.?’3  But in general Wallace showed some disdain for the modern
algebraic mathematics of post-Analytical Society Cambridge and had gone so
far as to suggest 1n 1823 that a course on the calculus should be
substituted by one on astronomy.7*

He remained at the University until in the late 1830s poor health
made it necessary, and a comfortable civil list pension of £300 made it
possible, for him to relinquish his duties. By the time of Rankine's
attendance at Edinburgh, then, Wallace was ailing and his retirement in

1838 1left the way open for a newcomer: there followed the controversial

election to the chair of mathematics of the high Cambridge wrangler Philip

7OMathematics class lists, Edinburgh University Library.
71For biographical details see 4% .
72See, for example, William Wallace, < geometrical ireatlse on tre conlc

seciions, wIiih an aqpperndirr, corntZainirng jormilae jor rhelr quadraiure
(Edinburgh, 1837); and Richard Olson, "Scottish philosophy and

ﬁla‘thematics 1750-1830", Jowrral of the History of ldeas , 32(1971), 29-

138ee Zdinturglh Almarack , pp.25-6 for Wallace's course in 1833.

"‘Morn, niverssty of Zdindurgs, p.97. The courses in the Scottish
universities were in many instances extremely malleable: Wallace's

predecessor had taught astronomy, geography, navigation, gunnery and
fortifications in addition to mathematics. 1Ibid.
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Kelland, an outcome engineered by James David Forbes, Edinburgh University

professor of natural philosophy.?5

It 1is clear that Rankine was not taught by the Cambridge reformer,
who only took up his position af'ter Rankine had left the University to
begin an engineering apprenticeship. But neither did he attend Wallace's
mathematics class. It remains uncertain whether he had much to gain from
the traditional geometry-based course of Wallace, given the mathematical
sophistication he had.achiéved*before coming to the University. Rankine
may well have shared the impatience shown by James David Forbes for
Wallace's teaching procedures.76

We may assume that, in this subject at least, Rankine was largely an
autodidact. Self-tuition might explain the somewhat idiosyncratic nature
of Rankine's mathematical language. It is impossible to discover the
resources for the development of his "mathematical style"™ with such
certainty as we might do for William Thomson, or George Gabriel Stokes,
regarded by contemporaries as mathematicians of the first rank with whon

Rankine later corresponded and was to some extent in intellectual

competition. Unlike Thomson, Stokes, Tait and Maxwell, Rankine had not
been exposed directly to tpe rigours of the Cambridge Mathematical Tripos;
but his work was often to be refereed and judged by those who had gone
through this arduous training.??7 This omission may well have contributed

to any resistance he met with in penetrating the Oxbridge-dominated mid-
nineteenth century scientific elite. But in a curious fashion, Rankine

was subjected to the influence of Cambridge, mediated through the teaching

75J.C. Shairp, P.G. Tait, and A. Adams-Reilly, ZZ/z and Zetters of James
lavid Fordes (Macmillan: London, 1873); Philip Kelland (1808-79), 27%.

15See Davie, Democratic intellect , pp.105-26, particularly pp.117-8.

77See for example letters 77-8, 80, 145, 228, 239, 242, 266-7 in David B.
Wilson (ed.), %e corresporndernce betweern Sir George Gabriel Stokes arnd
SIr HWilliam ZTrZomson, DBaron Aelvin of Largs (2 vols., Cambridge
University Press: Cambridge, 1990) for examples of Stokes and William
Thomson as referees for Rankine's papers on elasticity and other
topics; and the rather critical report by Philip Kelland of Rankine's
papers on heat presented to the Royal Society of Edinburgh, 14 March

1855, Acc. 10000/357, Royal Society of Edinburgh Archives, National
Library of Scotland.
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of Forbes whose natural philosophy class he attended during the sessions

1836~7 and 1837-8.78

Forbes was happy to regard himself as the disciple of the Cambridge

polymath William Whewell, accepting and courting the support of a

"Cambridge network" of d4ntellectuals.?’?9 An extended tour of London,
Cambridge and Oxford in the spring of 1831 had provided the opportunity

for the initiation of friendships with Somerville, John Herschel, Babbage,

Whewell » Lyell, Airy and Buckland, important scientific figures
all, and closely connected with the establishment and success of the
British Association for the Advancement of Science. Beyond these

friendships, Forbes's early experimental work on heat and meteorology was
closely influenced by members of this group. Measuring solar radiation

with Herschel's "actinometer", for example, was only one instance of that
"Humboldtian" science promulgated by the Oxbridge-dominated BAAS from the

early 1830s.8° Forbes's great enthusiasm during this period for the

78Tait, "Memoir", p.xxi; Rankine's admission certificate, Institution of
Civil Engineers: and natural philosophy class 1lists, Edinburgh
University Library. There has understandably been confusion between
W.J.M. Rankine and another of Forbes's pupils, John Rankine, who
published the "Results of observations made with Whewell's Anemometer",
Transactions of the Foyal Soclety of Fdinburgk , 14(1840), 359-7. This
paper has frequently been attributed to W.J.M. Rankine, an error which
appears to stem from a citation in the Royal Society catalogue of
scientific papers and is repeated, for example, in American Academy of
Arts and Sciences obituary (see bibliography). The 1836-7 session was
John Rankine's fifth as an arts student. He can clearly |Dbe

distinguished from Macquorn Rankine by his matriculation number (475).

Tge6 class books show that John did indeed attend Forbes's c¢lass 1in
1630-7.

T9For a discussion of the patterns of the teaching of natural philosophy
and "physics" in the early nineteenth century in Cambridge, London, and
Edinburgh see Crosbie Smith, "*Mechanical Philosophy' and the
Emergence of Physics in Britain: 1800-1850%", 4rwwaZs of Scierce
33(1976), 3-29, in particular, for the influence of Whewell on Forbes,
Pp.25-8. Susan Cannon developed the idea of a "Cambridge network" in
Seclence In (ultures the rtarly FVictorian period (Science History
Pubﬁications: New York, 1978), pp.29-71. For Forbes see especially
Pp.42-3.

80For the idea of "Humboldtian" science see Cannon, JSefernce &7 Culture
pp.73-110. For Cannon, Herschel's worldwide correlation of
meteorological observations (p.82) mark him out as a Humboldtian. The
early years of the British Association are discussed authoritatively in
Jack Morrell and Arnold Thackray, GernzlZemern of sciernce. ZFarly years of

e Brizisk Association jor the Advancement of Science (0xford
University Press: Oxford, 1981).
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British Association for the Advancement of Science almost certainly
influenced Rankine's move towards involvement with the organization in the
1850s (chapters 5 and 7).'

