From King’s Instrument Repository
to National Physical Laboratory:
Kew Observatory, physics and the Victorian world,
1840-1900

Lee Todd Macdonald

Submitted in accordance with the requirementsHerdegree of

Doctor of Philosophy

The University of Leeds
School of Philosophy, Religion and History of Saen
September 2015



The candidate confirms that the work submitted iss dwn and that appropriate

credit has been given where reference has been imalde work of others.

This copy has been supplied on the understandiagitths copyright material and
that no quotation from the thesis may be publishedihout proper
acknowledgement.

© 2015 The University of Leeds and Lee Todd Macdtbna

The right of Lee Todd Macdonald to be identifiedAaghor of this work has been
asserted by him in accordance with the Copyriglksigns and Patents Act 1988.



Acknowledgements

First of all, 1 would like to thank Professor Graenbooday and the School of
Philosophy, Religion and History of Science at theiversity of Leeds, for the
three-year studentship that made this PhD possiblenust also thank Graeme
Gooday for being such a fine supervisor — patiergbding my work, encouraging
me to think critically, and above all for his dealion and professionalism.

In particular, my research for this thesis has enagk of a very large quantity
of unpublished archival material, spread over liocat spanning nearly six degrees
of latitude across the UK — from Exeter on the Bamést coast of England to St
Andrews on the North Sea coast of Scotland. MagkwBck and his colleagues at
the National Meteorological Library, managed by Met Office in Exeter, were
ever helpful in granting me access to the unpubtshinutes of the Kew Committee
and the 1850-1851 ‘Kew Diary’. Similarly, thank® alue to the National Archives
for access to the Kew Observatory papers, as wsll same invaluable
correspondence of John Herschel and Edward Salikied¢h Moore and colleagues
at the Royal Society Library and Archives went abaend beyond the call of duty,
especially with lugging out volume after volume &ferschel and Sabine
correspondence. | must particularly thank the R&yeiety for allowing me to use
my photographs of the Kew Committee minutes in F@gl6.1 and 6.2 of this thesis.
| am grateful to Jon Cable and his colleagues atlistitution of Engineering and
Technology for allowing me access to the paperSrahcis Ronalds, which helped
me to gain new insights into the early years of Kelservatory under the British
Association for the Advancement of Science. Theutas of the British Association
Council are housed at the Bodleian Library in Odfand | thank the staff at the
Bodleian for access to these. At Cambridge Unitsetsbrary, Adam Perkins and
his team provided generous help with access torpapethe Royal Greenwich
Observatory Archives. The correspondence of Jdbassd Forbes at St Andrews
University helped shed some important new lightk@w Observatory in the mid-
nineteenth century and | must thank Dr Isobel Fadcofor pointing me to the
location of these papers. Thanks are also dudafb & the Special Collections

department of Leeds University Library for access/arious items, and the Harry



Ransom Humanities Center at the University of Tek#3A, for arranging to send
electronic scans of Herschel correspondence.

I thank Sian Prosser, Librarian of the Royal Astimical Society, for
permission to use the images in Figures 2.1, 2.2, &d 4.1 of this thesis.
Alexandra Johnson of the Science Museum in Londorepusly gave of her time
in showing me around the Museum’s collection oftrimments from Kew
Observatory. | must thank Alexandra for permisdioruse the photographs that |
took of the thermometers in Figures 3.2 and 5.1.

The School of Philosophy, Religion and History Sdience at Leeds has
proved to be a stimulating environment in whichwork and | have benefited
greatly from discussions with colleagues at sersiramd lunchtime gatherings,
notably Jon Topham, Adrian Wilson, Liz Bruton anchn® Hanley, as well as
Graeme Gooday. Interactions with several of tleedleagues have encouraged me
to think about continuities between different pda@f history. | must also thank all
the members of the School’'s reading group on th&oHi of Technology, who
provided much valuable feedback on a paper | atedlto them. This was based on
part of Chapter 4 of this thesis and has since laeeepted for publication in the
Journal for the History of Astronom{see below). Contact with scholars in the
wider world of the history of astronomy, meteorolognd geophysics has also
sharpened my thinking. Notable among these haea Béddlan Chapman, Gregory
Good, Roger Hutchins, Jack Morrell and Malcolm Véalk

Research and writing for this thesis has resultddio papers being accepted
for publication in academic journals. The firsidking Kew Observatory: the
Royal Society, the British Association and the fpodi of early Victorian science’
(based on Chapter 2), appeared in Bugish Journal for the History of Science
Volume 48, Part 3, September 2015, pages 409-4BBe second, “Solar spot
mania”: The origins and early years of solar redeat Kew Observatory, 1852-
1860’ (based on part of Chapter 4), has been aaddpt publication in thdournal
for the History of Astronomat the time of writing. Comments by the anonymous
referees of both papers helped to sharpen my tignkihen writing the thesis, as
well as when resubmitting the papers. The editdrdoth journals — Charlotte
Sleigh forBJHSand James Evans fadHA — also provided helpful comments. | must
also thank Dr David Willis of the Rutherford Appbet Laboratory, Oxfordshire, for

reading through and commenting on the manuscrigteafHA paper.



| have presented papers based on parts of thessthe various conferences
and seminars, including: the British Society foe tHistory of Science Postgraduate
Conference (held at Leeds, January 2014); thesBri8ociety for the History of
Science Annual Conference (St Andrews, July 201dl Swansea, July 2015); the
Institute of Physics conference on the History bfydtcs (Cambridge, September
2014); the Science, Medicine and Culture in theelianth Century seminar series
(Oxford, May 2015); and the Twelfth Biennial Hisgoof Astronomy Workshop at
the University of Notre Dame, Indiana, USA in JB®5. Here | must formally
record my thanks to the School of Philosophy, Refigand History of Science at
Leeds for the award of a grant that enabled metemé and present at this latter
conference.

Working for a PhD at Leeds has enabled me to galunable experience in
teaching undergraduate students in History andoBtwhy of Science. In
accordance with the Latin sayingpcendo discimus- ‘we learn by teaching’ —
running tutorials, giving lectures, interacting histudents and marking their work
has had the effect of broadening my perspectivéherhistory of science. Here |
must thank the module leaders of the following searand all the students who
attended my lectures and tutorials: Introductioth® History of Scientific Thought;
Nature, Knowledge and Power in Early Modern Europtggic, Science and
Religion; and Science, Technology and Culture enltidustrial Age.

Grateful thanks are due to Daniel Mitchell of @lddall, Cambridge, for
proof-reading a draft of this thesis.

Last, but by no means least, | must thank my pgareloyce and Raymond
Macdonald, for all their support and encouragenmesb many ways throughout my

three years of work on this thesis.

Lee T Macdonald
September 2015



Abstract

This thesis attempts to fill a notable gap in tierdture on nineteenth-century
science, by writing the history of Kew Observattmgtween 1840 and 1900 as an
institution. | frame this institutional history thin three overall questions:-

1) What can the history of Kew Observatory tellab®ut how the physical sciences

were organised in the Victorian era?

2) How did the ‘observatory sciences’ (defined lmgtorian David Aubin as
sciences practised within the observatory, of wlastronomy is just one) at Kew

develop over the course of the nineteenth century?

3) How did standardisation develop at Kew in tlomtext of the culture of the

physical sciences between 1840 and 19007

| demonstrate that throughout the period 1840-1986 organisation of
science at Kew was thoroughly a part of Victorlaissez-faireideology. Indeed,
laissez-fairedictated the emphasis of the work at Kew lateth@ century, as the
observatory was forced to concentrate on lucraigsadardisation services.

| show that until the 1871 transfer of Kew frone tBritish Association for
the Advancement of Science to the Royal Society,wlork at Kew expanded to
include several observatory sciences, but that 4B8&1 Kew became a specialist
organisation that concentrated principally on jose of these: standardisation. |
show that Kew did not simply reflect contemporargntls in the observatory
sciences but that it actually helped to set thesels.

Finally, | show that as early as the 1850s, tlaedardisation work at Kew
was an essential service to the London instrumemtef private individuals and
government departments. | use this, plus archexatlence, to argue that the
National Physical Laboratory evolved as an extensibKew Observatory. | thus
argue that the origins of the NPL in Kew Obserwatogpresent one of the last

triumphs oflaissez-faire
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Chapter 1

Introduction: Kew Observatory, Victorian science ard
the ‘observatory sciences’

One more recent instance of the operations of Sisiety in this respect | may
mention, in addition to those | have slightly envated. ... | mean the important
accession to the means of this Society of a fixeditijpn, a place for deposit,
regulation, and comparison of instruments, andrfany more purposes than | could
name, perhaps even more than are yet contempiateéd; Observatory at Kew.

‘Address by Lord Francis Egerton’ to British Aswdion for the Advancement of
Science, June 1842

1.1 Questions raised by a study of Kew Observatory
When in 1842 Lord Egerton, President of the Britislssociation for the
Advancement of Science (BAAS), announced the Assioci’s acquisition of Kew
Observatory (Figure 1.1), he heralded the inauguratf what would become one of
the major institutions of nineteenth-century Bhtis indeed international — science.
Originally built as a private observatory for Kiggorge 11l and long in a moribund
state, after 1842 the Kew building would, as Egenoedicted, become a multi-
functional observatory, put to more purposes thareweven imagined in 1842. It
became distinguished in several sciences: geomagnaheteorology, solar physics
and standardisation — the latter term being used teerefer to testing scientific
instruments and developing new types of instrumestswell as establishing and
refining standards. Many of the major figures e tphysical sciences of the
nineteenth century were in some way involved witeawK For the first eighteen
months of the twentieth century, Kew was the sifetlee National Physical
Laboratory (NPL), before the new organisation movedts present location at
Teddington.

For all that, little has been written about KewsBtvatory — indeed, there is
no book-length work at all on its history. Forsthheason alone, given its importance
as a nineteenth-century scientific institution,hasis on the subject would fill a

major gap in the literature on Victorian sciencéhe history of Kew Observatory

1 BAAS:AR, 1842, p. XXXV.



14

also allows us to tackle some major issues thatoérgreat current interest to
historians of science in the nineteenth centurfie fistory of the observatory from
its acquisition by the BAAS in 1842 to its becomiagpart of the NPL in 1900 is
almost exactly coincident with the reign of Queeitdtia (1837-1901) and thus
practically the entire span of what we might c¥lictorian science’. In this thesis, |

will address these issues by asking three majostopnes about Kew Observatory.

Figure 1.1 Kew Observatory in 2012. Photograph by Lee Maatth

1) What can the history of Kew Observatory telabsut how the physical sciences
were organised in the Victorian era?

The issue of the organisation of the physical s@srcan be divided into three sub-
questions. First, how were the physical sciennegddéd? Secondly, how were they
managed? Finally, what kind of people worked iesthsciences? The patronage of
science and to what extent this changed over tetoan period has long featured
prominently in the secondary literature (see Secfi®). Kew offers a good case
study that can further develop our knowledge abdw patronage worked in the
physical sciences, particularly as Kew is not éasyategorise: it was not a publicly-

supported observatory, like Greenwich; nor wasptigate observatory belonging to
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one of the wealthy devotees of science who playddading role in Victorian
scientific discovery. Kew can also tell us muchoatbwhich individuals and
organisations managed science. In particulamastthe potential to throw new light
on the nature of the ancient Royal Society (founaed660) and the much newer
BAAS (founded in 1831), plus their relationshipsttweach other, because both
organisations were heavily involved with Kew.

Finally, a study of Kew can offer much insightarnwho was involved in the
physical sciences. The historian David Philip Btilhas identified three groups of
practitioners in the physical sciences that camertwminence in Britain in the
decades after the Napoleonic Wars: the ‘mathenigtieatitioners’, the ‘Cambridge
network’ and the ‘scientific servicemen’. The nmetiatical practitioners worked in
the military colleges, such as the Royal Militargadlemy at Woolwich; otherwise,
they came from commercial backgrounds, often inGig of London, and put the
skills they had learned in professional life to usenathematical sciences such as
astronomy. The Cambridge network comprised thoke Wwad studied for the
Cambridge Mathematical Tripos following the refortosthe mathematics syllabus
in the 1810s, and who remained close friends thHroug their careers. John
Herschel, George Airy and Charles Babbage caneatidmsidered members of the
Cambridge network. The scientific servicemen wareny and naval officers
employed in scientific surveys and other projeetspecially after the end of the
Napoleonic Wars freed up some military resoufc&ther historians have identified
a fourth group: physicists based in the new researa teaching laboratories that
emerged later in the nineteenth centliry.have also adopted the term ‘gentlemen
scientists’ to describe the many wealthy devotelesceence who had time and
leisure to pursue their own research interéstSome of these also belong to the
other categories: for example, Miller classes thackbroker-turned-astronomer
Francis Baily as one of the ‘mathematical praatiéis’. All these groups had much
involvement with Kew. Overall, Kew Observatory Wween 1840 and 1900 may

2 Miller (1986), esp. pp. 107-1109.

3 Sviedrys (1976); Gooday (1989).

4 For the early part of the 1840-1900 period, | tieeterm ‘devotees of science’ instead of
‘gentlemen scientists’. The word ‘scientist’, @tlyh coined by William Whewell in the
1830s, did not come into common use until latethi nineteenth century (Ross, 1962, pp.
75-82). ‘Gentlemen scientists’, however, makessaful contrast with the ‘university
physicists’ who emerged later in the century.
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help shed light on the question of to what extdm@ $ocial organisation of the

physical sciences changed over this period.

2) How did the ‘observatory sciences’ at Kew depebver the course of the
nineteenth century?
In the popular imagination — and even in some sthohistories of science — an
observatory is typically seen as a place devotéelysto astronomical observation.
Until recently, most of the literature on the hrst@f observatories concentrated
mainly, sometimes exclusively, on astronomy. Yetmost observatories in the
nineteenth century — especially national obseriegdiounded by the state — those
who worked in them did other sciences as well, nlgtaneteorology, geomagnetic
observations and standardisation work, such asngesthronometers for their
countries’ navies and merchant shipping. Sometigsts, notably David Aubin, are
now starting to address this overwhelming dominameastronomy in the
historiography of observatories — especially wiik tlevelopment of the concept of
‘observatory sciences’, defined as sciences inmglviobservation, such as
meteorology as well as astronomy, that are prattigthin the common space of the
observatory and share the same set of technijuésibin has argued that the
nineteenth century was a time of triumph yet als@rssis for the observatory, as
these institutions had to adapt in order to accodate new fields of work and
communicate the results of that work through newdimsuch as photography and
the electric telegraph. Meteorology, for exampglecame a central part of the
programme of work at many observatories, includidgw; the results of
meteorological observations were communicated aoddinated via the expanding
telegraph network. Yet by the end of that centting, situation had changed again:
observatories tended to specialise in just onerohey science, while each of the
observatory sciences had come to be managed bsasepspecialised institutions of
state®

Kew offers a better case study than most obsemeataith which to trace
the evolution of the observatory sciences, becaus&ler variety of these sciences
were practised at Kew than at most observatoriegésaime. In fact, after 1842
astronomy was not Kew’s main purpose, but was qus of a diverse range of

5> Aubin et al. (2010), pp. 2-4; Aubin (2011).
6 Aubin (2011), pp. 115-119.
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activities there. Kew became a national nervereefor several sciences that today
are administered by five separate institutions: em&tiogy (now under the
Meteorological Office); solar physics (run by theiéhice and Technology Facilities
Council); standardisation (National Physical Lalorg); and geomagnetism (British
Geological Survey and Natural Environment Rese@abncil). Yet as we shall see,
it became less of a nerve centre and more speiadis the century drew to a close:
in meteorology it became an outstation, reportimghe Meteorological Office in
London; solar astronomy moved to Greenwich; georigm became
predominantly routine work, under the control ofivemsity physicists; while
standardisation emerged as much the most impoatzitity at Kew. Although it
was still called ‘Kew Observatory’ in the late 189Dy then it was primarily a
standardisation laboratory: only a small portion tbé work carried out there
involved observation of external phenomena. THarlz& of observatory sciences
carried out at Kew had shifted from the work of @servatory towards that of a
laboratory. In Kew Observatory we have a case ystud the process of
specialisation in the observatory sciences durlmg late nineteenth century. It
allows us to study the history of how these scisr@elved over the course of this
period — with the added benefit that we do not haveake into account the many
variables involved when considering the historyraire than one institution in more

than one country.