On election to the Edinburgh chair of natural philosophy in 1833,
having competed successfully but acrimoniously against his former mentor

David Brewster, Forbes aimed to establish a new centre of studies in the

Cambridge style, very much in contrast to the prevailing Scottish
tradition of popular, qualitative education. He hoped to "foster a spirit
for sound physico-mathematical attainment at present nearly unknown in
Scotland": working well within the University's administrative structure
he was made Dean of the Faculty of Arts in 1837, despite his junior
position.®! From this position of strength and wishing further to
consolidate a reforming position, Forbes manoeuvred for the appointment of
Philip Kelland to the-iEdinburgh chair of mathematics in 1838 in
preference to D.F. Gregory, one-time pupil of Wallace (although 1later
Cambridge-educated) and youngest son of James Gregory (1753-1821),
professor of medicine at Edinburgh university.%2 Gregory was 1likely to
continue teaching in a manner consistent with Scottish traditions.
Kelland, on the other hand, was the first Englishman with an exclusively
English education to occupy a chair in the University of Edinburgh: he was
also divorced from the spirit of Scottish university teaching.®3

For the natural philosophy class Forbes initially relied heavily upon
the guidance of Whewell, who recommended him to study, amongst other
writers, Poisson (on mechanics, hydrostatics and heat), Lacroix (on

calculus), and Fourier (on heat).®* But however much Forbes may have

81nporbes", 2%, p.398.

82Duncan Farquharson Gregory (1813-44), 2¥% : see also R.L. Ellis,

"Memoir of the late D.F. Gregory", Cambridye Hatrhematzical Jourrnal ,
4(1845), 145-52. Gregory's 1links with Cambridge, at least, were

strong. He was the founding editor of the dCamdridye Aatihematical
Journal .

33Morreél and Thackray, GenzlZemen of sciernce , p.480; "Kelland", 27,
p.1220.

84Smith, "Mechanical Philosophy", p.26.
30



regarded himself as a protégé of Whewell and an importer of the Cambridge
mathematical and physical style to the alien culture of the University of
Edinburgh, he could not aspire, and nor did he wish, to reproduce the
mathematical education offered there for his own students. Rather, he
fused the Scottish tradition of conceptual unity through "mechanical
philosophy" with an emphasis on Cambridge-style "mathematical physics" or
"mixed mathematics", with its peculiar receptivity to continental-style
developments. With the passing of the Copyright Act of 1837 the Edinburgh
University Library 1lost its right to a free copy of books published in
Britain, but compensation meant that the library was able and, under
Forbes, particularly willing to purchase foreign books.®5

A paper by Wilson offers material for a detailed assessment of
Forbes's course in comﬁgrison.with the natural philosophy course at
Glasgow College, and the Mathematical Tripos in Cambridge.®® Reservations
must be made regarding Wilson's approach, however, since he does not fully
consider the differing contexts of Edinburgh, Glasgow, and Cambridge.
Most importantly, in comparing Forbes's Edinburgh course with the

Cambridge Tripos, Wilson omits the professorial side of the Cambridge

curriculum, represented by such men as William Whewell and Robert Willis.

Stokes, for example, attended Willis's lectures on engineering as an
undergraduate (chapter 1). The varied and changing nature of this

Cambridge "voluntary science" and its relationship to the Mathematical

Tripos, heavily influenced by Whewell, has been extensively analysed by

Harvey Becher.87

Whewell, Herschel, Babbage, Peacock and Airy all played a part in the

introduction of continental mathematical analysis to Cambridge as a

85Horn, niversity of Zdinburg/ , p.98.

86pavid B. Wilson, "The educational matrix: physics education at early-
Victorian Cambridge, Edinburgh and Glasgow Universities", in P.M.
Harman (ed.), #rarglers and p/ysicists (Manchester University Press:
Manchester, 1985), pp.12-48, in particular pp.19-2l. -

87See Harvey W. Becher, "Voluntary Science in Nineteenth Century
Cambridge University to the 1850's", Zrszisk Jowurnal jfor tkie distory of

Sclence , 19(1986), 57-87; and Becher, "Whewell and Cambridge
Mathematics".
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supplement to the techniques of synthetic geometry: but Whewell remained

adamant that pure mathematics should be subordinated to applied. Urging
the continued expansion of applied mathematics in the curriculum in the
1830s, he gradually became convinced that the establishment of pure
analysis as a subject in its own right threatened to erode the foundations
of a Cambridge liberal education. Whewell's and Airy's shared style of
"mixed mathematics", blending analytical techniques with the demands of
particular physical problems, became the paradigm. But a reluctance to
see the untrammeled wuse of analysis without application to physical
problems meant that later, in the Mathematical Tripos at least, Whewell
moved back to the methods of synthetic geometry.®® John Herschel, one of
the founding members of the notorious Analytical Society, argued that
analysis should not just be a tool for mixed mathematics: it also deserved
to be developed in its own right.®9 But Forbes was more closely allied to
Whewell and Airy.9%°

Forbes's course was strong in physical subjects not well-represented
in Cambridge Tripos questions, or in the teaching of William Meikleham in
Glasgow.?! Although mathematically less sophisticated, Forbes offered a
much broader content than the Mathematical Tripos. In general, the
Cambridge wrangler, while expert in mechanics, hydrodynamics, gravitation
and optics would be relatively unschooled in heat, electricity and
magnetism, topics which were covered in Forbes's lectures.?? For the

Tripos, at least, heat, electricity and magnetism were very much marginal

Tripos subjects: there was a much greater concentration on physical

optics.93

Optics provided a significant point of contact between Cambridge and

885ee Becher, "Whewell and Cambridge Mathematics", passim.
39 Ibid- ’ pp-10'11 .

70See, for example, the extensive correpondence from Forbes to Airy over

many years in the:Airy papers, RGO 6, Cambridge University Library.
91Wilson, "Matrix", p.1h.

92Tbid., p.19.
931bid., p.16.
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Forbes's Edinburgh. The second edition of G.B. Airy's Aotlematical 7rec’Zs

which appeared 1in 1831 contained the undulatory theory of light and so
from this time questions on the subject could appear in the Mathematical
Tripos.9* Before his appointment as Astronomer Royal in 1835, Airy had

introduced Fresnel's wave theory of light to Cambridge, giving a course of
lectures with experimental demonstrations.?> It was a subject
particularly close to the hearts of Whewell and Challis, Airy's successor:
Whewell implored Airy to repeat his course the next year: "the want of
experimental lectures on that subject for a year...[would] be a real blank

in the philosophical discipline of our young mathematicians".96'";During

the winter of 1834-5 Forbes had prepared lectures on the wave theory for

his own students based on the works of Airy and Herschel.?7

Forbes's most active research at this time was connected with heat.
He effectively made his reputation as an experimental natural philosopher
through a series of investigations into the nature of radiant heat which

seemed to provide evidence for the unity of heat and 1light as an

undulatory or wave motion in the ether.9® The bulk of this work was

undertaken during precisely the period of Rankine's attendance at the

natural philosophy class. On 1 March 1836 Forbes wrote, appropriately

enough, to Airy:

Just a month ago I made the interesting discovery that Dark
[i.e. non-luminous] heat is circularly polarized by Total
Reflections in Rock Salt...This seems the most unimpeachable of
all proofs of its identity of nature with light.??

941bid., p.15.

950n the national scale, Herschel was a more influential proponent. See

G.N. Cantor, pzics qfter Newtorn. ITheories qgf 2:97Z In Srizaln and
Ilrelarnd, 1I704-7540 (Manchester University Press: Manchester, 1983), in
particular pp.159-66.

96Gee Becher, "Voluntary Science", p.70, where the letter from Whewell to

Airy of 28 March 1836 is partially reproduced. Airy gave the lectures:
110 students registered.

97Cantor, Opzics , p.16l4.

98Tbid., pp.170-1. For a discussion of the broader context of such
theories see Stephen G. Brush, "The wave theory of heat: a forgotten
stage in the transition from the caloric theory to thermodynamics",
SrIZish Journal jor rhe Kistory of ScZence , 5(1970), 145-67.

?9Forbes to G.B. Airy, 1 March 1836, RGO 6/368/307, Cambridge University
Library.
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After his demonstration of the double refraction of heat, Forbes

entertained no doubt about the importance of his experimental work and
believed that he deserved recognition from the scientific establishment of
the Royal Society of London. Two years later, Jjust a few months after

Rankine had left the class, Forbes again chose Airy as conf'idant:

My object in writing at present is first to ask your advice...

Briefly then I think that my Papers on Heat ought to have

obtained for me before now the award of the Rumford Medal.l©?
Covert action secured the award. Forbes's experimental work upon this
unifying theory provided a valuable resource for Rankine, whose hypothesis

of molecular vortices (a complex mechanical atomic model) was partially

designed to provide an explanatory mechanism for this apparent identity of

radiant heat and light.191

During Rankine's time in Forbes's class, lectures were given under
the broad headings of: introduction and general; properties of bodies;
statics: hydrostatics; dynamics; hydrodynamics; pneumatics; meteorology;
heat and the steam engine; optics; electromagnetism; and astronomy.!??
Mechanics, divided into statics and dynamics, formed the nucleus of the
course, and occupied almost half of the lectures given in each session.1?3
Thus we can trace Rankine's later emphasis on mechanical techniques both
in scientific work and, as "applied mechanics", in his academic
engineering, back through Forbes and Whewell, to see the primacy of this
branch of study within natural philosophy (chapter 8). Although the
nature of Rankine's mathematical education remains obscure, for his own
"firgt-division" (highest level) students Forbes recommended study of

Poisson's Aeclkarnzcs , Whewell's Aeckarics , and Airy on the undulatory

109Forbes to G.B. Airy, 20 September 1838, RGO 6/368/318, Cambridge
University Library. '

101See, for example, Rankine's "On the centrifugal theory of elasticity,

as applied to gases and vapours", in W.J. Millar (ed.), lscellareous

Sclentific FPagvers (Charles Griffin & Co.: London, 1881), p.18.
102wilson, "Matrix", p.22.

1037Tbid., p.24.
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theory.1°%* Thus, had Rankine not already been conversant with the
continental techniques of mathematical analysis through private study, he

would have become so thrdﬁgh.the ethos of Edinburgh natural philosophy.
Indeed, more generally, the similarities rather than the differences
between mathematics at Cambridge and Edinburgh have recently been
emphasized.1°5 As a specific example, in the early 1840s William Thomson
in Cambridge received lectures by Challis very much in the style of his
predecessor, Airy; in Edinburgh in the late 1830s, Rankine was taught by a
the young Forbes, saturated with the writings recommended by Whewell, and,
as we will see, anxious to stress in particular the wave theory of light.
Forbes's early pupils were enthusiastic. Writing to John Herschel in
1837, Forbes enclosed
a set of observations...made by some of my pupils...who have
formed themselves into a physico-mathematical society - likely 1
think to infuse a new spirit into this branch of our studies
here...106 |
Given Forbes's earlier identification with Herschel, this continued
correspondence, and alignment with one of the brightest stars of the

Cambridge network, comes as no surprise. In an effort to stimulate still

further activity, Forbes soon afterwards offered a prize to the class:

I have been attempting (not without success) to make [the
undulatory theory of light] a subject of study amongst my more

advanced pupils. I expect shortly to receive several Essays in
competition for a gold medal...97

In setting such a prize essay Forbes was following one of the minor
recommendations of the Royal Commission of 1826 which had exhibited
fervent wishes to Anglicize Scottish university education.1°® Contacts
with Herschel were matched by those with Airy: in March 1837, a delighted

Forbes informed Airy that five "really respectable compositions” had been

10471pbid., p.23.
10571bid., p.33.

106J.D. Forbes to J.F.W. Herschel, 19 January 1837, HS.7.292, Herschel
Letters, Royal Society of London.,

*97J.D. Forbes to J.F.W. Herschel, 14 February 1837, HS.7.293, Herschel
Letters, Royal Society of London.

198Horn, niverstty of Zdinturg% , pp.159 and 166.
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submitted on this "new subject in Scotland".1%9 Though this was Rankine's

first session at the University he was already a sufficiently "advanced

pupil® to become the recipient of this, his first of many academic

honours.110

That Forbes should have communicated with Herschel about the prize
which Rankine was soon to win is perhaps appropriate. Many years later
Rankine testified "how deeply 1 am indebted to the early study of your
[Herschel's] writings for such knowledge of mathematical physics as 1
possess."111  Thigs provides strong additional evidence that Forbes
recommended Herschel's classic text on scientific method, the Arelizmirary
Discourse on he Siudy of Natural Philosop/ky , to his more advanced
students, Rankine amongst them. This links Forbes once more with the
"Cambridge network". In so doing it places Rankine closely within that
dominant Cambridge tradition of natural philosophy associated with
Whewell, Airy, and Herschel. Rankine's later activities within the
Oxbridge dominated Mathematics and Physics Section of the BAAS and his

acceptance within a group of younger Cambridge alumni, including William

Thomson and G.G. Stokes, therefore appear as a natural extension of his
early academic apprenticeship with Forbes (chapter 8).
It 1is tempting to see links between the Edinburgh teaching and

research (particularly that of Forbes) and Rankine's own work. I will

briefly consider here three related issues: firstly, the traditional

Scottish emphasis placed on the connections between philosophical

!

speculations and scientific methodology: secondly, the question of
industrial applicability in Forbes's course and its relation to Rankine's
methodology of "engineering science"; and thirdly, Forbes's experimental

work, primarily that on radiant heat. The last issue prefaces a

*09Shairp, Tait, and Adams-Reilly, Avzdes, p.129. Quoted in Smith,
"Mechanical Philosophy", p.27.