3) How did standardisation develop at Kew in tloatext of the culture of the
physical sciences between 1840 and 19007

Precision measurement in the nineteenth-centuyrdabry has been well covered in
modern scholarship with respect to universities particular, the rising generation
of university physicists referred to above. In sigse studies of university
laboratories, Graeme Gooday has shown how theshitealaboratories trained
undergraduates in the skills of laboratory measergnthat were essential to the
training of — and satisfying the growing demand foschool science teachers and
entrants to the burgeoning electrical engineeringfgssion’. Similarly, Simon
Schaffer has described the rise of measuremenicgcet the Cavendish Laboratory

in Cambridge and its relation to industry; he h#so argued the case for the

" Gooday (1989); Gooday (1990).
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importance of metrology in the political economy\aG€torian science and industry
more generallf. However, what of the institution that providede tprecision

instruments and in some cases the constants that seeessential, not only to the
university teaching laboratories, but also pubfistitutions like the Meteorological
Office, the Admiralty and the merchant marine? ddefthe NPL opened in 1900,
that institution was Kew Observatory. Yet pradticaothing has been written on
standardisation at Kew, its relation to the widesrld of Victorian science and
industry, and its role in the origins of the NPleither in the histories of the NPL or

in the wider literature on Victorian physics.

In this chapter, | will first set Kew Observatorg the context of the physical
sciences in nineteenth-century Britain, especialy current knowledge and
understanding of the organisation of the physicaerees in general and the
observatory sciences in particular (Section 1.2)will then discuss our current
knowledge of observatories in nineteenth-centunyaBr, focusing on the origin of
the Kew building as King George llI's private obgsiory (Sections 1.3 and 1.4). In
Section 1.5, | will survey the current literatume kew Observatory, observatories in
general, the various observatory sciences and #jerrigures connected with Kew.
Finally, in Section 1.6, | will hone some more dfiecquestions on Kew
Observatory in the 1840-1900 period, before deswilthe methodology and
sources that | propose to use in order to tackdseth | will address these specific
questions about Kew in chapters 2 to 6, the maidybaof the thesis. In the
concluding chapter (Chapter 7), | will return te tihree fundamental questions that |
have outlined above and use my findings to show libe history of Kew
Observatory in the Victorian period can advance msearch into these larger

problems.

1.2 Laissez-faire and the physical sciences in the nineteenth cengur

Historians generally agree that the governancecanse in Britain underwent

profound changes in the decades between 1840 &td 1%Mnce the 1820s, attempts
had been made to reform the Royal Society, Brisamost prestigious scientific

8 Schaffer (1992); Schaffer (1997).



19

body and the one with the most influence over gowemt, from what some
perceived as a club for wealthy gentlemen intcaanked body representing the most
serious and able practitioners of science. Thanghk did not come easily: only in
1847 was the Society’'s constitution amended so dbatission to Fellowship was
granted on scientific merit alofeLong after 1847, the issue of who should run the
Royal Society was sometimes a contentious '8nén the meantime, the British
Association for the Advancement of Science had getktias a rival organisation.
The BAAS was founded in 1831 after a failed atterlptsome leading men of
science to reform the Royal Society. It had a mmciie democratic structure than
the older body, in that all decisions taken byQGsuncil had to be ratified at the
Association’s annual meetings, which were held dfifeerent provincial town each
year, a deliberate break away from the Royal Sgsidgmage of an exclusive
London club. Yet the distinction between the twarliles was not as clear-cut as
might at first appear. In the absence of regutareghment grants, the BAAS still
needed to have wealthy aristocrats on its Coumcibrider to gain influence and
money!! In practice, many leading men of science, whatéveir social position,
belonged to both organisations — something thatldvbave a strong influence on
the development of Kew Observatory at various timeats history after 1842.
Systematic government grants to the Royal Soocmtly commenced in
185012 Before then, with the exception of scientific angsations connected with
the army and navy, government financial supporstience was on a stricthd hoc
basis, gained largely through lobbying and persumably grand figures, usually via
the Royal Society. Failing this, funding had taneofrom private individuals or,
after 1831, from the BAAS'’s limited funds, whichgnated largely from members’
subscriptions and private donations.  Significanfty the history of Kew
Observatory, the BAAS’s usual policy was to fundiudual projects of limited
duration, or perhaps make grants to allow the msehof equipment for specific
purposes, but not to support permanent scientifmgrammes or institution's.

Therefore the attempts to gain financial suppottaosform Kew Observatory in the

® See, for example, Hall (1984) and MacLeod (1983).

10 Hughes (2010) describes an attempt by some Feliovilse 1930s to make the Royal
Society more democratic.

1 Morrell and Thackray (1981).

12 MacLeod (1971a), esp. pp. 325-337.

13 Howarth (1931), pp. 151-154.
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early 1840s — and to keep it running later thatesalecade, when it was threatened
with closure — can tell us much about the variolier@ative sources of patronage
that devotees of science had to find in the secpradter of the nineteenth century,
before government money became available on aaebgakis.

There is broad agreement among scholars thateifirgt two-thirds of the
nineteenth century, science-government relatiolewed the prevailing economic
system oflaissez-faire— the doctrine that government should not interfer an
economy that was presumed to be self-reguldfineven the £1,000 Government
Grant given to the Royal Society each year from0l85anything, encouraged this
system: individuals could apply for money out oistigrant to buy equipment for
their own research and so it rewarded individuaegmise. The grant was never
intended to fund salaries or long-term projects| sisall describe in more detail in
Chapter 3 (Section 3.2). This situation begandalmallenged in the late 1860s. At
the BAAS’s 1868 annual meeting, Lieutenant-Colohleixander Strange, a former
inspector of scientific instruments for the Indi@igonometric survey, gave a paper
whose very title expressed Strange’s views in @ardesce: ‘On the necessity for
state intervention to secure the progress of physidence®® Strange believed that
the government had to invest more money in sciengflucation and research
institutions if it was to keep up with increasingeoseas competition in science and —
particularly close to the heart of this former arafffcer — govern the British Empire
effectively. Prominent among those agreeing wittai®je was Lyon Playfair, who
had helped to organise the 1851 Great Exhibitios@ith Kensington and who
afterwards had campaigned for greater governmegunitimto science education.
Both Playfair and Strange had gone on to serveirass) in the 1867 International
Exposition in Paris, after which Playfair famoustxpressed alarm at how far
foreign inventions had caught up with Britain sitise 1851 exhibition.

Graeme Gooday has challenged Playfair's allegstiof poor British
performance in 1867, arguing that Playfair wasdgle in his assessment in order to
strengthen his case for increased support for seieducation® Strange’s views,

however, caught on at the BAAS and his paper walusrastically taken up by

14 Cardwell (1972), p. 70; Alter (1987), p. 138; Mlese(1976), pp. 1-15; Moseley (1978),
pp. 222-224. The definition ddissez-fairebroadly follows that irfOED.

15 Strange (1869).

16 Gooday (2000).
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some senior BAAS members and Fellows of the Royaliedy. This led to a
successful lobby for a Royal Commission to look itite state of science education
and — most importantly for the history of Kew Ohsgory — that of institutions for
scientific research. The Commission, which ramfrt870 to 1875, was chaired by
William Cavendish, seventh Duke of Devonshire (felha Cambridge mathematics
Wrangler) and hence became known as the DevonSbimemission. Its final report,
published in 1875, recommended the establishmenhafe government-funded
laboratories, including a new observatory dedicébetie physics of astronomy.

Some well-known twentieth-century works on theamrigation and funding
of science see the period of the Devonshire Comaomsas representing the start of
organised science — meaning professional scientigisking in government
institutions or large companies, in contrast toghdier regime in which science had
largely been carried out by wealthy amateurs. Bamnald Cardwell, in particular,
there was no such thing as ‘the social organisatibiscience’ before the mid-
nineteenth century. The history of British sciebeéore then was just a ‘preface’ to
it: ‘important and not without historical interestut still a preface!® Authors of
Cardwell's generation all wrote during the thirdager of the twentieth century, a
time when science in Britain was generally welldad and so many historians took
a teleological view, seeing large-scale governnrer@stment in research institutions
as inevitable. These authors generally admittti@tnitial impact of the Devonshire
Commission on governments was small and that orlywlg were its
recommendations taken up. Yet they treat the étlteanineteenth century as a time
in which twentieth-century state-supported sciefically began to triumph over
nineteenth-centurfaissez-faire— as symbolised by the establishment in 1900 ef th
National Physical Laboratory, an institution fouddas a British answer to
Germany’s generously state-funded Physikalisch-lische Reichsanstdf.

Kew Observatory, however, does not fit into thdky fpicture. In addressing
the issue of the organisation of science, one ofaims in this thesis is to use the

history of Kew Observatory to challenge the idest lfuissez-faire- and the physical

17 No book-length study of the Devonshire Commisshas yet been published, but its
origins and work are discussed in, for example, IMad (1971), pp. 202-207; MaclLeod
(1976) and Cardwell (1972). Meadows (2008), pplXb, discusses the Commission at
some length as part of a biographical study cdetsetary, the astronomer Norman Lockyer.
18 Cardwell (1972), p. 70.

19 Cardwell (1972), esp. pp. 177-178; Moseley (19R)seley (1978); Alter (1987), pp.
138-149; Pyatt (1983), pp. 12-33; Magnello (20@@), 11-30.
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sciences’ consequent reliance on private sourcgatobnage — went out of fashion
before the end of the nineteenth century. Fohédhapters that follow | show how
right up until it became part of the NPL in 190w remained an exemplar of the
laissez-fairesystem in action. Before 1900, it received re#di little money from
government grants. Most of its work was fundedrfrprivate sources and —
increasingly important later in the century — frahe fees it charged for testing
instruments on behalf of manufacturers and goveminedies. In particular, | shall
contend that the birth of the NPL was facilitated by a change in the government’s
attitude but rather by the sheer lack of governnsemport for observatories and
laboratories. As the nineteenth century drew wose, the ever-pressing need to
make money forced Kew to turn itself effectivelytana national standardisation
laboratory and form the basis of a ready-made NPlistorians of the NPL have
shown that even after 1900 it retained many of thmaracteristics of Kew
Observatory in the nineteenth century: its leaderginued to grumble about lack of
funding and its standardisation department was @ggdeto be self-supporting
through the fees it charged for instrument t&t3hus in this thesis | challenge and
revise the view of Cardwell, Alter and others aghe demise ofaissez-fairewith
regard to scientific funding in the late nineteeo#imtury. Rather, | aim to present a
sense of continuity between Kew Observatory and\iRé and hence to show that
in government support for the physical scienta@ssez-faireremained predominant

into the first years of the twentieth century.

1.3 Observatories in nineteenth-century Britain

Susan Faye Cannon and David Philip Miller have hpatimted to the three decades
following the end of the Napoleonic wars as a pkmd expansion and increased
cooperation in the physical and mathematical seisfic A notable feature of this

movement was the construction of many new obsemnest@nd the adaptation of
older ones to new purposes, among them non-astioabraciences. Dieter

Herrmann has shown how the establishment of newereamries increased

exponentially during the nineteenth century, froini@ 1810 to 199 in 190¢. It

20 Moseley (1978), esp. p. 249.
21 Cannon (1978); Miller (1986).
22 Herrmann (1973); also cited in Aubin et al. (2030)2.
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was also during the nineteenth century that thediaservatory’ became common
in English literature — and therefore culturallgrsficant — as David Aubin has
demonstrated using Google BodKs.

Observatories in the nineteenth century can beipgo into three broad
categories: national, university and private obsenmes. Steven Dick has suggested
that the nineteenth century saw the second wawn averall ‘movement’ to build
national observatories; this movement began instkieenth century and was still
continuing in the late twentieth centufy. National observatories were founded by
governments for very specific purposes, of which thain one was usually the
measurement of celestial positions to supply datanfivigation. Much the most
prestigious national observatory in Britain was Rwyal Observatory at Greenwich.
Founded in 1675 to solve the problem of findingditude at sea, by the 1830s
Greenwich was a world standard in navigational castmy. The observatory
provided data for the production of tables of siglplanetary and lunar positions
that enabled sailors to find their position at gegkly and accurately.

By the early 1830s, Greenwich was in some disarraye reductions of
observations into a form usable for longitude tabhad fallen into arrears and
relations between the Astronomer Royal, John Pand, his staff were poor. In
1835, the Admiralty, the Royal Observatory’'s gowegnbody, replaced Pond with
the thirty-four year old Cambridge mathematiciarofge Biddell Airy. As Robert
Smith and others have shown, Airy quickly turned fRoyal Observatory into a
factory-like regime that efficiently produced gugldata for navigation and, later on,
a national time service. Airy saw himself primgids a public servant. He believed
that research with no immediate utilitarian purpcagch as sweeping the heavens
for new nebulae or planets, lay outside this reanil should be left to private or
university observatories that did not spend theestanoney?® Yet he did not take
kindly to criticism, nor to incursions by other gighinstitutions onto territory that he
felt was his. This would have an important bearmy the history of Kew
Observatory from the 1840s onwards, as will becolear in the following chapters.

Roger Hutchins has described how six British amshl university

observatories were established between the latetegigth and early twentieth

2 Aubin (2011), p. 111.
24 Dick (1991), pp. 2-3.
25 Smith (1991); Chapman (1988a); Chapman (1988Hjaffer (1988).
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centuries. Their principal purpose was to fadditaindergraduate teaching in
astronomy. In theory they also did research intm-utilitarian branches of
astronomy, such as stellar cataloguing, measurameit double stars and
observations of comets, but in practice the demanhdsaching often left little time
for such work’® Forming a third category of observatories were tirivate
observatories owned by wealthy devotees of sciafespent their own money on
astronomy. These ‘gentlemen scientists’ (see @edtil) were free to pursue their
own agendas, as they were not required to teadb do utilitarian work for the
state?’ Private observatories were not new in the nimgteeentury, but many more
of them were built after 1800. In the most compredive general survey of
nineteenth-century amateur astronomy, Allan Chapnaas that in 1884, Armagh
Observatory director John Louis Emil Dreyer pul#idha list of some 26 private
observatories that had done important work in thédd Kingdom over the previous
100 yearg®

Until the early nineteenth century, all three typef observatories
concentrated more or less exclusively on astronenapd mostly one type at that:
the ‘classical’ astronomy of positional measurent@rithis was dictated by the need
of national observatories to serve the state, batdther types of observatories
tended to concentrate on classical astronomy tadlydecause before the advent of
photography and spectroscopy, it was difficult itedfout anything new about the
physical nature of astronomical objects. The me$ean nebulae by the Herschels
and Lord Rosse was an exception to this general rdihen, in the 1830s, some
observatories, including Greenwich, began seriooikwn two sciences that hitherto
had not necessarily formed part of their routinerat most, had been incidental to
that routine: geomagnetism and meteorology. Atlibginning of the nineteenth
century, geomagnetism and meteorology hardly exkiate sciences organised on a
national scale. In Britain, this situation pemsdstinto the early 1830s, with
geomagnetic work being done by isolated individualsh as the Royal Artillery
officer Edward Sabine at Woolwich and Humphrey Idat Dublin®® Elementary

meteorological observations were being carriedadwd small handful of locations,

26 Hutchins (2008).

27 See also: Lankford (1981), p. 275; Chapman (1928)ii.
28 Chapman (1998), p. 26.

29 Sith (2003).

30 Cawood (1977).
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such as the King’'s Observatory at Kew, the Royati&g's headquarters at
Somerset House and the Radcliffe Observatory abi@xas well as by a few private
individuals, but the science was not organised oatgonal scale until the 18585.

But when these two observatory sciences did taketlody did so together. They
were seen as being closely connected, for seveaasbns. Many thought that the
weather and the Earth’s magnetic field were sutgtigted to each other, or that both
had astronomical origins, and in any case temperand pressure were found to
affect magnetic compass readings. Both scienacg€lkear importance to navigation
in an age when Britain was the world’s chief mardi power. In particular, the

reasons for the behaviour of the compass aboap$ stere poorly understood, as
were the weather and currents in many parts obteans. It was in this context
that, as we shall see in Chapter 2 (Section 2dihesobservatories began making
systematic meteorological observations and alsoarbegionitoring the Earth’'s

magnetic field as part of a global campaign knowtha ‘Magnetic Crusade’.

1.4 The origins and early history of the ‘King’s bservatory’

The origins of Kew Observatory are well known anellwlocumented. Nineteenth-
century sources agree that it was originally knagnthe ‘King’s Observatory’; it
came to be called the ‘Kew Observatory’ some ygaisr to 1840%2 In an 1839
letter to John Herschel, Admiralty Hydrographer reéia Beaufort remarked:
‘Perhaps | should have called it the Kew Obseryateisuggesting that the building
had only recently come to be known by this ndfet was built in 1768-1769 for
King George Il to enable him to observe the tran§iVenus on 3 June 1769. The
building, designed by the eminent architect Sirllfih Chambers (who went on to
design Somerset House), was completed in time Ker transit, which was

successfully observed by the King and others ilearsky3*

31 Anderson (2005), esp. pp. 11-12; Walker (2012), $A0; Wallace (2005). Jankovic
(2006) has argued that there was widespread ditszton with meteorology at the
beginning of the nineteenth century, because it baty recently shrugged off its
Aristotelian heritage and lacked a sound theorebeais. See also Jankovic (2000), pp.
156-167.

32 Scott (1885), p. 37 and 42; Rigaud (1882), p. 282pbs (1969), p. 162.

33 Beaufort to Herschel, 22 July [1839], RS:HS 3.407.

3 Jacobs (1969), pp. 162 and 163-164.
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However, this spectacular beginning to the obderys career was not
matched by the work done in the years that follgwedit was not used, nor even
intended for, astronomical research or navigatias&ionomy of the kind being done
at Greenwich. To run the observatory the King amed his former tutor, Stephen
Charles Triboudet Demainbray, a much-travelled ewsiy lecturer of French
Huguenot descent, as his ‘King's Observer’. Aftee transit (which Demainbray
observed with the King), Demainbray’s duties seerave been light. His principal
duty was to take daily transit timings of the Sunitacrossed the meridian; these
observations were used to regulate high-qualitgkdowhich kept standard time in
the observatory and at several prestigious pultdicgs in London, among them the
Houses of Parliamert. Basic meteorological observations, including rdoms of
temperature and rainfall, were commenced in 17 4B amtinued until 1840, with
the thermometers placed in a north-facing window #re rain-gauge mounted on
the roof*® The observatory was also used as an instrumpositery and a place
where members of the Royal Family received tuifimm Demainbray. Kew was
included in a 1777 survey of observatories by Cbpgen Observatory director
Thomas Bugge, who noted that the building containednerous instruments,
including a transit telescope and a large muratcare. Bugge also noted that the
basement contained ‘mathematical workshdps'.

When Demainbray died in 1782, the King appointeaininbray’s son, the
Reverend Stephen Demainbray, as his Observer at K&oth Demainbrays were
assisted in the observations by fellow Huguenot famdily relative Stephen Peter
Rigaud. Upon Rigaud’s death in 1814, the job sfstant went to his son, Professor
Stephen Rigaud. Rigaud junior had been SaviliafeBsor of Geometry at Oxford
since 1810, before he became Savilian Professéstvtbnomy in 1827. He took
over the running of Kew Observatory during the ensity’'s summer vacations, thus
allowing the Reverend Demainbray to live in his #8hire parish during the summer
months. Demainbray, Rigaud, an assistant andvarseall appear to have drawn
salaries for their work at Kew. In 1827 Rigaud’s wife died, leaving him to bring

his children on his own as well as perform his aoaid duties at Oxford. Although

% Rigaud (1882), p. 282.

36 Jacobs (1969), pp. 165-6.

%7 Rigaud (1882), pp. 282-283; Bugge (2010), pp. XZ7Hutchins (2012), p. 2.
% Rigaud (1882), p. 283; Hutchins (2012), p. 3.
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still officially an observer at Kew, he was seldafvle to go there from then on. By
this time, too, George Ill was dead and his suareg® the throne took less interest
in the observatory. This, plus the observatoryibssantial salary costs, may have
been a motive for the government to no longer sttgfew.

It is easy to think of these shared jobs of thenBi@brays and Rigauds as
sinecures and that the King used the buildingte nore than a showcase for his
instrument collection. Yet Bugge’s survey noteattthe observatory contained
some of the best equipment that money could buthatend of the eighteenth
century, including a mural quadrant and a precisn@asuring telescope, both made
by leading astronomical instrument maker Jonath#so8%° A list of the
observatory’s astronomical instruments presentedth® Royal Observatory at
Armagh in 1841, when the government withdrew itppsut from Kew, also
includes some high-quality instrumeffs. It was in Kew Observatory that John
Harrison’s ‘H.5’ marine chronometer was given itsaf successful test that enabled
Harrison to claim the remainder of his share off6,000 ‘Longitude Prize’. The
chronometer was tested in the observatory oven-aveek period between May and
July 1772. 1t was regularly compared with the K@lservatory clock, which was
itself checked with meridian transits of the StnThe transit timings were taken
with a transit telescope suspended between twoiveasssonry piers on the ground
floor of the observatory. This provided as goodiih@e service as any at the end of
the eighteenth century: before the advent of talggic communications, Greenwich
was remote from Kew and central London, so time tade determined and
distributed locally*? Bugge noted that the foundations of the buildimgre laid 20
to 30 feet below the ground’, in order to ensustadle platform for the astronomical
instruments$?® In 1843, soon after becoming honorary superirgahdt Kew under
the BAAS, Francis Ronalds would make a remark tmatesponded exactly with
Bugge: that the building’s foundation was ‘of artremely solid and costly kind*

In the mid-1840s, Ronalds would adapt the tranBarp to another type of precision

3 Bugge (2010), pp. 79-80.
40 Lindsay (1969), p. 67.

41 Quill (1966), pp. 189-195.
42 Rigaud (1882), p. 282.

43 Bugge (2010), p. 81.

44 Ronalds (1845), p. 121.
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measurement: the monitoring of tiny variationshe Earth’s magnetic field using a
magnetometer suspended between these pillars @&@Bection 3.4).

Thus in Kew Observatory, the BAAS and the Royati&y had a ready-
made space for precision measurement; it is clean fthe evidence above that
Ronalds was well aware of this. The building’s taility for precision
measurement would have an important bearing origtory after 1842. Some
modern scholarship has discussed how buildings sagshthe Physikalisch-
Technische Reichsanstalt in Berlin were delibeyatéésigned and built with
metrology in mind® Kew provides us with an opportunity to see howeaisting
building, constructed for astronomical and metemymal observations in an earlier

age, was adapted for the measurement sciencdstef @ra.

1.5 Literature review: observatories in the ninetenth century

As noted in Section 1.1, no book-length work hasrédeen written specifically on
Kew Observatory. Indeed, while its importance feem acknowledged in works
dealing with the physical sciences in the nineteeantury, there are no published
works at all by science historians solely and dmatly on Kew. Part of the
problem with the historiography of Kew Observat@yhat Kew has always meant
different things to different people. To the astvmer, it is the place where Warren
De La Rue began the first systematic effort to phaph the Sun. To the
geophysicist, it is associated with Edward Sabme fais projects to map the Earth’s
magnetic field. To the meteorologist, it is an aséthholy place, where new types of
equipment were trialled and innovations in metemymal observation pioneered.
The building remained in use as a meteorologicaknlatory until 1980, enabling
some meteorologists today to look back on it witbstalgia, because they
themselves worked there while students or traiffteginally, science historians
sometimes cite it as a ‘public observatory’ wherenew type of experimental
astronomy was pioneered, or as a site where dasaceifected in the hope of

refuting Victorian materialist cosmologiés.

45 Cahan (1989a).
4 Walker (2012), p. 398; Galvin (2003).
47 Schaffer (1995); Gooday (2004).
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The most extensive history of Kew Observatoryhiss 1885 paper by Robert
Henry Scott® This is a very basic chronology, with no attenaptanalysis or
contextualisation. It is certainly not a scholahnigtory of Kew Observatory; it is
uncritical and reads very much like an official tbry. At the time, Scott was
director of the Meteorological Office, which use@W as its central observatory,
where instruments for the Office’s outlying metdogical stations were tested and
calibrated (see Chapters 4 and 5). Scott wassals@tary of the ‘Kew Committee’,
a committee of the Royal Society responsible fammg the observatory. We do
not know why Scott wrote this official history, tingh it appears that some of the
work of putting the paper together was done by ohe¢he assistants at Kew —
perhaps not surprisingly, given Scott's busy posiff That Scott did not have
much time might help explain why he did not delheepler into the behind-the-
scenes history of the observatory. Scott's papest contemporary account by a
practitioner of science and so lacks the histosigr@rspective. It offers no analysis,
or even mention, of many of the politics behindvhdous changes in the running of
Kew Observatory in the nineteenth century. Scadts ersonally appointed as
director of the Meteorological Office by Edward 8a7° one of the most influential
figures in the development of Kew Observatory mfitst thirty years after 1842.
Therefore we can hardly expect his account to @ontaiticism of Sabine.
Furthermore, many characters in the nineteenthdcgritistory of Kew were still
alive in 1885, restricting Scott's access to priynaources. Scott's paper offers
perhaps an extreme example of internal historyc@nee — uncritical histories that
tell the story of scientists, their institutionsdaimstruments, without taking account
of external factors such as the general historyhef period or the interaction of
social and political issues with the organisatibsaence.

No further attempt was made to write a generdabhysof Kew Observatory
until 1922, when O J R Howarth devoted a chapténeasubject in his history of the
BAAS, of which he was then a secretatyHowarth'’s treatment is necessarily brief,
though he makes use of the Association’s annuakteand some committee reports

as sources, which highlights the importance of BA#pers as primary sources in a

48 Scott (1885).

49 KCM, 27 March, 3 July and 27 November 1885.

0 Burton (2004).

1 Howarth (1931), pp. 154-169. This is a revisetti@u of a book originally published in
1922.
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full investigation. Like Scott’s account, Howarththapter on Kew is an uncritical,
internal story that portrays Kew Observatory adraightforward exemplar of the
success story of the Association. For examplegdils the BAAS Council’'s 1842
decision to take on the running of Kew ‘a commemelaecision which did not even
wait for an estimate of the annual cost to the Aisgimn’>?> As described in Chapter
2 (Section 2.5) of this thesis, the decision wagdality much more complex.
Although the BAAS ran Kew Observatory for nearlyrth years in the nineteenth
century, surprisingly little attention is paid t@W in the volume of essays that was
published in the year of the Association’s sesqieary>®> Morrell and Thackray’s
account of the Association’s early years has moay about the BAAS takeover of
Kew in 1842, though in this one-volume generaldmgsthe discussion is inevitably
brief>* Morrell and Thackray do, however, cite copiowsssliof correspondence on
Kew and magnetic observatories, providing an insale starting-point for archival
research.

In 1969 L. Jacobs (first name unknown) wrote aegahnhistory of Kew
Observatory, one of a series of articles in a sphéssue oMeteorological Magazine
(published by the Meteorological Office) celebrgtithe observatory’s bicentenary.
Jacobs provides a clearer and more concise activamtScott, dividing the article
into the various areas of work carried out at KéwThe list of published and
archival sources at the end of the atrticle is, fii@se cited in Morrell and Thackray’s
1981 work, invaluable for further research. Butwath Scott, Jacobs’ account is
brief and somewhat hagiographical. Again, it isntical, internal history.

Nearly all the modern literature that mentions K@iservatory concentrates
on just one of the sciences practised there. Swstantial work has been done on
terrestrial magnetism in the nineteenth century Jpdin Cawood’s well-researched,
archive-based account of the origins of the Magn&iusade® says little about
Kew. Nor does Christopher Carter's more recentkwathich is further hampered
by gaps in its archival source base: for exampk, nlisses some important

correspondence of George Airy about the possibiaitga new magnetic observatory

%2 Howarth (1931), p. 157.

% MacLeod and Collins (1981). In one of these ess#@ancaldi (1981), p. 154, does
acknowledge the importance of Kew in the Magnetiusade and in the growth of
international scientific cooperation more generally

5 Morrell and Thackray (1981).

%5 Jacobs (1969).

%6 Cawood (1979).
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near London in 1840 (discussed in Chapter 2, Se@i8)>’ Katharine Anderson’s
major cultural history of Victorian meteoroloffydevotes a scant few pages to Kew
Observatory, both its early years under the BAAS #s later role as the central
observatory of the Meteorological Office. Parttbé problem with Anderson’s
book, from the viewpoint of the historian of Kew &vatory, is its very wide
scope. It considers meteorology in institutionshsas Kew as just a small part of a
much larger history and mostly relies on publistsmirces, including Scott’s
account. More recently, in the tradition of uncat internal history, Malcolm
Walker has published a chronological history of teteorological Office? in
which Kew Observatory as a meteorological statiot eentral observatory weaves
in and out of the story. Jim Burton’s unpublisi&tD thesis on the Meteorological
Office — on which Walker's book is partly based mnitarly suffers from an
internalist approacff In fact, the works by Walker and Burton compleiidat of
Anderson: whereas Walker and Burton provide naeatthat abound with dates and
facts, Anderson analyses the relations between itlsétutions of Victorian
meteorology and their interactions with the widerlt of Victorian science.
Hufbauer's general history of solar astron8imguly acknowledges the
importance of Kew as the first observatory in whacbystematic photographic watch
was kept on sunspot activity. The treatment isfbhowever; indeed, pre-twentieth-
century solar astronomy, especially in Europe, otiffely forms an extended
introduction to a book dominated by the historyAofierican solar physics after the
Second World War — not surprising in a book writterder contract from NASA.
Holly Rothermel's essay on De La Rue’s solar phapgy is historically and
sociologically well-informed, yet it takes no acobwf the circumstances at Kew
surrounding the introduction of solar photograptaking for granted that this was
simply John Herschel’s idé€a. Simon Schaffer's 1995 book chapter sets Kew én th
context of a new type of ‘experimental astrononygt he conflates Kew with the
new ‘public observatories’ that emerged in the teaath century without assessing

in detail to what extent Kew was really ‘publich the sense of being a government

57 Carter (2009).

%8 Anderson (2005), esp. pp. 90-94 and 138-149.
% Walker (2012).

%0 Burton (1988).

1 Hufbauer (1991), pp. 49-52.

62 Rothermel (1993).
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observatory® Schaffer does, though, acknowledge the signiieanf Kew
Observatory, both in this 1995 piece and more rfcém an essay on Paramatta
Observatory in New South Wales, which describes Kewan important imperial
centre for the observatory scienéés.

Although Kew Observatory itself is poorly coveriedhe literature, there is a
large literature on observatories. Greenwich @bpbly the most discussed of all
national observatories, yet the most detailed gegrf@story of Greenwich in the
nineteenth century is by Jack Meadows, one of tistee volumes published to
coincide with its tercentenary in 1975. It is sapgpd by references to primary
sources, but the entire volume runs to just 12%gpagThere is a fascinating but
tantalisingly brief description of the strugglestween Greenwich and Kew for
control of the solar observations in the 1870syésy brevity leaves us feeling that
there is far more to be discovered about this & ghimary source®. Also, like
many celebratory institutional histories, Meadow$sok concentrates on the
observatory’s successes and avoids the failureghengolitical wrangles. Several
other works on Greenwich are important for providinsights into the relation of
Kew to Greenwich. Robert Smith, Allan Chapman &idon Schaffer have
described how the regime at Greenwich was reforimgdAiry into something
resembling a factory, which Airy jealously guardeam what he saw as competition
from observatories such as K&W.Rebekah Higgitt has discussed how Greenwich
was again changed under Airy’s successor, Williamigiie, particularly with the
construction of a building purportedly for astropteg®’ Greenwich astronomer E.
Walter Maunder’s contemporary account unwittinglyeg some useful insights into
the work at Kew, especially in comparison with Greeh 58 Yet few works make a
serious attempt to compare Greenwich with otheendagories. In his 1991 article
on Greenwich, Smith notes that ‘the lack of moralgses comparing the Royal
Observatory [at Greenwich] to other observatomspecially national observatories,
is perhaps the chief weakness of the Greenwichoriogiraphy.®® With the

&3 Schaffer (1995). See esp. p. 259 and pp. 276-283.

6 Schaffer (2010), pp. 138-9.

6 Meadows (1975), p. 119-20.

6 Smith (1991), esp. pp. 10-12; Chapman (1988a)p@aa (1988b); Schaffer (1988).

67 Higgitt (2014).

% Maunder (1900), esp. Chapter 9 on magnetism artidamdogy and Chapter 10 on solar
photography.

69 Smith (1991), p. 18.
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exception of Roger Hutchins’ 2008 volume on uniitgrebservatories (see below),
this lack of comparisons between Greenwich andrathservatories still holds true.

The American equivalent of Greenwich, the Unitedat& Naval
Observatory, has been treated by a very detailstbrigi® Written by a trained
science historian — though employed by the Navade@latory —Sky and Ocean
Joinedtells a much fuller story than most institutiomés$tories; in particular, Dick
does not shy away from detailed descriptions oitipal intrigues, even when these
are to the discredit of the Naval Observatory asdpersonnel. The book’s only
weakness is that, as an institutional history emittrom the inside, it again does not
attempt any detailed comparison of the Naval Olaery with other observatories.
Nor does it fully assess its significance in thateat of nineteenth-century science.
Rather better in this regard is Howard Plotkin’sdepth analysis of the attempt by
civilian astronomers to wrest control of the Na@dservatory from the military in
the late nineteenth centufy. Pulkovo, Russia’s national observatory from 18885
also been analysed by historians. Simon Werrattshawn how Pulkovo, although
a very successful observatory in its own right ahtost worshipped by foreign
astronomers as the ideal of what an observatoryldhbe, was very much a
showpiece in the Russia that Tsar Nicholas | watdedresent to the world, with
outlying observatories (like the rest of RussiaBastructure) languishing in a state
of disrepair’> A similar point is made by Mari Williams through study of the
architecture of Pulkové® Jim Bennett’'s bicentennial history of Armagh
Observatory contains some fine scholarship basegariomary sources, but yet again
Is a celebratory institutional history that makigisel attempt to set the observatory at
Armagh in the context of other observatories amegttgienth-century scienég.