110The prize essay itself has been lost.

1114.J.M. Rankine to J.F.W. Herschel, 20 January 1871, HS.14.469, Herschel
Letters, Royal Society of London.
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discussion of Rankine's earliest surviving paper. Analysing this
indicates the complexity of the sources for his work and shows him
engaging in contemporarily relevant scientific debate as early as 1840 at

which time most obituarists would have us believe that he was devoting all

his time and energy to assimilating the skills of the engineer.

The personal philosophical context

During his second session with Forbes, Rankine won a second prize: a gold
medal for "An Essay on Methods in Physical Investigation".l1!2 The essay
itself has been 1lost, which 1s particularly unfortunate given the
relatively prolific methodological essays which Rankine was to produce in
his 1later career.!13 Seen within the context of Scottish pedagogy this
emphasis on introspective analysis of scientific methodology fits
extremely well.!1%* In setting an essay on such a central i1ssue, Forbes
demonstrated again his willingness to place himself squarely within the
pedagogic traditions of the University of Edinburgh. Indeed, Forbes again
offered a prize for the most outstanding essay "on the best method of
arriving at truth in physical investigations" in the 1845-6 session.115
It is surely significant that Forbes actively encouraged his young pupils
to view their scientific endeavour as embedded within and arbitrated by a
broad methodological and philosophical context.

In spite of the loss of Rankine's early essay, we do know something
of his early personal philosophical inclinations: during his University
years he read metaphysics, in particular Aristotle, Locke, Hume, Stewart,

and "Degerando".1!® Dugald Stewart, professor of moral philosophy at

112Gordon, "Rankine", p.296.

113See in particular, Rankine's "On the use of mechanical hypotheses in
science, and especially in the theory of heat", ZAroceedings of 4e
Glasgow Fhllosophical Society , 5(1860-4), 126-32, which, I believe,
should be partly seen as a justification of his own molecular vortex
theory at a time when it was falling into disfavour.

113%8ee in general Davie, JDemocratic intellect , for a study of Scottish
University education at this time.
115Wilson, "Matrix", p.24, fn.31.

116Gordon, "Rankine", p.296.
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Edinburgh University in the late eighteenth century, was perhaps the most

influential member of the group of Scottish Common Sense philosophers, one

of whom (Thomas Reid) is conspicuously absent from Rankine's reading
list.117 The relations between this group and British natural
philosophers has received much attention, particularly in Rankine's case

with reference to methodological debates.l1®

A fundamental issue addressed was the use of hypotheses in the
practice of science. Reid in particular demanded the rejection of all
conjectures, hypotheses and theories, stressing those passages in Newton's
works which appeared to do the same: speaking broadly, this philosophy was
manifested in a contempt by one group of Scottish natural philosophers for

any hypothesis involving unobservable underlying causes which could not be

shown to exist independently by inductive methods.119
A second tradition, opposed to this "anti-conjectural" stance, sought
as one aim of science the reduction of knowledge to a few general

principles. Conflict formed, leading to an ambivalence over the use of

117Horn, Iniversizy of Zdzindurg” , p.o0.

1185ee Richard Olson, JScofziskh philosopiy arnd Britiskh physics 2750-1880
(Princeton University Press: Princeton and London, 1975), in particular
pp.271-86. David Channell has attempted to revise Olson's evaluation
of Rankine's writings in "The role of Thomas Reid's philosophy in
science and technology: the case of W.J.M. Rankine", in M. Dalgarno and
E. Matthews (eds.), Z%e phtlosopky of ZZomas Reid (Kluwer Academic:
Dordrecht, 1989), pp.447-55. Channell provides no evidence that
Rankine read the work of Reid, merely asserting (p.U449) that he "was
most likely first introduced to Reid's philosophy through the writings
of Dugald Stewart". In Channell's partially revised and marginally
more convincing version of this paper Reid has been displaced by
Stewart (in other respects the text is surprisingly similar) but the
lack of contextual analysis and temporal, textual, or even conceptual
specificity in the argument leaves substantial doubt as to how exactly
such philosophical determinism was achieved. See however, Channell's
"W.J.M. Rankine and the Scottish Roots of Engineering Science", in
Elizabeth Gerber (ed.), JZJLeyord Fistory of Scierce. Lssays In Lornor gf
Fodert . Schosfrfeld (Lehigh University Press: Bethlehem, 1990), pp.194-
203. He has also pointed out Rankine's (self-acknowledged) debt to
Aristotle in his choice of the expressions "potential™ and "actual"
energy during the early 1850s. See "Rankine, Aristotle and potential
energy", e Pillosophical JournaZ , 14(1978), 111-4, Cardwell had
previously referred to this "Aristotelian dichotomy": D.S.L. Cardwell,
From #marz Zo Clausius. The rise gf rhermodyramics In the early
ndustrial age (Heinemann: London, 1971), p.282.

'19G.N. Cantor, "Henry Brougham and the Scottish methodological

tradition", Szudies in zie History arnd Phrlosopky of Science , 2(1971),
69-89, in particular pp.71-4.
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the word "hypothesis". Within the second group the analogical use of a

hypothesis (in the sense of the application of a general principle, shown
inductively to exist in certain circumstances, to a new situation),
was acceptable. Frequently such hypotheses, although of inferior logical
status, were afforded a high degree of probability. Dugald Stewart and

Thomas Brown represented this more lenient attitude towards hypotheses as
necessary to the first stages of science viewed as a progressive
endeavour. This pragmatic stance was well formed to reconcile Reid's
views with those of their own scientific acquaintances.!2?° Rankine's

"hypothesis of molecular vortices" would appear to fall most closely

within this category.
The 1last in Gordon's list is a less well-known figure, but can
ultimately be located within a similar tradition. Joseph Marie de Gérando

(1772-1842) was a French politician, philanthropist and philosopher of

Italian ancestry who held high administrative posts under Napoleon I. He
was the author of many boo'ks , Including an AFrszorre de philosopizie (1803)
and, perhaps most importantly here, Jdes sigres ez de 7’art de penser,
conslaeres dans leurs rapports mutuels (1800). This work contributed to
the tradition of the s@dologwes who during this period formed the
dominant philosophical group in France. Destutt de Tracy (1754-1836) had
introduced the term 7s2dvlogse to signify the "science of the analysis of
sensations and ideas" and the members of one section of the Second Class
of the Institut National (founded 1795), devoting themselves to that study
in place of metaphysics, became known as the s@ddvZogwes . They regarded
themselves as developing a field opened by John Locke and further
exploited by Condillac in which Zerwwage was regarded as essential to all
processes of thought. Their influence in Britain was due mainly to the

interest shown by the Common Sense philosophers in their work.12! 1In this

12071bid., pp.75-9.