Roger Hutchins’ detailed survey of six key univigrobservatories in the
British Isles offers a comparison of these obsenes with Greenwich as well as
with each other — though once again, there is littigy here about Kew® Both here
and in a separate volume, Hutchins has written tattmi Radcliffe Observatory at

70 Dick (2003).

1 Plotkin (1978).
2\Werrett (2010).
BWilliams (1988).
4 Bennett (1990).
S Hutchins (2008).
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Oxford.”® Superficially the Radcliffe resembles Kew in titadid both meteorology
and astronomy. Both meteorological and astrondmigservations were carried out
at the Radcliffe Observatory from 1772 until it redvto South Africa in the 1930s
and the site remains to this day an official mettagical station. Until the 1920s it
was a premier astronomical observatory, althougiag never really in competition
with Greenwich or Kew. Its main achievement wag tbroduction of star
catalogues, in the service of pure astronomy rdiem navigation, and it did not
branch out into solar physics, geomagnetism or atgmpts to find correlations
between solar activity and terrestrial weather. cMof the Burley and Plenderleith
volume, of which Hutchins’'s essay forms one chamerphasises the architectural
and conservational aspects of this observatoryhis volume is nevertheless a rare
book in that it gives as much attention to the metidgical as to the astronomical
work of an observatory: a separate article givesreise history of meteorology at
the Radcliffe, usefully adding to our understandofigthe meteorological work at
Kew as the centre of a national network of meteamichl stationg®

We can learn much about the workings of obseriegoby studying the
history of the instruments that were used in thelhuch the most comprehensive
history of astronomical telescopes is Henry Kingilse History of the Telescope
which includes histories of a great number of indlial instruments, including the
Kew photoheliograph. These histories are necdgdaief, although King is very
useful in setting individual telescopes in the drisial context of instrument-making.
Brevity is also a characteristic of the volume bgré€k Howse on the buildings and
instruments at Greenwich, the third volume in thedawich tercentenary series,
which is essentially a catalogue of the instrumeb&onging to the Royal
Observatory (including the Kew photoheliograph, ebhiwas transferred to
Greenwich in 1873) with brief chronologies of thase’® Knowles Middleton has
provided detailed standard histories of the theretemand barometer that include
the key instruments used or developed at RewAs with some of the institutional
observatory histories, Middleton writes from thdnpamf view of a scientist rather

than a historian, but his works contain a greaaitdef information on instruments

6 Hutchins (2005).

7 Burley and Plenderleith (2005).

8 Wallace (2005).

® Howse (1975). See pp. 92-4 and 118-9 for notetb®iKew photoheliograph.
80 Middleton (1964); Middleton (1966).
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and their physical workings not easily found elsereh A more rounded analysis is
provided by Mari Williams, who discusses the relaships between instrument
makers and the scientific institutions that useshtf

Two important figures in the history of Kew Obsawry wrote
autobiographies: George Airy and Francis Galtoniry,Ain fact, only wrote his
autobiography up to the early 1860s; the accouhifater years was written up by
his son, Wilfrid Airy. George Airy’'s antagonism wards Sabine and Kew
Observatory is emphasised by the fact that Kew aalllp mentioned in these
memoirs: the most extensive treatment of Kew hera scant few lines describing
Airy’s 1862 conflict with Sabine over continuingettKew magnetic observations
(see Chapter 5, Section 5.3 in this thesis). Tig mention of Kew in the part of
the book written by George Airy himself is in heflections on the year 1860: in a
few words about Sabine, he refers to Kew dismisgivas ‘(his [Sabine’s]
observatory)’ — the parentheses only further emiphnagshis low opinion of it. In his
description of the 1860 solar eclipse, Airy writdsat ‘the most important’
observational results ‘were Mr De La Rue’s photpgia operations’ — he makes no
mention of the Kew photoheliograph that De La Rseduto photograph the eclipse.
Only in the early 1870s do the words ‘Kew photobgiaph’ make a brief
appearance — and even then the description iseliirtid its triumphal arrival at
Greenwich®? As noted above in Section 1.3, Airy clearly fiblit Kew encroached
on territory that he felt was his, though for mudtthe time he could do little about
it. In his autobiography, however, he was ableetnove Kew from the picture as he
would have wished to have done in real life. Fr@alton devotes part of a
chapter in hisMemories of My Lif@o his involvement with Kew Observatory, yet
naturally he emphasises his own role in innovatian&ew, such as the testing of
sextants and watches. He also glosses over sopmetant behind-the-scenes moves
in the 1890s to make Kew the site of the proposatioNal Physical Laboratofy.
Airy’s and Galton’s memoirs demonstrate an impdrtamitation of autobiographies
as historical sources: the tendency of their agthormplay up their own roles at the

expense of their rivals and to leave inconveniemmlexities out of the story.

8l williams (1994).
82 Airy (1896), pp. 247-248, p. 241.
8 Galton (1909), pp. 224-229.
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Biographies written by modern historians with dehy insight and access to
their subjects’ papers have the potential to telinore about the major players in the
history of Kew Observatory, but there are surpghbinfew of them. There are
currently no book-length biographies of Airy, Sabior De La Rue, for example.
Perhaps the best such work is A. J. Meadows’s sfitehiography of solar physics
pioneer Norman Lockyer, who used his jourh&ture to popularise the work of
Balfour Stewart and sided with Stewart in his comrsies with Sabine (see Chapter
4, Section 4.4 of this thesi®). Meadows offers much more than a biography of
Lockyer, as he goes into great detail about theecof scientists and civil servants in
which Lockyer moved, the issue of government suppor science (of which
Lockyer was a leading advocate) and, of course,etiidy development of solar
physics and astrophysics. It is effectively a dngtof nineteenth-century solar
physics and science funding as seen from Lockyeeiwpoint. Scholarship on John
Herschel has tended to focus on aspects and pesfdus life and scientific work,
particularly its relation to imperialism — suchRsskin on Herschel's 1830s voyage
to the Cape of Good Hope, Musselman on Herscheband imperial management
and Ashworth on Herschel and the relationships éetwhe physical sciences and
the state more generafly. The only book-length biography of John Herscleby
Gunther Buttmanf® Although presenting a well-balanced general cayerof
Herschel's life and work, Buttmann’s biography istq brief and now rather dated
(the original German edition was published in the6ds). Very noticeably,
Buttmann had to rely on the very limited primarystes then available to him: he
makes relatively little use of Herschel’'s vast suing correspondence, which is now
S0 accessible to the scholar. For the other nadjaracters, we have to rely on their
relatively brief entries in references such as @dord Dictionary of National
Biography and the Dictionary of Scientific Biographyor their obituaries in
contemporary publications such as Breceedings of the Royal Society

Thus there is now plenty of literature on nineteesentury astronomy and
observatories, especially national observatoriés.recent years the literature has
extended beyond inward-looking, uncritical insidagl histories of major

observatories into areas such as observatory peaaither types of observatories

84 Meadows (2008).
8 Ruskin (2004); Musselman (1998); Ashworth (199%hworth (1998).
8 Buttmann (1974).
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(such as university observatories) and the rolehef gentlemen scientists in the
origins and development of astrophysics. Theditee on Kew Observatory itself,
however, is very limited. What little there is tlsnto be chronological and offers
little analysis; often it is as uncritical as sowfethe older institutional histories of
national observatories. Some excellent work hashk@one on, for example, the
National Physical Laboratory and its German couadr the Physikalisch-
Technische Reichsanst&ityet there is very little on the role of Kew Obsawy in
the origins of the NPL. A secondary literature oising chronological histories of
Kew and the wider historiography of observatoriasiruments and practice in the
nineteenth-century physical sciences, is both tantisg point and framework for

research into the history of Kew Observatory ugingary sources.

1.6 Primary sources and outline of the thesis

The volume of primary-source material on Kew Oba#®wy increases as we
progress through the nineteenth century. We cam lenuch even from published
primary sources, as few of them have ever beed biyehistorians. Reports of the
Kew Committee appear regularly in the BAA&nual Reporfrom 1850 until 1871
inclusive; thereafter they can be found each yeaihe Proceedings of the Royal
Society These reports run to several (latterly over tyepages each and describe
the previous year's activities at Kew in some detdrrom the late 1850s they
contain detailed financial accounts, includingslisf the observatory’s employees
and their salaries. The volumes of the BAA8nual Reportalso contain many
papers on specific projects at Kew, as do the R&adiety’s Proceedingsand
Philosophical TransactionsBut the value to the historian of these publiskeurces
is limited by their containing only what the membef the Kew Committee wanted
their readers to hear. Like Scott’'s 1885 histompiCh is largely based on these
reports), they frequently gloss over key developiiesuch as how and why John
Peter Gassiot set up the trust that enabled thalRBnciety to take over the running
of Kew in 1871. Furthermore, very little primargtsce material has been published
at all on Kew before 1850. Therefore, to buildulef picture of what happened at
Kew in the period under discussion, we must turartpublished sources.

87 Cahan (1989a); Cahan (1989b). See Section 1.Zhagter 6, Section 6.1 for literature
on the NPL.
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A large amount of archival material has surviviedthe form of voluminous
correspondence and minutes of meetings. The mmpsiriant sets of minutes for the
historian of Kew Observatory are the minutes of BRAS Council, held at the
Bodleian Library in Oxford, and the minutes of tkew Committee, kept in the
National Meteorological Archive in Exeter. The BBSACouncil minutes are
essential for establishing the basic narrativevanés relating to Kew Observatory
before the regular publication of Kew Committeeartp began in 1850, especially
as the correspondence for these early years istsoasescattered and hard to find.
These minutes were printed, but not published,senaiere not intended for general
circulation. Those at the Bodleian Library are thyosomplete to 1868; copies
relating to the years from 1868 to 1871, the petestling up to the handover of
Kew from the BAAS to the Royal Society, are presenm the files of the ever-
meticulous George Airy.

The Kew Committee began taking formal minutes tsf meetings from
October 1849 onwards, and so from this date we assemble a more detailed
narrative. The minutes of the Kew Committee wesadwritten in minute books
and never printed, so they contain many detaitb®bbservatory’s history that were
confidential at the time. Furthermore, these neautave never been used dny
previous scholar, enabling us to discover vast arsoof new information and gain
important new perspectives. The minutes for thst4871 period are especially
useful, because they frequently refer to numbeogtespondence. These letters are
preserved at the National Archives at Kew and nafriphem still bear their original
index numbers. Having read the minutes in Exetes, easy to relate them to the
relevant letters at Kew. This is how | was abletiack down some hitherto
undiscovered correspondence important to my argurmerChapter 6 as to the
centrality of the Kew Committee to the origins bétNational Physical Laboratory.
Minutes for the 1840-1900 period tend to record etyea summary of what was
agreed at a meeting, rather than what was actdabussed. Like the published
sources, they sometimes present only an officiesioa of events, leaving out the

arguments and disagreemefitsNevertheless, due to their confidential natuneyt

8 Higgitt (2014), p. 618, notes that the minutesthef Greenwich Observatory Board of

Visitors ‘are frustratingly uninformative about dission and disagreement among the
Board's members’. The same might be said aboutiihates of the BAAS Council and the

Royal Society Council. Those of the Kew Committeeyer having been printed, are

somewhat more revealing.
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contain many telling details that have been leftafithe published record of events
— such as the true nature of the ‘resignation’ eivKObservatory superintendent
Samuel Jeffery in the mid-1870s, described in Givept Section 5.5.

The richest — and most revealing — set of unphétis sources is the
correspondence of the numerous individuals who werelved with Kew
Observatory. The letters of Francis Ronalds, Kdw&t superintendent, kept at the
Institute for Engineering and Technology, proviageportant insights into Kew’s
very first years under the BAAS, especially wheadran conjunction with the
BAAS Council minutes. The most useful corresporeefor these early years is
that of John Herschel, not only because of his siew physical observatories and
his involvement in so many of the behind-the-scengsves regarding Kew
Observatory in the 1840s, but also because of éndrality to — and perceived
authority in — so many of the physical scienceshiese years. His approximately
15,000 incoming and outgoing letters are made &l more accessible by the
invaluableCalendar of his correspondence, which outlines the locatreference,
date and brief details of each lettér. This allows Herschel letters referring
specifically to Kew Observatory and kindred sulgeict be accessed very efficiently
in the Royal Society archives and elsewt¥r@he correspondence of George Airy,
held at the Royal Greenwich Observatory archiveSambridge, is indexed online,
with brief details of each file, allowing us to ass relevant letters quickly by
ordering specific files. Airy’s correspondenceeipecially useful in that Airy kept
carbon copies of his outgoing letters, enablingtaugead Airy’s replies without
having to visit the papers of the people he wadingito. This is especially
important in the case of the many private individuavolved with Kew whose
papers are now difficult to find.

The official papers of Kew Observatory at the WNa#l Archives are
voluminous and the files are indexed online, allaih no details. Some of the files,
especially from the 1870s, mostly describe triday-to-day matters that add little to
our overall understanding. Yet we can learn muomfthe correspondence of John

Welsh and Balfour Stewart, most of it unread by eradscholars. The Kew

8 Crowe et al. (1998).

% The largest of the other major repositories of ddeel letters is the Harry Ransom
Humanities Center at the University of Texas, fratmich scans of specific letters can be
ordered online at minimal cost.
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Observatory papers contain no files devoted tactrteespondence of Charles Chree,
the final superintendent before Kew became parthefNPL in 1900, though the
observatory’s last years under the Kew Committeevary well documented in the
files of general Kew Committee correspondence. Kbe Observatory papers are
part of a larger collection of papers of the Metdagical Office, which includes
some important correspondence of Edward Sabineth B@se Sabine papers and
the Kew Observatory files at the National Archiaes important for including some
letters from John Herschel that are not indexethénHerscheCalendar Much the
largest repository of Sabine’s correspondence li$ inethe Royal Society archives.
These letters are not indexed, but they are filpthadetically by correspondent,
allowing us to easily find letters to Sabine frorarbthel, Gassiot and many of the
other principal actors in the history of Kew Obsdory between 1840 and the early
1870s.

The total volume of correspondence, even thattingladirectly to Kew
Observatory, runs to many thousands of lettersly @mwse letters most helpful to
my arguments and research questions have beenigithés study. The value of
such a large volume of correspondence to the hastés twofold. First, we can use
it to establish an almost day-by-day chronologitalrative that can give a sharper
picture of the development of Kew Observatory than ever be put together from
the published sources, or has ever been attempteabdern historians. Secondly,
we can discover thosenofficial views that the actors in the story of Kew
Observatory might never have wanted to reveal taymd their colleagues or the
wider public, more than we can ever find in minutes

From this correspondence, as well as unpublishedtes, we can challenge
and revise the received views about Kew Observaaspecially when informed by
the recent scholarship on nineteenth-century obsenes, laboratories and physical
sciences generally that | have described in Sextio@ to 1.4. This allows us to
tackle the three great questions about Kew thaveloutlined in Section 1.1. To do
this, | have divided this thesis into five largeapters, each covering a distinct
period, in part because for each period we carnsaste specific questions. | have
arranged my chapters chronologically, in ordertovs how Kew evolved over time.

Chapter 2 covers only five years (1840-1845),thist short period deserves a
chapter of its own because it was in these yeatsthe Kew Observatory of the

Victorian era was founded. Moreover, the politic@chinations that culminated in
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its takeover by the BAAS have never been discusseahy detail by historians.

This chapter asks the question: how and why wasKéwe building transformed

from a disused royal instrument repository into td@me in the BAAS claimed was
a ‘physical observatory’? It then asks: what wdit Kew Observatory carry out
during its first years? | address the questiornthef organisation of science by
demonstrating the importance of Edward Sabine asptime mover behind the
project to turn Kew into a magnetic and meteoralafiobservatory and showing
how he used the interchangeability between the Regaiety and the BAAS to his
advantage. | show that lack of government fundiidy not prevent Sabine from
setting up his own observatory at Kew, indepenaérgreenwich. | also critically

assess claims that Kew was a physical observatbrthe kind described by

historians writing about the observatory scienaas,of the kind advocated by
Herschel.