*2!1My account of De Gerando is based on Paul Edwards (ed.), JZ%e

';5’4%4'8{;9;7990’:'4 o)f Frrlosopiy (7 vols., Collier Macmillan: London, 1967),
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sense "Degerando" was one representative of a philosophical tradition

linking Locke to Stewart and providing Rankine with a coherent if
sceptical philosophical education.

I will not discuss the possible influence of these writers in detail
here. It is worth commenting more generally, however, that the skilled
analysis, construction, and (possibly rhetorical) justification of
research methodologies, stimulated by a traditional Scottish predilection
for philosophical study, was a useful preliminary exercise for Rankine's
construction and presentation of a methodology of "engineering science”

in the 1850s (chapter 7). I would suggest further that the cultural
emphasis placed upon a self-conscious consideration of hypotheses within
scientific theory not only gave Rankine the opportunity to justify his own

hypothesis of molecular vortices, upon which his reputation within the
scientific community was seen to rest; it also provided him with the
opportunity to dismiss the hypothesis of substantial heat (the caloric
theory) which he saw, firstly, as opposing his own scientific work and,
secondly, as a major impediment to the widespread acceptance of the
advantages of the air-engine (chapters 5 and 7). Rankine's interest in
the reform of scientific language might provisionally be linked to his
reading of De Gerando. The promotion of "energy" physics is only perhaps

the most successful example of the territorial use of new or ornate words,
often respectably rooted in ancient Greek, in the construction and
annexation of scientific concepts and intellectual property. For all

these reasons, the philosophical context can be viewed as a very personal

one.
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The industrial applicability of natural philosophy
During Rankine's first session in the natural philosophy class seventeen
lectures were given on "heat and [the] steam engine", according to

Forbes's own classification.l2?2 These topics therefore formed a major

part of the curriculum. The connection made between "heat" and the "steam

engine"” indicates what is for Rankine an early and explicit statement of

the application of science to practice. It strengthens, but also
qualifies, Michael Sanderson's implication that Forbes was directly
comnitted to making his course industrially applicable.123

Pointing up this potential connection with Forbes and a number of

practically oriented ex-pupils and natural philosophers (Gordon, Rankine,

Maxwell, and Tait) must be done with some care. Sanderson has described
the Edinburgh natural philosophy class as particularly "industrially
relevant", at least during the late 1850s. At this time Forbes dealt with
such down-to-earth topics as boiler safety plugs, tubular bridges, and
locomotives,12* but, as Wilson has shown in his study of natural

philosophy 1in Britain encompassing that earlier period more directly

relevant to Rankine, Forbes's class varied considerably from year to year
both in size and in content.l!25 By 1860 at least Forbes could write of
the "intimate and reciprocal" connection between natural philosophy and
"The Mechanical Arts, of which we take Civil Engineering to represent the
department most cognate to that of‘NaturalPhilosophy“.126

Perhaps more interestﬁng'in this context is an indication that Forbes

had direct 1links with the new engineering courses at the University of

*228ee table in Wilson, "Matrix", p.22 giving Forbes's divisions of
lectures for each university session.

123Michael Sanderson, J%e wrniversitics and Britlsh nauUstry 18650-2570

(Routledge: London, 1972), particularly p.158.
1237bid., p.158.

125See Wilson, "Matrix".

1263.D. Forbes, "Dissertation sixth: exhibiting a general view of the

progress of mathematical and physical science, principally from 1775 to

1850", in Z%e frncyclopoedia Britannica , 8th edn, 1, pp.795-996.
Quoted in Wilson, "Matrix", p.21.
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Durham which had been proposed in 1838.127 Indeed, in the summer of 1840
he wrote to Airy, who supported the style of engineering promoted by the
Institution of Civil Engineers (chapter 3): "I beg leave to send you some
papers I have set for the Durham Engineer students".12® It seems clear
that Forbes did not actually offer a consistent course in civil
engineering at Edinburgh before this date however, since in October of the

same year he expressed his reluctance to begin such an endeavour:

I have...got some hints that if I would work double tides &
lecture on Engineering as well as Nat. Phil. I might have
something [i.e. an increased income] too. But I fear this new
task would both exhaust my physical powers (2 lectures a day is
killing work if they are good ones) & wholly draw me away from

those branches of science in which I am making some
progress...l29

Forbes had no qualms about his ability to lecture on engineering (as
professor of natural philosophy) and, from the evidence of this letter at
the very 1least, regarded engineering as anything but an inappropriate

subject of tuition within the University of Edinburgh, even though

such a class would compete with his former pupil Lewis Gordon's new course
in Glasgow (chapter 6). In harmony with this attitude, Robert Willis and
William Whewell worked together to introduce engineering not merely as
part of the Cambridge professorial curriculum, but as suitable advanced
reading for a liberal education (chapter 1).130

Forbes's reticence stemmed only from the already heavy burden of

existing work,131 We can conclude then that although Forbes did not
actually lecture explicitly on civil engineering during Rankine's

attendance at the natural philosophy class, he did include material of

'27For information on this short-lived course, see R.A. Buchanan, 7%

ENGIneers, a Alstory af rie engirneerirng proyession In Brizairn I750-7974
(Jessica Kingsley: London, 1989), pp.165-6.

1283.D. Forbes to G.B. Airy, 26 June 1840, writing from "Durham College",
RGO 6/368/329, Cambridge University Library.

1293.D. Forbes to G.B. Airy, 20 October 1840, RG06/368/334, Cambridge
University Library.

130Becher, "Voluntary Science", p.68.

131Some classes of engineering appear to have taken place in Edinburgh

before 1841, however, but they were experimental in nature and did not
last long. See Buchanan, Zzgzneers , pp.165-6.
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direct practical relevance (for example, the steam engine) and he was in

general, even at this early stage, sympathetic to the notion of civil

engineering as a topic suitable for inclusion within the curriculum of a

Scottish University.

This sympathy resulted partly from self-interest. Students in
"academic" civil engineering were potential class fee-payers. In the late
1840s and mid 1850s Forbes ;imultaneously defended his perceived right to
teach subjects relevant to engineering and repelled the attempts of those
such as Gordon and George Wilson who threatened to define either academic
engineering or "technology" in a way which encroached upon natural
philosophy (chapter 1, 6 and 7). Indeed, according to Forbes's own
classification, lectures on "civil engineering" as such were not given
until the session of 1855-6.132 Significantly, this was the year in which
Rankine was appointed to the revivified and potentially competing Glasgow
University regius chair of civil engineering and mechanics, and George
Wilson became the first professor of technology at the University of

Edinburgh. These issues, and the more general question of the extent to
which the syllabus of ‘a university class might be modified by such

external factors will prove to be of great importance when I come to deal

with the Glasgow professorship (chapters 6 and 7).

Charting the heat of the Earth
In a study of what he describes as a "forgotten transition" from the
caloric theory to thermodynamics, Stephen Brush identifies James David

Forbes as an early supporter of a dynamical unduiatony or wave theory of

heat which regarded radiant heat and light as essentially the same
phenomenon, manifesting the same properties.!33 Forbes was actively
investigating the properties of radiant heat (and using his results to

lobby for academic honours) contemporaneously with the two university

132yilson, "Matrix", p.22.
133Brush, "Wave theory", p.155.
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sessions of 1836-8. Two papers, based on experimental work relating to

the polarization and refraction of heat, immediately pre-date Rankine's

attendance at the natural philosophy class;13* and Rankine began to
develop his contentious h&pothesis of molecular vortices, itself within
this tradition of wave theories of heat!35 as early as 1842 when we can
still dimagine him to be under Forbes's influence. The 1longer term
relationship was particularly useful for Rankine in connection with his
elevation to the scientific elite through presentation of papers on the
mechanical action of heat to the Royal Society of Edinburgh of which
Forbes was long-serving Secretary (chapter 14).

I now wish to consider, within the contexts that have been sketched
so far, Rankine's first known publication entitled "On the laws of the

conduction of heat and on their application to some geothermal
problems".13% Significantly, this work appeared in a journal intimately
associated with the Univepgity of Edinburgh, indicating the continuity in
Rankine's research career which has often been denied. During the 1837-8
session (Rankine's second) the budding natural historian Edward Forbes had
returned to Edinburgh where he took an active part in the notorious
"snowball riots", the subject of much of the contents of his revived and
.lighthearted jJournal, the Mniversizy Haga . An inveterate publicist and
former of societies, Edward Forbes had founded the "Edinburgh University
Club" towards the end of 1839, under whose auspices an "Academic Annual"
was published in 1840. (In spite of the title, no others followed.)
Broad in scope, to the point of miscellany, the volume included

contributions from such eminent (or soon to be so) individuals as Edward

134James David Forbes, "On the refraction and polarization of heat",
Iransactions of the Foyal Society of Lairndurg”s , 13(1835), 131-68; and
"Note respecting the undulatory theory of heat, and on the circular
polarization of heat by total reflection", 2irZosovkical Hagaszire
third series, 7(1836), 246-9.

135Brush, "Wave theory", p.163.

1365ce 272 Ladindurgh academic avwial Jor AXCCHZ, CoNnNsIsting aof
coniridutions In literature arnd science by alumnl of rrhe Iniversity of
Ldindurgs (Adam and Charles Black: Edinburgh, 1840), pp.48-65.
Internal evidence suggests that the volume was prepared between late
1839 and early 1840. This work was traced by Keith Hutchison.
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Forbes himself (onmolluscé), George Wilson (on haloid salts), and John

Lee, who provided a lengthy historical sketch of the University by way of
introduction.!37 The comparative obscurity of this publication does
perhaps explain its neglect by historians.13® The existence of Rankine's
paper, however, emphatically explodes the mythical image of an engineer
who turned to natural philosophy late in a dilettantish fashion.!39 It
strengthens the far more plausible hypothesis of sustained interest in

scientific subjects of contemporary concern throughout the 1840s, very

probably pre-dating attendance at Forbes's class. My discussion 1links
Rankine's early work closely to a "literary and philosophical"™ club-
joining and publication-promoting culture, the teaching at Edinburgh, and
more generally to currgpt subjects of scientific debate in the early
1840s. Further, it shows him making a bid for recognition and acceptance
within 1local academic and, more broadly, contemporary scientific
communities.

Rankine stated two primary aims: firstly, to establish the "general
differential equation of the motion of heat in solid bodies"; and
secondly, having done so, to carry out "the integration of that equation
in the case of an homogeneous sphere, which has arrived at a permanent
state of temperature, and the application of the formulae thus obtained to
an approximative determination of the law of distribution of temperature,
which the hypothesis of primitive fluidity assigns to the interior of the

earth". He drew upon the work of a broad sample of scientific

137Edward Forbes (1815-54), 2¥%, prominent, if somewhat eccentric, member
of the British Association, and founder of its "Red Lion" c¢lub, or
which Rankine became a leading member; George Wilson (1818-59), 27,
had entered the University in 1832 and in 1855 became its first (and
only) professor of technology at Edinburgh University. Lee was
Principal of the University from 1840 to 1859. See Horn, nZversizy o/
Ladinourgs , p.103. Lee's sketch was reissued as 77e niversitzy o/
Larndurgh LFrom Its fouwrdation in 75835 to trhe Year 18359 A KHistorical
Sketerz (David Douglas: Edinburgh, 1884).

138Keith Hutchison mentions it (without discussion) in his "Rise of
thermodynamics".

139Richard Olson asserts more mildly that between 1838 and 1848 "Rankine

turned most of his attention to his work as a civil engineer". Olson,
Scollish phllosoply and Britisih physics , p.272.
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authorities, almost exclusively French (Fourier, Poisson, Laplace, Dulong

and Petit, and Arago: the unremarkable exception was Newton) but showed
himself indebted to a far richer intellectual and methodological network.
The validity of Fourier's fundamental equation of heat conduction was
under question. The investigations of Fourier, Laplace, and Poisson into
the temperature distribution of a homogeneous solid sphere had all been

based on Newton's law of cooling, which asserted that

the velocity of the emission of heat from the surface of a body

is proportional to the excess of its temperature above that of
the surrounding medium...1%°

However, as long ago as 1813,

The experimental researches of MM. Dulong and Petit...have
proved that the true form of the function [of temperature, u,
giving velocity of emission] f.u is e®*% + C...The law of Newton
has thus been shown to be only an approximation.l%1

In drawing attention to the work of these two authors Rankine was
following, most immediately, Forbes and Kelland. Forbes dealt
specifically with Dulong and Petit's law of cooling alongside Newton's in

his lectures which, in 1833-4, immediately went on to speculate "as to the
original form and Temperature of the Globe" and "Their bearing upon

Geological facts".l!%? 1In 1837, while Rankine was still studying, Kelland

had published his ZZeory of Hear which, in Laplacian style, emphasized the
search for a reduction of physical phenomena to inverse square forces.

Links existing between Forbes and Kelland made this 1likely recommended

reading for students in the natural philosophy class.143

Rankine's paper of 1840 echoed the doubt expressed by Kelland

concerning Fourier's use of Newton's law of cooling, rather than that of

Dulong and Petit. In a paper presented to the British Association in

1“°Rankine, "Conduction", p.49.