Chapter 3 covers the period 1845-1859, from tie fttempts by the BAAS
to close down Kew Observatory up to the death dfnJ@Velsh, its first paid
superintendent, in 1859. | ask how Kew withstooel tnoves to close it and relate
this to the introduction of the Royal Society Goveent Grant in 1850. Secondly, |
chart how the observatory sciences at Kew expataéaclude a full geomagnetic
programme as well as the meteorological work. Alsdhis chapter, | begin to
address the third of our fundamental questions: had why did standardisation
originate and develop at Kew? | argue that theaea for the introduction and
expansion of instrument verifications at Kew weuve tb factors of both demand and
supply. On the one hand the government, with éteng up of the Meteorological
Department of the Board of Trade in 1854, needegelaumbers of thermometers,
barometers and hygrometers, all tested to an agtedlard. Even before 1854,
however, Kew began testing instruments in retumfé®s because it brought in
much-needed extra income.

Chapter 4 describes the period of Kew Observagdnistory that is already
been most discussed by historians: the pioneerrogrgmme carried out in the
1860s to photograph the Sun and to relate sunspobdicities to terrestrial
magnetism and weather. The narrative begins ireéiny 1850s, overlapping with
the time-span of Chapter 3, in order to addressestepn that has not been tackled
before: how and why did solar photography begirKew? 1 also ask how the

photoheliograph was used in practice. | show Hosblar photography programme
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was largely a private enterprise, directed by gemén scientists and implemented
by little-known figures. Finally, | explore howithnew observatory science of solar
physics interacted with Sabine’s magnetic and nmetegical agenda. | build on the
existing historiography in this field to show th&tewart's conflicts with Sabine
owed as much to Stewart’s vastly increased workfoddwing the Meteorological
Department’s reorganisation as to Sabine’s disageeé with Stewart’s theory-
driven approach.

In Chapter 5, covering the years from 1871 to phélication of Robert
Scott’s history in 1885, | ask how and why the BAAS&cided to stop supporting
Kew and what were the circumstances surroundingsi@&s donation that was
supposed to allow the Royal Society to run it. tHis chapter, too, we see Airy
winning a partial battle in his long rivalry with elv: | ask why the Kew
photoheliograph was transferred to Greenwich ang iy nevertheless failed to
wrest control of the Kew meteorological observasiof his provides significant new
insights into the changing organisation and spiseian of the sciences from the
1870s onwards, as does my finding that by the 18&@¢ was no longer taking the
lead in the observatory sciences of magnetism agteéarology; rather, its work in
these sciences was increasingly in the servicetlodrarganisations. | also show
that by 1885, standardisation had become the mgstrtant branch of the work at
Kew and argue that the standardisation questiamestwined with the organisation
of science question. Contrary to assertions thegs®t ‘came to the rescdkin
setting up his trust to run Kew, the Gassiot furaswever sufficient to support the
observatory and the Kew Committee needed to takenore standardisation work
due to the money it brought in.

A central question in Chapter 6 is: how and whgl #iew Observatory
become part of — and the first site for — the NaldPhysical Laboratory? Related to
this is the question: how did the observatory smenand standardisation at Kew
evolve after 1885? | argue that, contrary to a&ses by historians that the NPL was
a triumph of government-supported science over giliag laissez-faireattitudes,
the existence of Kew Observatory was essentiahéoestablishment of the NPL.
Thanks to the shortage of funds discussed in Chéptéew by the late 1890s was
already principally a standardisation centre thaided itself by charging fees for

1 This exact phrase is used both by Walker (2012)0p and by Jacobs (1969), p. 163.
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testing instruments, and so had many of the elesnana ready-made NPL. | thus
argue that the NPL evolved within theissez-fairesystem rather than triumphing
over it.

In Chapter 7, | conclude by returning to my thoserall research questions:-

1) What can the history of Kew Observatory tellab®ut how the physical sciences

were organised in the Victorian era?

2) How did the ‘observatory sciences’ at Kew depebver the course of the

nineteenth century?

3) How did standardisation develop at Kew in tloatext of the culture of the

physical sciences between 1840 and 19007

In this concluding chapter, I will attempt to answeeach of these questions using the
findings | have presented in Chapters 2 to 6 arldtieereby assess the importance
of Kew Observatory in the history of the physicaikesices in the nineteenth century
and also the beginning of the twentieth centuryy ddnclusions will challenge and
revise some currently accepted views, especiallipake origins of the NPL and,
more broadly, the evolution of the observatory isoés and their relations with
government in Britain during the Victorian era.will also point up some possible

avenues for further research that have been swegbbgtthis study.
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Chapter 2

From King's Observatory to ‘Physical Observatory’:
Kew, the Royal Society and the British Associatior840-1845

The observations most appropriate for the readyexiact determination of physical
data are ... those which it is most necessary e parformed with exactness and
perseverance. Hence it is, that their performainceany cases, becomes a national
concern, and observatories are erected and madiaamd expeditions despatched
to distant regions, at an expense which, to a figj@rview, would appear most
disproportioned to their objects. But it may veeasonably be asked why the direct
assistance afforded by governments to the executiorcontinued series of
observations adapted to this especial end shoultinc® to be, as it has hitherto
almost exclusively been, confined to astronomy.

John Frederick William Herschel, 1830.

... Ld. Dungannon had examined the house lat&dwe Observatory, and finds it in
such excellent order that he will not pull it doas intended — he asked Beaufort if
he knew any use that could be made of it...

Edward Sabine, 1841.

2.1 Introduction

When John Herschel wrot& Preliminary Discourse on the Study of Natural
Philosophyin 1830, he was very widely respected and arguBbitain’s foremost
practitioner of the physical sciences. The figigeaph above is from Part Il of the
Preliminary Discoursgin which Herschel made a plea for state-fundexbolatories
that collected not only astronomical data but giéysical data’ like meteorological
observations and data for the determination of ighy€onstants such as mean sea
levels. As we shall see, in the years after 1888nJHerschel's call was
enthusiastically taken up by his colleagues anddh® ‘physical observatory’ was
coined. In this chapter | hope to show how in dagly 1840s the former King’s
Observatory at Kew was transformed into what sotagmed to be a physical

! Herschel (1830), pp. 213-4.

2 Edward Sabine to John Herschel, 5 February 18&tHR 15.123. References to the
correspondence of Herschel and Sabine here foll@vconventions used in Crowe et al.
(1998).
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observatory. How and why this happened has hithestdeen analysed in detail. |
will begin by assessing the state of geomagnetiath raeteorology in the early
nineteenth century and how the concept of a phlyslzservatory was developed by
Herschel and others. | will then use a chronolalgitamework to show how the
Royal Society, after an abortive attempt to essabé physical observatory, in the
end turned down the government’s offer of the Kewding, which was then taken
up enthusiastically by the British Association fttre Advancement of Science
(BAAS). Finally, | describe and assess the prognanof work implemented at Kew
up to the mid-1840s. We will see that the institutthat emerged was different in
many ways to Herschel’s vision of a physical obatry: in particular, none of the
work being done at Kew up to 1845 was funded bygthernment.

Although thePreliminary Discoursewas clearly an inspiration behind the
relaunched Kew Observatory, the story of its trameftion is a complex one that
owes as much to the personalities and politichefghysical sciences in the 1840s
as it does to Herschel. Through Kew Observatorycae learn much about the
organisation of the physical sciences in the 183@$ 1840s. The tale especially
illuminates the role of the military in securingtmmnage for, and organizing, science
in this period. It might build on David Philip N&ir's important synoptic survey of
the physical sciences in the early nineteenth cgntuhich highlights the under-
appreciated role of the ‘scientific servicemenanhdition to that of the better-known
‘mathematical practitioners’ and ‘Cambridge netwgdee also Chapter 1, Section
1.1)3 In particular, it will become clear from this ghar that the prime mover
behind the Kew project was the scientific servicentedward Sabine, who, as
suggested in the second epigraph above, saw thdings potential as an
observatory very early on. As | will describe iacBon 2.2, Sabine was the chief
mastermind behind what came to be known as the retag Crusade’ and by 1840
had become at least as distinguished as a politieaakuverer as he was as a man of
science. | will also argue that although onlyraited range of observatory sciences
was practised at Kew before 1845, the very lacgovernment funding in the age of
laissez-fairegave Sabine a free hand to establish his own n@s@gaogramme there,

independent of his rival at Greenwich, the AstroeoRoyal George Airy.

3 Miller (1986), pp. 107-134, esp. pp. 112-119.
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2.2 ‘'Perhaps all this is dreaming’: magnetism, merology and physical
observatories

As discussed in Chapter 1 (Section 1.3), at thénbety of the nineteenth century
geomagnetism and meteorology were not organised pational scale. Calls for
improvements to meteorology were beginning to iaseefrom the 1820s onwards.
However, practitioners of science realised thaleliprogress could be made while
meteorological instruments and observations rendainetheir existing state. In
1823 the battery and hygrometer inventor John Fre@aniell drew attention to the
poor state of the Royal Society’s meteorologicatrmments at Somerset House and
the inaccuracy of the observations made with th&uaniell was a council member
of the short-lived Meteorological Society of Londomhich in 1824 anticipated
future events by calling for accurate series ofeoeilogical observations to be
made throughout the British Empire and made conmparaith each other using
standardised instruments; for this to be possthke society ‘should set the example
of the requisite precision by establishing a Metéagical Observatory in the
metropolis, or its vicinity? Indeed, Daniell was later a member of the Royal
Society Council and the Committee of Physics, bofthwhich deliberated as to
whether to take on Kew Observatory in the 1840e [s#ow). The Meteorological
Society proved to be short-lived and its proposalme to nothing, but meteorology
was on the agenda of the BAAS soon after its folonain 1831. The shambolic
state of meteorology was stated more bluntly thani@l by the Edinburgh natural
philosopher James David Forbes in a report reath¢ol832 BAAS meeting, in
which he lamented that ‘meteorological instrumemése been for the most part
treated like toys, and much time and labour havenbest in making and recording
observations utterly useless for any scientificopse’> Forbes went further at the
1840 BAAS meeting, calling for the establishment wéll-equipped ‘public
observatories’ which would ‘furnish standards ofmgarison, to establish the laws
of phaenomena and to fsecular or normal data®. That same year, at the Royal

Society, Forbes called for one such meteorologiteervatory to be set up near

4 Quoted in Walker (2012), p. 14.

®> Forbes (1833), p. 196. Part of this is quotedmderson (2005), pp. 87-88; and Walker
(2012), p. 15.

® Forbes (1841), p. 144; Walker (2012), pp. 15-16.
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London, setting off a chain of events related diyecand intimately, to the
relaunching of Kew Observatory in the 1840s, askhadl see in Section 2.3.
Geomagnetism began to gain prestige and publioitapce thanks to the
well-publicised works of the Prussian explorer awikntific polymath Alexander
von Humboldt. Observational work was stimulated bdmth Humboldt and the
mathematical physicist Karl Friedrich Gauss, whegytbegan to give the subject a
firm theoretical basis and demanded large quastidfeaccurate data with which to
test their theories. They asked that this datarbduced by a system of geomagnetic
observatories scattered across the globe. Withfewayears, such a system of
observatories became a reality across the Germas land beyond, including
Russia’ In Britain, many were of the opinion that the WHs in danger of being
left behind in this promising new field of researcBeveral prominent figures in this
field began calling for a system of magnetic obatnes across Britain’s imperial
possessions. Arguably the loudest of these vai@ssEdward Sabine (Figure 2.1),
who had extensive experience of making magnetierwbsons during the Arctic
naval expeditions of the 1810s and 1820s. A R#éytllery officer who was given
generous leave from military service to undertakiergific research, Sabine was
based at the Royal Military Academy in Woolwich amas a prominent example of
a ‘scientific serviceman’ (see Chapter 1, Sectiah)® In addition to an array of
fixed observatories worldwide, Sabine also calledan Antarctic naval expedition
which would survey the Earth’s magnetic field ir thouthern hemisphere and find

the as yet unknown location of the southern magmetie (or poley.

" Cawood (1977), pp. 583-584.

8 Biographies of Sabine are all very brief. The tmsbstantial are Anon. (1892), Good
(2004) and Reingold (1975).

® Some geophysicists at this time, including Sabbwieved that each hemisphere might
have two magnetic poles. See Enebakk (2014) pe£99.
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Figure 2.1 Edward Sabine at the Southampton meeting of th&32 September 1846.
Image courtesy Royal Astronomical Society.

John Cawood, and also Jack Morrell and Arnold Kreag have claimed that
the politically-astute Sabine lobbied for this dpadject in geomagnetism by putting
Humboldt up to writing to the Royal Society, urgiBgtain to join in the worldwide
magnetic campaign and at the same time appealifyitish nationalist sentiment
by claiming at BAAS meetings that Britain was bele§ behind in science by its
European neighbouf8. Sabine moved deftly between the Royal Society ted
BAAS to achieve his aims: when the Royal Societg wat initially interested, he
took his campaign to the BAAS, before going backhi® Royal Society to seek its
authority when applying to the government for fundk the event it was John
Herschel who in 1838-9 finally secured funding tbe Antarctic expedition and
magnetic observatories. Fresh from his succefsfiiyear observing expedition at
the Cape of Good Hope, Herschel was lionised aseatsfic and national hero. He
also had class connections at the highest levetiwénabled him to lobby for the
magnetic project over dinner with Queen Victoriad ahe Prime Minister, Lord

Melbourne, as well as to negotiate with the aristtic presidents of both the Royal

10 Cawood (1979), pp. 502-507; Morrell and Thackra98l), pp. 356-359. However,
Carter (2009), pp. 16-17, doubts whether Humbolds weally urged by Sabine to write to
the Royal Society’s president.
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Society and the BAA%: The project that the Melbourne government evelytua
agreed to fund consisted of an Antarctic expeditinder James Clark Ross, running
from 1839 to 1842; concurrently with this, magnetamd meteorological
observations were to be taken from fixed statian&r@enwich (under Astronomer
Royal George Airy), Dublin, Toronto, St Helena, fiape of Good Hope and Van
Diemen’s Land (now Tasmania). The observationsevesordinated at Dublin by
Humphrey Lloyd, in close collaboration with the shiborn Sabine.  This
combination of an Antarctic expedition and a systhobservatories has become
known as the ‘Magnetic Crusade’. It is importaat remember, however, that
‘Magnetic Crusade’ was not a term used during tidying for funding? In the
late 1830s, contemporaries referred to it usinguage such as ‘fixed stations of
observations? Indeed, rather than the start of some grand mawvigh no definite
conclusion, it was seen in 1840 as a fixed-ternjepto This helps us to understand
Kew Observatory better, because Kew was in stankrast to the Magnetic Crusade
in that it was a permanent establishment and inwbpe of the system of
government-funded, temporary observatories.

Herschel, in his 183@reliminary Discoursequoted above, seems to have
been the first to suggest the general concept gbwernment-funded physical
observatory to provide long-term data for the u$etheoreticians, not just in
astronomy, but in physical sciences generally. ntdiody could agree on an exact
plan for what such an observatory should be doiffe earliest known use of the
exact phrase ‘physical observatory’ seems to haes Imade by the Scottish natural
philosopher David Brewster, who wrote William VemBarcourt — like Brewster, a
leading light in the early years of the BAAS — that had ‘long thought that one of
the greatest scientific desiderata in England physical observatoryerected and

endowed by the government’. Specifically citingrstahel’s idea as his inspiration,

11 Cawood (1979), p. 507. Buttmann (1974), p. 1Ruskin (2004), pp. 58-66 makes the
case that Herschel's Cape voyage led to him bepmopriated as a hero of British
imperialism as well as science.

12The origins of the phrase ‘Magnetic Crusade’ arelear. Carter (2009), pp. xv-xvi, finds
no evidence that the phrase was used in the lalrtiyé project in the 1830s and that it was
first used in 1842 in an American textbook on eleity and magnetism. Elias Loomis’s
1848 call for a ‘grand meteorological crusade’ gldime lines of the British magnetic effort
strengthens the idea that the term ‘Magnetic Creisads American in origin — see Fleming
(1990), p. 77.

13 Lord Minto to Lord Northampton, 7 January 1839potgd in Morrell and Thackray
(1981), p. 367.
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Brewster suggested that in such an establishmenbWwh experiments in optics
could be carried out to a much higher standard tvas possible in a private
laboratory and that ‘all the phenomena of magnetisreteorology and electricity’
could be observed as they were in the magneticrediteeies then being established
across Europ& Harcourt agreed, though such a broadly-based eponof a
physical observatory made no further progress thitdhBAAS at this time.

Herschel further developed his ideas on physitslensatories in October
1835, in a long letter to Francis Beaufort, Hydeqgrer to the Admiralty, written
while on his expedition to the Cape of Good Hops. this time, Herschel had been
calling for a more coordinated approach to metegiokl observation, both in the
Preliminary Discourseand in the form of an instruction manual for makiand
recording meteorological observations, originallyblished in Cape Towt. The
views expressed in his letter to Beaufort corredpaery well with his remarks in the
Preliminary Discourseand are important in that they help us to undedsthis
attitudes to Kew Observatory in the 1840s. Hernsauyocated to Beaufort a
hierarchical system of observatories worldwide, which the great national
observatories such as Greenwich formed a ‘firdst]avith which those institutions
‘of an inferior class’ could and should not competelowever, there were many
important tasks to be done by these lesser obseiest They should, said Herschel,
carry out determinations of constants such as lggality, mean atmospheric
pressure and sea level (the ‘absolute height alloedevel of the Sea of some
natural unobliterable mark above or below the statf observatory’). Herschel
now also proposed that an important part of thesttutions’ programmes would be
to observe, with the most up-to-date instrument$ rmethods available, ‘magnetic
intensity and direction’, ‘meteorology in all itxtent’ and tides. Thus Herschel’s
vision of a physical observatory involved routinemtoring of variables such as the
Earth’s magnetic field, as well as the establisinoérconstants. Herschel had no
plans for how such a system of observatories shbeldput into effect and he
concluded with the reflection: ‘Perhaps all thislieaming™® We do not know the
exact context of this letter to Beaufort, thoughh&t end of the letter he remarks on a

ceasefire in the frontier war then taking placeSwmuth Africa, suggesting that this

14 Brewster to Harcourt, 28 April 1832, in Morrellcaithackray (1984), pp. 138-141.
15 Good (2006), pp. 55-56.
16 Herschel to Beaufort, 11 October 1835, RS:HS A..18
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vision of a system of observatories was part ofseleel’'s view of enlightened
imperial administration that he developed during $tay at the Cape of Good Hope
in the 18308’

Figure 2.2 George Biddell Airy, Astronomer Royal 1835-1881.
Image courtesy Royal Astronomical Society.

Because of their importance to navigation, georaagm and meteorology
technically came within the remit of Britain’s ‘§i-class’ observatory, the Royal
Observatory at Greenwich, which from 1835 was hédae George Airy (Figure
2.2). As described in Chapter 1 (Section 1.3),eGwech had been founded to assist
navigation by solving the problem of finding longie at sea. Edmond Halley
(Astronomer Royal 1719-1742) had laid many of tbentdations for geomagnetic
research and for some years John Pond, GeorgesAirgdecessor as Astronomer
Royal, had run a magnetic observatory at GreenwiBlut Greenwich had never
done any magnetic work on a large scale and by,:M888n Airy succeeded Pond at
Greenwich, it had ceased altogether. Airy supplom@gnetic work in principle, so
long as it had a navigational purpose. In the $88% example, he played a major
part in investigating the corrections needed fognedic compasses on iron ships.

In 1836 he agreed to support a limited programmegedmagnetic research

17 Ruskin (2004), pp. 52-57; Musselman (1998).
18 See Cotter (1977).
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suggested by the Royal Society in response to Hidtibdetter of that year. It is
clear, however, that from very early on in his tiateGreenwich, Airy and Sabine
did not get on. This animosity may have ariserabse Airy saw Sabine as a rival
and a challenge to his authority. It may also steym the fact that Sabine, unlike
Airy (and Herschel), was no theoretician. Sabirees iundamentally a collector of
data, who had learned his art through his careethén Royal Artillery and on
voyages of exploration. He had not been educatethe regime of reformed
Cambridge mathematics in which theory, not empliritada-gathering, was seen as
the all-important driving force in the physical ewces. David Philip Miller has
noted the ‘superior attitude’ taken by membershaf Cambridge network towards
those outside this groud;Airy, in particular, was notorious for his insist& on
training in higher mathematics as a prerequisiteafteading role in the hierarchy of
the observatory® In 1837 Airy refused to support the plan for amtactic voyage,
apparently out of jealousy towards Sabine’s indrepgolitical powerr! He did
agree to take part in the Magnetic Crusade by imgld wooden ‘pavilion’ for
magnetic observations at Greenwich, one of théfisi@d’ observatories envisaged
in the plan, for which the government allocatedyAi2,000 per year for the duration
of the project. But he was never an enthusiasthieiMagnetic Crusade as a whole,

as is emphasised by the sour tone of his lettardaolleague in early 1840:-

‘I have nothing to do with the new magnetic obsttias, and know nothing about
them.

The supreme president over them is Professor L{dsidity College Dublin) who is
certainly willing and | suppose able to tell wHagy are to be like?

Airy had less regard for meteorology than geomagme as a science,
because he believed that meteorology lacked a theoretical basi$® But even
before the Magnetic Crusade began, the AstronommyalRhad instigated a
programme of meteorological observations at Greemwilo run the new ‘Mag. and
Met.” department, as it became known, Airy recaitdames Glaisher, an

19 Miller (1986), p. 110.

20 Aubin (2011), p. 117. The importance of Airy’sflaridge education is described in
Warwick (2005), pp. 72-75.

21 Morrell and Thackray (1981), p. 364.

22 Airy to W S Stratford, 27 February 1840, RGO 6/@7%.

23 Meadows (1975), p. 103.
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outstanding young observational astronomer whony Aad taken with him from

Cambridge when he was appointed Astronomer Rof#though he remained loyal

to Airy throughout his working life, Glaisher woufdove to be a strong personality
in his own right, establishing Greenwich as a eewfr cutting-edge meteorological
research in defiance of any competition. Thus Hey time the Kew Observatory
building became available in the early 1840s, &/{iuinctioning geomagnetic and
meteorological observatory had been establishedGraenwich, at government
expense. This would have an important bearingherhtstory of Kew Observatory

in the 1840s and its relationship with governmast| shall describe below.

2.3 ‘I think at Kew’: the Royal Society’s proposalfor a physical observatory

In June 1840, during the same summer as Forbestsdecall for an improved
national system of meteorological observations, fReyal Society Council
communicated to the government a proposal for doimgetremarkably similar to
what was eventually established at Kew: a magraetit meteorological observatory
in the vicinity of London, run by full-time stafha established on a permanent basis.
This proposal was in contrast with the system, rilesd above, of temporary
magnetic observatories set up in various outpostth® British Empire. This
episode — which involved a substantial funding mapion to the highest level of
government — has been briefly noted by Marie Boadl, ind also Morrell and
Thackray, who have put the failure of the applmatdown to the incompetence of
the pre-1847 Royal Societ§. Carter has discussed these events in more deatiil,
he has overemphasised the role of John Herschelge vetttaching too little
importance to that of Edward Sabine and overlookawidence that the Royal
Society withdrew its application to the governmafier the intervention of George
Airy.?> A further examination of the correspondence risveame evidence, hitherto
unnoticed by historians, that the Royal Society mpagsibly have had Kew in mind
as a location for the proposed observatory. Guytahe similarity of the 1840

proposal to the programme of work eventually cdroat there makes this episode

24 Hall (1984), pp. 155-156. Morrell and Thackra@g1) refer to it as ‘a gaffe of the first
order’ (p. 350).
25 Carter (2009), pp. 108-113.
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crucial to understanding the history of how thenfer King’'s Observatory was
transformed into the Kew Observatory of the 184@$ laeyond.

The immediate beginning of the episode can beettdc 4 June 1840, when
Forbes, while in London, used the opportunity tmizh another of his attacks on the
state of British meteorology, particularly the nwtdogical observations still being
carried out at the Royal Society’s premises in SgeieHouse. The Royal Society’s
Committee of Physics and Meteorology decided tonf@a sub-committee with a
brief to consider and report on this subféctThis met four days later and consisted
of Forbes, Daniell and Sabine, plus the meteorstaaid electricity expert William
Snow Harris. The sub-committee resolved that theeovations currently being
made at Somerset House were ‘unavoidably unwortliyeoofficial character which
they bear, in consequence of the imperfectionsheflocality and the multiplied
duties of the observer. They recommended that Hyistem be replaced with
something much more ambitious: the Royal Societyr€ should now apply to the
government ‘to establish a permanent MeteorologiRadister in connexion with
some National Institutior?! By the next meeting of the Committee of Physis,
17 June, this request had changed to ‘a magnaticreateorological observatory on
the same plan as those already established in ptres of the globe ... in the
neighbourhood of London’. The Council was ‘recomated to apply to the
Government to carry this purpose into immediateatff® This was duly ratified at
a Council meeting the following day, Thursday 1&eluwhich was attended by
twelve people, among them Edward Sabine. Theyasqd that the President, Lord
Northampton, bring the subject up with the Primanistier, Lord Melbourné®

Quite how, between 8 and 17 June, the plan wassfosemed from an
improved version of the meteorological record kafpthe Royal Society into a full-
blown observatory doing magnetic work as well astemmlogy, is not clear.
However, some clues can be gained in a brief exyghan letters between George
Airy — who was not a member of the Royal Societyu@ul or the Committee of
Physics — and his old friend, the noted astronorRéchard Sheepshanks.

Sheepshanks reported that while walking home frben Athenaeum club on the

26 RS:CMB/284, 4 June 1840.

21 RS:CMB/284: Report of Sub-Committee of Meteorologyune 1840.
28 RS:CMB/284, 17 June 1840.

2 RS:CM, 18 June 1840.
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evening of Monday 15 June, he had been informe®tdnance Survey director
Thomas Colby that ‘there was some talk of the waniagnetic observatories at
Greenwich & that there was & would be a consideraifficulty as to the regulation
of the magnetic observatories recently establisfibd'se of the Magnetic Crusade).
In addition to this slight against Airy’'s magnetastablishment at Greenwich,
Sheepshanks’s informer also intimated that there tha possibility of a move to
appoint a ‘magnetic chief — he named Sabine asssiple candidate — to run the
magnetic observatories independently of GreenficBheepshanks’s letter has the
tone of a friendly warning to Airy, who seems tovddeen kept in the dark about
the whole move. From this it seems possible thats Sabine who turned the idea
for an improved meteorological register into a netgnas well as meteorological
observatory. As we have seen, Sabine had long deaml of Airy as well as the
chief mastermind behind the Magnetic Crusade. Hi& &tended all the various
committee and Council meetings between 4 and 18.JWoreover, with his long
experience in magnetic survey work, he was an alsvichoice for the post of
‘magnetic chief’.

The application took the form, to begin with, oflaputation consisting of
Lord Northampton, Edward Sabine, Royal Society Suear John Lubbock and
Samuel Hunter Christie, Secretary of the Royal &gand a professor at the Royal
Military Academy in Woolwich. These four visitedolyning Street on 20 June — a
Saturday, when Melbourne presumably had more toneuch visitors. The Prime
Minister would have been used to such a deputaitying for funds for scientific
projects: the government’s agreement in 1839 tanite Ross’s Antarctic expedition
and the magnetic observatories contemporaneous itvitlas partly the result of
consistent lobbying by small groups of leading siiie personalities, Sabine
prominent among them. John Herschel did not attersdl meeting or any of the
committee or Council meetings in June 1840. He medasa Council member by this
time and only two months earlier he had moved msosecluded country residence
in Kent and so he may well have been preoccupiéu settling in.

The day after the meeting Lubbock reported that Pnime Minister had
received the visitors well and that although noiglen could be made there and
then, Lubbock had ‘no doubt that sooner or lat§iuinding] will be granted’. More

30 Sheepshanks to Airy, 17 June 1840, RGO 6/675/208-2



56

importantly, Lubbock’s letter is the earliest evide we have that this time the
Royal Society was seeking funding for something/\dfferent from the temporary
observatories of the Magnetic Crusade, which hadiéial lifetime of three years.
The proposed new observatory would be ‘a permameagnetic and meteor.
observatory®! According to a later letter from Lubbock, the ebstory would
need a director plus three assistants, givinga #&wtnual salary cost of £2,000. The
cost of printing the observations, together witlridas other expenses such as
repairs, increased the cost estimate to a minimb@3®00 per year. Lubbock
emphatically stated that in addition to magnetiakydhe observatory would also
carry out ‘meteorological observations similar ttoge now made at the Royal
Society but on a more extended system’; in additibrmay be desirable to devise
also observations of the electrical state of theabthers which the Royal Society
did not furnish’?

Sabine, in a letter to Herschel, claimed to hagenb‘perfectly ignorant of
what had passed at the Council’ on 18 June, arid_thdbock and the others had put
him on the spot, forcing him to say to Melbournattthe Royal Society wanted a
permanent observato?y. Sabine’s name clearly appears on the list ofehebo
attended the Council meetidtyso he could not have been as ‘perfectly ignoraht’
what had happened as he claimed. As Herschel was iCouncil member, he
would not have had access to the minutes of itdinggeand so it would appear that
Sabine was not telling the truth, either in thigas or in his claim to have been put
on the spot by the others at the meeting with th@d>Minister. Moreover, on no
other occasion did Sabine express misgivings athdonew observatory being a
permanent establishment. These two factors, pheei&hanks’s letter to Airy, as
well as Sabine’s track record of a poor workingtiehship with Airy, suggest that
there is at least circumstantial evidence that r&alwolluded in the idea of a
permanent observatory independent of Greenwichhamdwell have been central to
the project.

Exactly how George Airy came to hear about theutlpn to the

government is not known. Certainly he was tipp#dog Richard Sheepshanks on

31 Lubbock to Herschel, 21 June 1840, RS:MM 16.141.
32 Lubbock to Herschel, 27 June 1840, RS:MM 16.142.
33 Sabine to Herschel, 6 July 1840, TNA:BJ 3/26.

34 RS:CM, 18 June 1840.
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17 June about the Royal Society’s plans, but by tihee he wrote to Lord
Northampton on 28 June he had more up-to-date laupel-

| have just heard a very vague report that a recenaation has been addressed to
the Government by the Council or by a Committeghaf Royal Society, to the
effect that a magnetic observatory should be edeatditted up by the Government,

| think at Kew.

Airy went on to describe his ‘excellent Magneticgehbvatory’ at Greenwich, which
had been built ‘at considerable expense to the Bovent’. Asking Northampton
for further information on the proposed new obsemsga he emphasised the
importance of saving the government expenses tleat vabsolutely unnecessary’
and that ‘the machinery of a new establishment lshbe dispensed with when that
of an old one can be made availaSfe'.

In all the extensive correspondence on the 184@net&c observatory
episode, Airy’'s 28 June letter is the only evidemae have that the proposed new
establishment might be at Kew, and even this do¢prove that the former King's
Observatory was to be used as a site. None ofrnihetes and correspondence
contain any suggestions for a site; indeed, jukirbethe deputation Sabine claimed
to Herschel that ‘no one ... seems to have anyndisidea of where such an
establishment can best be plac&dYet it is interesting that Lubbock’s cost estimat
details only the annual running costs and makemewation of a suitable building or
instruments. The latter might have been paid fdrad private funds or the Royal
Society’s own coffers, but erecting a new, permareniding from scratch would
have required a substantial capital investment meyprivate or Royal Society
means. If the Royal Society had in mind a readgeniauilding that was available
free of charge, it is difficult to think of any Bding at Kew other than the King’s
Observatory. Moreover, there is evidence that regVteading men of science had
been alerted to the situation of the disused olasery in the weeks following the
death in 1839 of Stephen Rigaud, who, as desciib&hapter 1 (Section 1.4) had
assisted with the running of the observatory. ®hoafter Rigaud died the

35 Airy to Lord Northampton, 28 June 1840, RS:MM H4B1

3% Sabine to Herschel, 18 June 1840, RS:MM 16.13%wever, according to Herschel,
Sabine suggested that a temporary observatory mfgrate at Woolwich until a permanent
establishment was completed. Herschel to Airylg 1840, RGO 6/675/239.
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astronomer William Rutter Dawes had made enqualesut applying for Rigaud’s
vacant position at Kew.