1%171bid., p.56. Notation slightly altered.
102 ginturgh Almarnack , p.35.

143Kelland made significant and, it transpired, hasty criticisms of
Fourier's techniques (particularly regarding the use of certain
infinite series) which prompted a defensive response from the young
William Thomson. See Smith, "Mechanical Philosophy", p.28; Smith and
Wise, Znergy arnd ZmpZre , pp.166-8.
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September 1840 at Glasgow, Kelland strongly reiterated this particular
criticism, pointing out, however, the "total inadequacy" of "our
experimental knowledge of the transmission of heat...to serve as the test
of any precise and accurate theory".1%** Almost a year earlier, before the
publication of Rankine's paper, Kelland had raised this issue at a meeting

of the Royal Society of Edinburgh.1%5

Kelland appears almost certainly to have been the source of this idea
within Rankine's paper. 'In a report on heat conduction presented to the
BAAS in 1841 he asserted that the law of cooling of Dulong and Petit,
based on the air-thermometer temperature scale, itself dependent on Dulong
and Petit's more famous law of the dilatation of gases, was the correct

form "so far as we can see at present".l%® Kelland was particularly

critical of Poisson for his initial failure to take into account the new
law of cooling, and even then, having remedied this defect in his Z%dorse
Hazicmatigue de Za Chalewrof 1835, for producing little more than "a
display of analytical artifice". It was Poisson's result from this work,

based on the assumption that both the internal and external transmission

of heat followed the law of cooling of Dulong and Petit, that Rankine,

consciously or not, had replicated:

We have only to add, that M. Poisson's equation has been deduced
by Mr. Rankine in the “Edinburgh Academic Annual,' and applied
to the determination of the temperature of a heated globe.l*7

In guiding Forbes in the early 1830s, Whewell laid emphasis on the works
of Poisson dealing with heat: these works were an available resource for
Rankine, a member of the next intellectual generation. But Rankine

believed that Poisson had not adequately applied the new law of cooling to

the case of a solid sphere.

14%"0n the Conduction of Heat", Z44S Fewors , 10(1840), part 2, 15-16; see

also Crosbie Smith, Z%e Sciernce qf Zrnergy (Forthcoming).

Sg e the AProceedings qf the Royal Soclety of Fdinburg%s for 16 December

1639, p.279.

146"0n the Present State of our Theoretical and Experimental Knowledge of
the Laws of Conduction of Heat", A&Z4¢ Fepor?z , 11(1841), part 1, 1-25.

Kelland drew attention to the confused state of theories and the lack
of experimental data.

1471bid., p.9. |
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By making this reference Kelland placed Rankine on the same

stage as Poisson and Fourier, albeit in a minor role. In that sense,
through the British Association, Rankine had indeed achieved national

recognition. But Kelland's description of the "application" made by
Rankine "to a heated globe" was a little dismissive. In fact the paper
addressed two major contentious geological issues of the day: the
hypothesis of the earth's central heat; and the hypothesis of the earth's
primitive fluidity or nebulosity, stemming most immediately perhaps f{rom

Glasgow professor of practical astronomy J.P. Nichol's nebular hypothesis,

and more distantly from Laplace.l%8

In the early 1820s Fourier had analyzed the cooling of the earth

assuming 1t to have had an original or primitive central store of heat.

William Whewell had 1later praised Fourier in his 1835 Report to the
British Association. But both Poisson and Lyell criticized this notion of
primitive central heat: most importantly for the latter, i1t seemed to
challenge Lyell's steady-state, or uniformitarian (and therefore
essentially anti—progreggionist) theory of the Earth's geological
change.1%9 More recently, such geological questions had been a concern of
James David Forbes working within the British Association for the
Advancement of Science. At the 1836 meeting a committee including Forbes
and John Phillips reported on experiments on subterranean temperatures
which provide empirical data relevant to this issue.!3?° Nichol was
largely responsible for popularizing the nebular hypothesis in Britain as

a model of progressive development in the heavens and in human society,

148For an overview of the competing theories see Stephen G. Brush,
"Nineteenth-Century Debates about the Inside of the Earth: Solid,
Liquid or Gas?", Awzals of Scierce , 36(1979), 225-54.

1498ee, for example, Smith and Wise, Zrerqy ard Zmpire , pp.192-5.

15%Crosbie Smith, "William Hopkins and the shaping of Dynamical Geology:
1830-1860", ZBritish Journal jor the History of Sclence , 22(1989), 27-
52. Phillips (1800-74) was the active, long-serving, and increasingly
academically-eminent Assistant Secretary of the British Association.
See Morrell and Thackray, GenzlZewern of sczerce , particularly pp.537-8:

and Z#% . Phillips was later a sponsor for Rankine's election to the
Royal Society of London.
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particularly through his JVieus of 2he Archftecture of the Heavers which

was published in Edinburgh while Rankine was a student in 1837.151

The main thrust of the paper, then, was to find the "true" law of
conduction and the "true" distribution of temperature throughout the
earth, on the contemporary hypotheses of primitive fluidity and central
heat. This comparatively easy "application" of a scientific "law",
written in the 1language of mathematics, to a practical problem was
coherent with the Whewellian ethic of mixed mathematics adopted gladly by
Forbes, and partially at odds with what Kelland, at 1least, by 1841
described as "theoretical writers... [such as Poisson who] have not
presented their results in a form sufficiently tangible to direct or
suggest the application of experiment to them."152

Taking Newton's law with the hypothesis of primitive fluidity implied
(via a solution in the form of a sum of exponential functions 1in the
style of Fourier) thatmogt of the Earth's bulk was a fluid nucleus; that
there was a relatively thin crust; and that the mean temperature was

enormous 1n comparison to that of the surface. For the geologist in

favour of the hypothesis this added substance to the contention that
geological change came about through volcanic action, the belief of the

geological "Vulcanists". For those against the hypothesis, these
conclusions, and in particular the great temperature difference

constituted a serious objection.l!53 The positive view had been ably
promoted by Gustav Bischof in a series of papers published in Jameson's
Edindurgh New Philosophical Journal between 1836 and 1839; the objection
had been made by Poisson's recent ZZdorie Matkhématique de la Chaleur 15°

On the basis of Dulong and Petit, Rankine had derived a non-linear

differential equation which was therefore less tractable than Fourier's.

151Simon Schaffer, "The nebular hypothesis and the science of progress",

in James R. Moore (ed.), Zlszory, LKLumansty arnd tyvolution (Cambridge
University Press: Cambridge, 1989), 131-6l4.

152Kelland, "Knowledge of Conduction", p.2l.
153Rankine, "Conduction", p.60.