In a second letter to the Royal Society, Airy matl an alternative plan: an
extended magnetic and meteorological observatorgraenwich, under his own
direction, which would obviate the need for a neeparate establishment. Airy
offered to use his existing magnetic and meteorodddpuilding and to carry out the
same programme of work with fewer extra staff ttta® Royal Society’s proposal,
sharing some personnel with the main astronomibakwatory’® His letter was
read out at a meeting of the Committee of Physic8 duly and at a meeting of the
full Council held the same day. The minutes of @wncil meeting quote a total
extra staff cost of £550 per anndf.Even if we add the costs of extra instruments
and printing, the total cost was obviously far ldsn the £3,000 per year quoted in
Lubbock’s plan. Again Airy made much of the needsave public money: ‘as the
Government have been led to expend a considerableos this building for this
purpose, ... | do think that it would be most untawvards the Government, and most
injurious to the cause of science in future negama [sic] with the Government, to
set aside the consideration of this investmentuiiging what is best to do at
present’. Airy concluded his letter by asking Lobk to ‘assure the Committee that,
if they determine on not accepting my offer, | $hally understand that the
inconveniences attached to it do in their estinmaéirceed the conveniencé®’ Airy
may have sincerely thought that the committee miiglat his offer of an extended
magnetic observatory inconvenient, perhaps fortwacreasons, Greenwich being
some distance from central London. But these wordght have been a polite way
of sending a different signal: if the committee ev&w reject Airy’s offer, Airy would
take it that they thought that he could not do@sdga job as the Royal Society. The
latter interpretation is especially plausible givbat, as noted above, Sheepshanks
had warned him of ‘talk of the want of magnetic etvsitories at Greenwich’, which
would surely have perturbed Airy. Both of Airystiers have a clear tone of anxiety

about the very idea of a separate observatory. arl@ldhe wanted to keep the

37 Dawes to Herschel, 1 April 1839, RS:HS 6.58; Daw@sAiry, 1 April 1839, RGO
6/245/61.

38 Airy to Lubbock, 3 July 1840. Reprinted in RS:C8AJuly 1840.

¥ RS:CM, 9 July 1840.

40 Airy to Lubbock, 3 July 1840, reprinted in RS:C8July 1840.
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permanent magnetic and meteorological observatiadsr his own control and saw
any separate observatory as a rival.

Faced with Airy’s offer to do the job more cheaplyd just as efficiently, the
Royal Society had no option but to back down. Age tCouncil’'s request,
Northampton wrote to Melbourne on or before 20 Judyracting the application
made one month before, claiming that the requesafeeparate observatory had
been due to concerns about Airy’s lack of resoutaak the extra work himself, but
he was now pleased ‘to find that we were mistakethare can be no doubt of his
entire fitness for the most satisfactory perforneamd such additional dutie€.
Melbourne was no doubt relieved at the opportutdtgave some £2,000 a year of
public money, particularly as by 1840 he was legdimminority government. Only
a year earlier his government had reluctantly afree support the extremely
expensive Antarctic expedition and the accompanyiagnetic observatories, so it
must have been difficult for him to justify yet neospending on costly scientific
projects — in this case, moreover, a permanentredsgy, not a one-off series of
temporary ones. Indeed, the political situatiomgtmiwell explain why the Royal
Society acted with such haste in applying for fugdin June 1840: if they did not
move quickly, the government could fall and be aepd by a Tory administration
under Sir Robert Peel, who had a reputation fondpdieen to reduce public
spending.

Herschel might well have agreed with the Prime istar about yet another
substantial application for funding so soon after Magnetic Crusade: ‘it would not
only seem but be importunate to press, just ateptefor further grants in this
direction’. Herschel strongly supported, in prplei the idea of a permanent
magnetic and meteorological observatory: he thotiggit such an institution would
‘do honour to the country & confer great benefits science’. According to
Herschel, even more important than a physical ebsery was what he termed an
‘experimental Institute or College’, which would dwore general standardisation
work: ‘an institution destined for the systematietetmination ... of all the
invariable elementary data of physical theoriesciwhadmits of such determination

such as atomic weights — specific heats — pyrometranges — electric — thermotic

41 Morrell and Thackray (1981), p. 350.
42 Northampton to Lord Melbourne, RS:MM 16.145 (uedhtbut enclosed with a letter
from Roberton to Herschel, 20 July 1840, RS:MM 28)1
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&c constants — such that is to say as are notlota or temporary nature’. Yet
most tellingly for the future of Kew Observatorygtdchel thought that ‘the proper
locale of a physical observatory should be on tha Goast — 1st for observation of
the tides — 2d as a centre of departure of a geoeastland-line — to be ultimately
referred to the mean-sea level at that spot aslaapty invariable standaré. So it
would appear that Herschel had good scientificaieador not supporting Kew or
anywhere else near London as a good location faryaical observatory: this was
obviously the wrong location for a coastal obseat Moreover, the vision
expressed here of an observatory at a coastaldacameasuring physical constants
as well as making magnetic and meteorological eagiens, is entirely consistent
with Herschel’s earlier ideas for physical obseovias in thePreliminary Discourse
and his October 1835 letter to Beaufort.

Thus the Royal Society’s failed application fomaw government-funded
observatory was likely not a ‘gaffe’, but rathecarefully planned manoeuvre by
Sabine that was foiled only by Airy and his intgdihce network. Before long,
however, there would be a new possibility of aneobatory at Kew and this time

Airy would be powerless to do anything about it.

2.4 Sabine, science and politics: Kew Observatognd the Royal Society, 1841-
1842

On 5 February 1841, Sabine wrote to Herschel wetlwanfrom Francis Beaufort: a
government official had told Beaufort that the femiKew Observatory building was
in such excellent condition that it would not bdlgdi down, as had been intended,
and had asked him if he could think of any usdtfoAccording to Sabine, Beaufort
had suggested a magnetic observatory, to whicloftieal replied: ‘well, so, so, &
you will have it, most likely’. The availabilityfahe building may not have been
news to Sabine, who went on to say: ‘for altho’ theangement relative to
Greenwich seems to have forestalled the use théd so well have been made of it
as a Magnetc. & Meteor. Observatory, it seems @ sgitable place for your ulterior
project of a Physical Observatofy. Beaufort had certainly been aware for some
time that the building was disused: as early a®183had reported to Herschel that

43 Herschel to Airy, 6 July 1840, RGO 6/675/239.
44 Sabine to Herschel, 5 February 1841, RS:HS 15.123.
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it was to be pulled dowf?. This adds further weight to the idea that Saké@ndeast,
had had the Kew building in mind in 1840.

Nothing further then happened until 24 June. diyrhave been Sabine, who
attended the meetings of the Committee of Physicsfall Council that day, who
informed the Royal Society that Kew Observatory Wwagg made available by the
government, apparently free of charge. In any gvimie Committee of Physics
passed a resolution in favour of acquirind®it. The Council duly adopted the
resolution and once again the President was reggi¢éstmake an application to the
government, though not for funding this time, only for possessof the building.
But Northampton does not appear to have done tidsirsstead there was another
long delay. Nearly five months later the Counsked the Committee of Physics to
report back as to ‘what specific scientific purposé would be desirable to
appropriate the building formerly occupied by thésérvatory at Kew' and to
suggest ‘what would be the probable annual expesisapplying it to such
purposes*® The Committee of Physics duly appointed a subraiitee, consisting
of Herschel, Sabine and Charles Wheatstone (p@fedsexperimental philosophy
at King’s College, London since 1834), to draw he teport for the Council. These
three met on 18 December, though their resultipgmntewas not read to the Council
until 10 February 1842. The report gave a mixedli¢e on the observatory. To
begin with, the sub-committee thought that Kew was suitable for ‘any regular
and systematic course of physical observationsthieySociety, due to its ‘peculiar
restrictions as to access and inhabitancy and aih@rmstances’. The report did,
though, recommend several other uses for the IngiJdsuch as a depository for
Royal Society instruments and a place for comparieb instruments such as
pendulums. The estimated costs were a salary o@itab27 per annum for a
caretaker and a mere £5 per annum for maintenaredar cry from the £3,000
annual cost for the 1840 observatory and even 5% for Airy’s extended ‘Mag.

and Met.’ establishment at Greenwith.

45 Beaufort to Herschel, 17 July [1839], RS:HS 3.40.

46 RS:CMB/284, 24 June 1841.

47"RS:CM, 24 June 1841.

48 RS:CM, 11 November 1841.

4 RS:CM, 10 February 1842. The report is reprodueatiatim in Scott (1885), pp. 48-9.
The original manuscript report is in RS:MM 16.189.
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That the report dismissed Kew as unsuitable fogule, systematic
observations may at first seem surprising, givext the building would be used for
precisely that purpose later in the 1840s. Themrewindeed some genuine
‘restrictions to access and inhabitancy’, such fes huilding’s remoteness from
central London and the fact that an existing c&egtalready occupied the basement,
but these were not insurmountable, as we shalirs&ection 2.5 below. We do
know, however, that the report was drafted by Hek® who, as we have seen,
would not have considered Kew a good site for asjglay observatory. Probably no
one at this time had greater authority in the ptglssciences than Herschel and in a
sub-committee of just three people Sabine and Vetwa may have had no choice
but to defer to his wishes. But the main reasonhyg the Royal Society decided not
to use Kew as a magnetic and meteorological obsegwa and, indeed, why the
Council did not immediately go ahead with the padao acquire the building —
might well have been financial and political. Givthat the Council had specifically
asked about the ‘annual expense’ and that the tmat of the watered-down
proposal amounted to little more than £30, it kely that a full-scale observatory,
complete with staff and instruments, would havenbe® large an annual charge on
the Royal Society’s funds.

Herschel himself may well have shared the genswakensus about costs:
just before the December 1841 sub-committee meet@agonfessed to Sabine that
he thought Kew Observatory ‘likely to cause somgréee of embarrassment’ to the
Royal Society! If Kew were to cost £3,000 a year to run, the &Society would
once again have had to apply for a hefty governrgeantt little more than eighteen
months after its retreat in 1840. Also, Herscheidved that large-scale physical
observatories of the sort envisaged in Ereliminary Discourseshould be run by
the government, not scientific societies: muchr|ate expressed the belief that to
take responsibility for an observatory or any otpermanent institution would
‘deprecate’ the Royal Society. To make matters worse, by the end of 1841 the
political climate had now changed: Melbourne’s Whayernment had finally fallen
and had been succeeded by the Tories under Peeschél, for one, considered the

outlook for science under the new government ‘editegy ill-omened’ and

%0 Sabine to Herschel, 13 January [1842], RS:HS .13
51 Herschel to Sabine, 2 December 1841, TNA:BJ 3/26.
52 Herschel to Murchison, 15 February 1850, TxU:HA69; Reel 1054.
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bemoaned ‘the _good old Tory feeling of hatred andtempt for Science and its

followers’ >3
It is also possible that Sabine, who had ruthjessled both the Royal

Society and the BAAS in his lobbying campaign toe Magnetic Crusade, agreed to
the watering down of the proposal in order to stéer Royal Society towards
rejecting the government’s offer, with the ulteriaotive of making the observatory
available to the BAAS, which he might well have ulgbt would be more receptive
towards it. We do not have any documentary evideas to Sabine’s and
Wheatstone’s motives, however. All we know is thiathe Council meeting exactly
one month later, with no reasons recorded othem #wnsideration of the sub-
committee’s report, it was decided that ‘it does appear to the Council to be
expedient for the Society to occupy the Observaabigew’. The Council requested

the Treasurer, Lubbock, to communicate this desigiche government.

2.5 The British Association: founding the ‘estabBhment’ at Kew, 1842-1843
On 28 March 1842, just eighteen days after the Keilding was finally rejected by
the Royal Society, the possibility of acquiringat the BAAS was formally raised at
a BAAS Council meeting. The Royal Society’s rej@etwas noted ‘and that if an
application should appear desirable on the parthefBritish Association, it was
necessary that it should be made without delaybir® and Wheatstone were both
present at this meeting; indeed, Sabine attendesi oidghe BAAS Council meetings
over the next several years. At the 28 March mgatvheatstone, who had been on
the Royal Society sub-committee that had rejectesv Kas a site for systematic
observations, now read a statement ‘of several itapb objects in the Physical
Sciences’ which the Kew building would offer to BSAAmembers ‘in the
prosecution of experimental inquiries’.

Wheatstone appears to have drawn up this docuraedtit is apparent from
it that the proposed programme of ‘experimentaliings’ was very different from
the Royal Society’s watered-down proposal for astrument store and small-scale

standardisation centre. It stated unequivocally:is proposed to establish, in

3 Herschel to [Sabine], 5 September 1841, TNA:B&.3/2
® RS:CM, 10 March 1842.
SSBAAS:CM, 28 March 1842.



64

connexion with the British Association, a Physidabservatory’ in the Kew
building. The objectives of this physical obseovgt fell under seven broad
headings: a repository ‘and place for occasionaeolation and comparison’ of
newly-invented meteorological instruments; the ¢amsion and trial of new self-
recording meteorological instruments; a repositofystandard instruments with
which people could compare their own instrumentsplace where magnetic
instruments currently used ‘in the various magnehservatories’ could be kept to
enable people to learn how to use them; the setifingf apparatus for research into
atmospheric electricity; a room for experimentalrkvaon optical astronomical
instruments (an echo here of David Brewster's 188 for a large-scale optical
laboratory — see Section 2.2); and a collectiommefisuring instruments, ‘for the
purpose of obtaining accurate quantitative resefttsThe 28 March Council meeting
quickly approved the proposdl. On 16 May a formal application was sent to the
Prime Minister and just ten days later the goveminsent an official letter to the
BAAS, to the effect that the Queen had given hemgssion for the association to
take possession of the building.

The contrast between the response of the Roya¢{gand that of the BAAS
to the Kew offer is dramatic: whereas the Royali&gts discussions took nine
months, the BAAS made the decision at the sameingeat which the availability
of the building was announced and took possesditimecobservatory just over two
months later. This further strengthens the pol#tsilthat Sabine had given up on the
Royal Society as a probable lost cause long béf@rdormal rejection on 10 March
— and even that he had prepared the ground witeagples on the BAAS Council
well before the meeting on 28 March. But withouteaord of what was actually
said at the meetings we cannot know for sure. a@dytthere is no record in the
BAAS Council Minutes of anything being discussedwbKew Observatory in the
months prior to 28 March 1842.

Decisions by the BAAS Council to take on new pctgenormally had to be
sanctioned at an Annual Meeting of the Associati@m this occasion, however, the
Council resolved to take possession of Kew welblefthe 1842 Annual Meeting,
held in Manchester in late June of that year. Th#&y/ have been to avoid doubts

creeping in if proceedings were delayed, as hagdraga at the Royal Society, or to

%6 BAAS 1842 ‘prospectus’ for Kew Observatory, repeihin Scott (1885), pp. 50-52.
57 BAAS:CM, 28 March 1842.



65

pre-empt any dissent at the Annual Meeting. Thguisttion of Kew was duly
announced to the membership and wider public aiAtheual Meeting on 22 June
and it was approved with no recorded dissent. Hwere telling was the vote of
£200 to ‘be placed at the disposal of the Courcilupholding the establishment in
the Kew Observatory’® Not only was this a very different sum of moneyni the
approximately £32 a year suggested by the Royak8oc¢he phrase ‘upholding the
establishment’ is suggestive of a permanent, deast long-term, institution. And
indeed, the BAAS voted similar sums of money fomKever the next few years:
£200 in 184% and £150 in 1844 and 184%! Most importantly, this annual vote
was not a government grant but was from the BAASs limited resources, which
further underlines the commitment given to the g@cbjpy Sabine, Wheatstone and
the others on the BAAS Council. In the early tad#hB40s the BAAS made no
proposals to apply for government funding for Kewy is there evidence of any
such proposals being considered at this stagewa#t purely a privately-funded
project.

John Herschel seems to have played no part inBtitessh Association’s
acquisition of Kew Observatory. In fact, the BAA%&de more than one appeal to
his authority during this time, not only to seels ladvice, but also, one feels, to
obtain the backing of someone who was seen asettnl figure in the physical
sciences in this period, as noted in Section 20¥@b This was certainly the tone of
BAAS general secretary Roderick Murchison’s letterHerschel of June 1842,
imploring him to attend that month’s BAAS Annual 8tang: ‘On this occasion your
presence would be doubly useful in helping us te dirth to the child which you
have so large a share in creating — the Kew Obsegaf Physical Sciencé?
Herschel did attend this meeting, but he did nabb® personally involved in any
BAAS committees on Kew. In reply to a letter froftheatstone enclosing a draft of
his prospectus for Kew Observatory, he expressegantcular disagreements with
the project and thought that the observatory wanadiseful for experimental work,
but he was rather cool towards the whole ideasedmed to Herschel ‘not very

clear’ that the British Association’s plan for Keag a physical observatory would

8 BAAS:AR, 1842, p. xxii.

%9 BAAS:CM, 25 September 1844.

60 BAAS:CM, 17 June 1845.

61 BAAS:AR, 1845, p. xviii.

62 Murchison to Herschel, 16 June 1842, RS:HS 12.385.
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work. He doubted whether the BAAS had adequateluo support a physical
observatory that did long-term, systematic obs&aatfor the production of data
useful in theoretical work® We should remember, though, that he might weleha
had the same doubts about the Royal Society wastioch a heavy annual budget
commitment. Moreover, as in 1840 he now also guestl whether_‘the locality is
fitted’ (Herschel's emphasis) for such purposes.