154Bprush, "Inside the Earth", pp.228qand 230.
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However, he succeeded in obtaining a solution for the special case of the
Earth considered as a homogeneous sphere undergoing no sensible change in

temperature with time (Kelland's "heated globe"). From this, the law of
Dulong and Petit plus primitive fluidity or nebulosity implied that "no
appreciable portion of the earth retains its original liquid form"™ and the
excess of the mean to the surface temperature was about 1/160 of that
calculated in the first method.155 Since these conclusions argued against
the Vulcanists' position, Rankine could be seen as aligning himself with
the opposing camp of "Neptunists"™ and hence with Jameson. Although not
explicitly stated, Rankine's deductions appeared to resolve two principal
objections to the doctrines of central heat and primitive fluidity, or
nebulosity of the earth, favoured by Williams Hopkins (the Cambridge
wrangler-maker and geologist) and Whewell. The first of these was
Poisson's; the second related to astronomical considerations which
strongly suggested that the earth moved in the heavens as if it were
solid, or almost completely so, as Rankine's calculations suggested.

Apparent success within this framework must have added plausibility to the
validity of his general equation for heat conduction.

On this issue, then, Rankine can be tentatively placed within this
Cambridge camp. But curiously he made no explicit statement in this paper
regarding his personal alignment to the progressive views which tended to

be championed by such "centralists". Indeed, his second calculation,

according to the law of Dulong and Petit had been contingent upon the

assumption that ’

the so0lid [under consideration] is supposed to have arrived
sensibly at a state of equilibrium of temperature, which is
certainly the case with respect to the earth,156

Methodologically, the paper is interesting too. Although the work of

a young writer, we can interpret Rankine's statements here as accurately

representing his methodological views, particularly in light of his second

155Rankine, "Conduction", p.6l.
156Tbid., p.56.
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prize-winning essay for Forbes. The self-conscious and critical
references to specific hypotheses (of central heat and primitive fluidity
or nebulosity) and the avoidance of hypotheses perceived to be unnecessary

for the development of the scientific argument (as to the nature of heat)

itself fall within the traditions of Scottish Common Sense philosophy. To
obtain the general differential equation for conduction, Rankine's
analysis was based on the radiation of heat from "particles" (of an
unspecified nature) through an element of surface. A shift of language
part way through his argument made possible the introduction of
"molecules", and the "flow of heat through faces" of rectangular volume
elements (arguing in the style of Fourier), to arrive at a general
equation. The analysis depended ultimately on the assumed macroscopic
properties of the radiation of heat, which demonstrated Rankine's
indebtedness to the experimental work of Forbes; but Rankine provided no
explicit hypothesis as to the nature of the "motion of heat", or its

cause. Unlike Kelland, who suggested that heat was transmitted by caloric

particles forming the atmosphere of atoms, Rankine was conspicuously non-
hypothetical 1in his discussion of the transmission of heat, and made no

reference to the existence (or otherwise) of "caloric". His later

writings show a pointed antipathy to the caloric theory (chapters 5 and
7).

More strikingly, the central questions of exactness and
approximation, and the relation of these to perceptions of scientific
truth, were continually stressed. Rankine compared the "approximate
law...assumed by Newton, with those of the exact law [of Dulong and
Petit]".157 The experimentally-exact law gave the "true form" of the
velocity of emission of heat: Newton's law, being only experimentally

approximate, was but an approximation to the truth. By using "the

exact...law of radiation" it was possible to get "more near approximation

157Ibid., p.28.
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to the true solution” for the temperature distribution of the earth.158

This ethic of accurate quantification as the basis of humanly-knowable

truth became increasingly dominant in British scientific culture through
the nineteenth century. Most conspicuously, and more specifically, it had
been advocated by John Herschell5? in his Preliwmirnary Discourse which it
seems likely that Rankine had read. Through Whewell and most immediately
through Forbes this cultupg of precision was likely to have permeated the
scientific experience of the young Rankine, directing the role of

measurement in his early papers and informing his attitude towards

experimental evidence within a personally constructed and widely marketed

"engineering science" (chapters 7 and 8).

Combining these, the paper strove to test and support geological (and
cosmological) hypotheses by incorporating and generating accurate data
using the powerful tools of analytical mathematics. Rankine had begun his
paper with the assertion that "the geological hypothesis of central heat"
led to consequences regarding the internal temperature of the Earth which

"have never been rigidly determined by mathematical analysis",160
Immediately he placed himself within the Cambridge analytical tradition.

This beginning of an attempt to mathematize one aspect of geological

research was concurrent with a similar movement in Cambridge 1led by

William Hopkinsg.161

In concluding this discussion, I will mention two further related
issues. Firstly, it was crucial to have access to reliably accurate
experimental and practical information: in this case Rankine .derived a
value for the rate of increase of temperature of the Earth with depth from
the work of Arago on Artesian wells.!®2 But he also drew on eminently

practical, not to say industrial, sources to obtain a realistic figure for

15%1bid., p.50.
159Smith, "Dynamical Geology", p.28.
160Rankine, "Conduction", p.49.

1615pith, "Dynamical Geology". William Hopkins, Z2Z#%# . Crosbie Smith has

emphasized the combined contemporary importance of the issues of
measurement and mathematization.

162Rankine, "Conduction", p.58.
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the minimum temperature of the supposed fluid nucleus of the earth: "[The]

temperature of a glass furnace is usually estimated at about 10,000
centigrade degrees...".1®3 Secondly, in his paper Rankine mapped the
temperature distribution throughout the interior of the Earth simply as a
function of radial distance from the centre: his graph can be viewed as a
highly abstracted geological (or geothermal) section charting a "perfect"
world to which the "actual" world was but an approximation.1®® The use of
a graphical representation extended what Martin Rudwick has described as
an increasingly theory-laden visual language of geological science.105
But going further, this interplay of data taken from the field with high-
powered mathematical analysis to derive general solutions of geographical
and terrestrial significance shows an extension of the ideals and
practices of charting the Earth exemplified in the British Association's
"Magnetic Crusade", the Geological Survey!®® and many other such large
scale projects carried out in a spirit of "Humboldtian" science.

We can now delineate the resources for Rankine's early work: the

traditional Scottish educational emphasis on philosophical and
methodological considerations and the avoidance of unnecessary hypotheses
in the style of Common Sense philosophy; a reforming education in natural
philosophy from Forbes in a fashion which integrated Scottish traditions,
was symﬁﬁthetic to (if not active 1in) the academic teaching of

engineering, and showed respect for Cambridge "mathematical physics";

current critical interest in theories of heat conduction; knowledge of

1631bid., p.60.

16471hid., graph facing p.49.

165See Martin J.S. Rudwick, "The emergence of a visual 1language for
geological science 1760-1840", ZFrszory o/ Scienrce , 14(1976), 149-95,
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