But perhaps the main reason why Herschel did rnamtwo become too
closely associated with Kew was that by now he wvehsctant to become heavily
involved in the management of large scientific potg generally. Always preferring
to do research in a private capacity without anlygabion to larger organisations, or
committing himself to regular, time-consuming woHerschel was now fifty years
old and anxious to settle down to the mammoth &dskriting up the results of his
astronomical observations at the Cape of Good Hupiée he still had time and
physical energy left. In the same June 1842 léttalVheatstone, he expressed the
wish to confine himself to ‘general advocacy’ ofestific projects except for those
that he felt particularly passionate about, ‘nowthat | can calculate on but very few
years more of scientific efficienc§®. The BAAS was left to commence its
programme of observational work at Kew without Heed’s active involvement, as

| shall describe in Section 2.6.

2.6 Francis Ronalds, meteorology and atmospherideetricity at Kew

The BAAS lost little time in preparing the newlygagred building for work. In July
1842 a committee was appointed ‘to superintendhferpresent the arrangements at
the Kew Observatory’. This consisted of Wheatstdhe two general secretaries of
the Association (Murchison and Sabine) and thestnea®® In charge of the day-to-
day work at the observatory for its first ten yearsler the BAAS, and the first
individual to be known as the observatory’'s ‘supemdent’ (the pre-1840
equivalents were known as ‘King’s Observers’) waseatstone’s fellow telegraphy
pioneer, Francis Ronalds. Nothing is recordedhépapers of Ronalds or the BAAS

as to how Ronalds, now in his fifties, was appalnte direct the Association’s

63 Herschel to Wheatstone, 17 June 1842, TNA:BJ 3/26.
64 Herschel to Wheatstone, 17 June 1842, TNA:BJ 3/26.
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flagship institution, though by the early 1840swmes respected in scientific circles
and had known Wheatstone for many years. It isiptesthat Wheatstone suggested
Ronalds’ appointment, for as early as November 1BéRalds wrote him a long
letter, setting out his objectives for the Kew fex’, including electrical apparatus
and meteorolog$® According to an autobiographical letter dated,donalds was
indeed offered the post by the BAAS: keen to retarhis interests in electricity and
meteorology after a number of distractions, he épted the honorary direction of
the hardly more than projected Meteorological Kelas€@vatory under the auspices
of the British Association®’ Ronalds was from a comfortably-off family of cbee
merchants and appears to have funded his own ok®sr it is an indication of the
Association’s limited budget that, unlike all thatdr superintendents at Kew,
Ronalds’ post had no salary attached. That Rordililsiot require a salary must
have made his appointment attractive to the BAABrodtee, with its very small
initial budget of £200.

In January 1843, the BAAS Council announced thdtad employed an
assistant, John Galloway, at an annual salary Gf 2 6d to take care of the
observatory, to help the researchers ‘and to obdke best of his ability whatever
instructions he may receive from time to time’. lI@&ay was initially paid a salary
of £27 7s 6d and was arranged living accommodatiaime building®® From the
beginning he was much more than a caretaker. Hrddovember 1842, he used
instruments purchased by the BAAS to keep a ‘metegical register”’ a
traditional manual record of meteorological obsaors. We have no formal record
of Galloway’s background or what, if any, sciemtifraining he possessed, but in his
1844 report to the BAAS Ronalds describes a newnangeter, attached to which is
a ‘sentry box’, ‘the invention of Sergeant Gallowayho made nearly the whole
instrument’’* Given that Edward Sabine employed soldiers téopar the day-to-
day instrument readings in his colonial magnetisesbatories, it is quite possible
that Galloway was a soldier or ex-soldier recruited Sabine from among his

subordinates in the Royal Artillery at Woolwich. hi$ possibility is greatly

66 Ronalds to Wheatstone, 16 November 1842, IET Ss€.M4/17b.

67 Ronalds to Carter (first name unknown), 21 Felyrda60, University College London
Archives, GB 0103 MS ADD 206. | am grateful to Beey Ronalds for this source.

8 Symons (2004).

9 BAAS:CM, 12 January 1843.

OBAAS:CM, 12 January 1843.

I Ronalds (1845), p. 129.



68

strengthened by Ronalds’ earlier remark to Wheaéstthat ‘| suppose that the
Artillery Sergeant could do some of the heavier kvathich might be wanted?
This further strengthens the centrality of Sabmehe whole project. It is also an
example of military personnel being used as low-taisour to gather scientific data
and even build their own equipment, as happenetieean the 1830s when
Coastguard officers were used to take data foriaMillWhewell’s tidal research.

According to Ronalds’ 1844 report, the meteoralabirecord begun by
Galloway measured temperature, pressure, humidiigfall, wind speed and wind
direction. Observations were made at least twidayg ‘almost exclusively by Mr.
Galloway'.”* 1t is notable that from the beginning, high-gtyainstruments were
used. When they could not be afforded, they wereolved, as with a ‘mountain’
(portable) barometer ‘lent by Colonel Sabine umd can afford the expense of a
standard instrument’. Even more important, frore theginning of his reports
Ronalds showed a critical attitude to both hisrimsents and his observations.
Where possible, instruments of different types wesed at the same time and results
compared. Those whose accuracy was found to béingawere dropped. With
regard to the observations, Ronalds praised Gajlewefforts, but reflected that
‘had our habits and qualifications been always ad&xjto the attainment of extreme
accuracy, our instruments and other means woulé haen far from being sé.
This comment suggests that, according to Ronalds,irtstruments were only as
good as the less-than-perfect observers who ussd. tht is clear that Ronalds was
trying to do meteorology to the highest possibéandard of accuracy, perhaps higher
than had hitherto been achieved anywhere else.

The second item in the 1842 prospectus suggdsatdkew should become a
centre for building and testing self-recording noetdogical instruments. Automatic
meteorological instruments were nothing new by 1&Elf-recording barographs
and thermographs, automatically recording obsewmaton rolls of paper, had been
in occasional use since the late seventeenth gefftutHowever, automation of
meteorological (and astronomical) observations wasiing into vogue by the

1840s, as the new technologies of telegraphy antbghaphy greatly extended the
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73 Reidy (2008), pp. 169-172 and 281-293.

’“Ronalds (1845), p. 131.

> Ronalds (1845), p. 131.

6 Middleton (1966), pp. 41-42.



69

possibilities in this field. 1839, the year in whilouis Daguerre and William
Henry Fox Talbot first announced their photograppiocesses, also saw the
demonstration of a barograph that recorded a wate photographic paper. In the
same year, Scottish astronomer John Pringle Niataled for photographic
registration to be used more widely in meteorolagmbservationé’ In 1844 the
BAAS Council authorised the expenditure of £30 tlee purchase of a top-quality
self-recording barometer by Karl Kreil of Praguaedaa further £25 was spent on
transferring it to Kew? — a further sign of the Association’s commitmentising the
very best instruments at the observatory. Everenmopressive was Wheatstone’s
‘Electro-magnetic Meteorological Register’, whiclit@matically recorded 1,008
observations per week. It contained instrumentsdoording temperature, pressure
and humidity, each of which was activated in twwhen a wire connected to the top
of the mercury in the instrument sent a signalo type wheels, which printed the
instrument reading in figures. Yet although Whemats'’s six-foot high device was
pioneering and must have been a spectacular exarhplstrumental innovation and
prestige at Kew? it did not replace traditional meteorological otvsdions and
instruments. Rather, it was experimental in natudthough experimentation was
clearly on the agenda, Kew was becoming at leastuah a central meteorological
observatory as it was an experimental station.

From the summer of 1843, Ronalds and Galloway #legan to make
observations of atmospheric electricity, which haen stated as a clear objective in
both the 1840 proposal and the 1842 prospectugseThlectrical observations were
recorded along with the traditional meteorologiesldings and take up about half of
the columns of the meteorological register as mpced in the 184Annual Report
The observations were made in the observatory deweegrding to Ronalds’ 1844
report, the instruments used to make the measutememe attached to the base of a
conductor, a sixteen-foot long tube of copper placertically so that it protruded
twelve feet above the dome’s outer surface. Olasiens were made four times a
day of the intensity of electric charge and whethés was positive or negative. In
addition, a maximum and minimum charge was notadet on hourly observations

between 12 noon and 10 p.m., and an attempt wasnasle to relate the electric
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charge to the type of weatH€r.These electrical observations must have mada for
demanding routine, for in addition to the meteogatal readings Galloway had to
read the electrical instruments ‘every day fromf laad hour before sunrise until
night’. In return for this his salary was incredge one guinea per week, or almost
double his original remuneratidh,which demonstrates how seriously the BAAS,
with its limited budget, was taking this work.

On a first reading, Wheatstone’s 1842 prospectuslike the 1840 proposal
— makes no provision for magnetic observationsew K It merely mentions that the
observatory could be used as a place for the stopAgnagnetic instruments and
training in their use. But the prospectus cleadig not preclude systematic
observational work, for even the electrical obstoves are described therein only as
‘experiments on atmospheric electrici®y’. In any case, the electrical observations
had an important connection with geomagnetismatmording to the 184Annual
Report the committee in charge of the observatory ntitatlatmospheric electricity
had been given priority ‘on account of its impodann connexion with the system
of simultaneous magnetic and meteorological obs®na now making on various
points of the earth’s surface, in the recommendatibwhich the Association has
taken so prominent a paff’ Thus from the very beginning, Kew Observatory was
playing a direct part in the Magnetic Crusade. &dbwer, as early as November
1842, in a list of meteorological instruments hel sgere needed at Kew, Ronalds
had asked for ‘Dipping & Variation needl&and his 1844 report includes an as yet
empty column in his meteorological register ‘inteddfor the deviations of the
electro-magnetic needI&, strongly suggesting that at least basic magnetic
observations were being planned for the near futpeghaps when funding for
instruments was forthcoming. Sabine may even lapgdied for a grant from the
BAAS for magnetic work at Kew in 1842 — somethingt rmentioned in the
prospectus — for a private letter from Wheatstoremtons a ‘proposition for the
grant for the magnetic instrumen$8’. Magnetic observations were introduced to
Kew gradually in the mid-1840s; not surprisinglgetinstigator was Sabine. They
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were initially made with self-recording instrumentdevised by Ronalds,
contemporaneously with similar instruments built @eenwich by Charles Brooke
(see Chapter 3, Section 3.4). It seems, therefoat,the 1842 prospectus, with its
emphasis on experimentation, did not prevent Sabim slipping his beloved

magnetic observations into Kew by the back door.

2.7 Conclusion

By the mid-1840s, the BAAS Council could claim tave established at Kew a
‘physical observatory’, dedicated to meteorologicabservation, work in
atmospheric electricity and experiments with newpety of self-recording
instruments; indeed, as we have seen, Wheatst@tkeprscisely this phrase in his
1842 prospectus for the observatory. Yet fromabeve we can see that only up to
a point was it a physical observatory of the kindgmsed by John Herschel. While
aspects of it — meteorology, atmospheric elecyriaitd experimental work — were
certainly Herschelian, it was clearly not the cahtibservatory that Herschel had in
mind, which would also have incorporated fundamentak such as tides and sea
levels and, in Herschel's view, would have beenoaegnment institution, not
privately run by the BAAS (or the Royal SocietyThis goes a long way towards
explaining why Herschel was equally lukewarm abletv with both the Royal
Society and the BAAS: the building at Kew was irirety the wrong location for
his idea of a physical observatory and both orgdiuiss, he felt, were incapable of
supporting such an institution financially.

There is a strong case that the prime mover bethmdvhole Kew project, at
every stage from June 1840 onwards, was not HdrécheSabine. As we have
seen, Sabine had a motive: to wrest control of nfagnetic and meteorological
observations from his arch-rival, Airy. The harfdSabine is visible time and again
throughout the story. That Sabine was behind tB40lproposal is strongly
suggested by the moves behind the scenes in theeuof that year. It was Sabine
who, early in 1841, first let the Royal Society lnof the availability of the Kew
Observatory building and who then, seeing the $gsiéack of enthusiasm, was one
of those who took the project to the BAAS, perhdpbberately steering it towards
the latter organisation. At any rate, Kew in thed+h840s was a permanent

‘establishment’ (the BAAS’s own word) and was essd#ly a meteorological
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observatory, having as a central part of its pnogna observations of atmospheric
electricity tied to the Magnetic Crusade — carrged, moreover, by a soldier from
Sabine’s own regiment. In other words, it pursaedagenda consistent with the
1840 proposal for a magnetic, meteorological aedtatal observatory independent
of Greenwich, as far as was possible in the absehgevernment funding. Indeed,
some years later Sabine confessed privately tomtb&eorologist and astronomer
William Radcliff Birt (who later became associatedh Kew — see Chapter 3,
Section 3.2) that the government, by means of ‘®lad®ns at Greenwich’, had
‘undertaken to do, and in the most efficient manmkeat we wished to have done at
Kew but what we have never been able to accomgigtept in a degree very
inferior to our wishes®’ Sabine, ‘the artful dodger of the British sciéaoti
establishment®® again manipulated both the Royal Society and tAA® towards
his own agenda. While it is easy to see the astabkent of an alleged ‘physical
observatory’ at Kew as a straightforward realigatid Herschel’'s dream, in reality
the story is more complex.

Although Sabine bemoaned the lack of governmentifg, this had an
important bearing on the post-1845 history of Kelas€rvatory. Because Kew was
privately funded, Sabine and others involved wiih observatory had no obligations
to the government and so were free to pursue tveir agenda. As we will see in
Chapter 3, later in the 1840s Kew was to suffereriban one threat to its existence.
Yet the fact that Kew had to seek its own sourdesawme forced Sabine and his
colleagues to broaden the range of observatorymsesepractised there — with the
result that, by the end of the 1850s, Kew would doe internationally famous

institution of Victorian science.

87 Sabine to Birt, 25 May 1848, RS:Sa.1176.
8 Reingold (1975), p. 51.
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Chapter 3

Survival and expansion:
Kew Observatory, the Government Grant and standardsation,
1845-1859

Accept my best thanks for your kind attention noquring for me that “sinew of
Science” Cash.

Francis Ronalds to Edward Sabine, 1846.

The Committee are glad to have an opportunitestify to the increasing utility of
the operations at the Kew Observatory, in the Vabprious verifications, by Mr.
Welsh, of the twenty sets of Meteorological Instemts intended by the East India
Company for proposed meteorological observationsdia.

Report of the Kew Committee, read at BAAS Couldleting, 31 January 1852

3.1 Introduction

The phrase ‘sinew of science’, used by Francis Rigna the first epigraph above,
nicely encapsulates a central problem of Kew Otlaery (Fig. 3.1) in its early
years: lack of money. As we saw in Chapter 2 hm 1840s the observatory was
supported entirely by the BAAS’s limited funds. Mowidely, the phrase
illuminates the first of the fundamental questionglined in Chapter 1: the issue of
how the physical sciences were organised in thesteémth century, and, in
particular, the question of who should foot the biih this chapter | hope to use Kew
Observatory as a case study in the scholarly defmatke patronage of science in the
mid-nineteenth century. | show how the observatory, which in the mid-184@d
an annual budget of (at most) £200 and a restrietheit very definite) programme
of work, was over the next decade transformed artanternationally-recognised
institution whose budget had almost quadrupled. tH&ymid-1850s, moreover, part

'Ronalds to Sabine, 4 April 1846, IET S.C.Mss.1/8/17

2 BAAS:CM, 31 January 1852.

3 MacLeod (1971a) and Alter (1987) both deal wite fhatronage of science in the mid-
nineteenth century. For a more general discussitime scholarly literature in this field, see
Chapter 1.
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of its work was self-financing and on a commerbiasis. The observatory was by
then headed by a full-time, paid superintendent wdientific qualifications. In this

chapter, | show how this transformation happened.

Figure 3.1 An engraving of Kew Observatory made in 1851admcourtesy Royal
Astronomical Society.

I have split my analysis into three broad themhgadings. In Section 3.2 |
discuss how Kew Observatory survived several threaclosure in the 1845-1852
period. This was partly due to Edward Sabine’stigal astuteness: as during the
moves to acquire Kew for the BAAS, described in #ea 2, Sabine presented an
official mission for the observatory that was pobtly acceptable while all the time
pursuing his private agenda for a magnetic and oneliggical observatory
independent of Greenwich. The advent of the Gawent Grant in 1850 helped the
observatory to survive — though not in the sengé@fjovernment supporting it with
an annual grant. Rather, it will become clear tig BAAS Council may have
delayed closing the observatory in anticipatiorgofernment support that had not
yet been publicly announced. A second importactbfan saving Kew from closure
was the introduction of instrument standardisatora commercial basis. In Section
3.3 | show how from the early 1850s Kew Observatbggan standardising
meteorological instruments on a very large scalethat by the end of the decade,

hundreds of instruments were being verified at Keagh year, which brought the
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observatory a substantial extra income. The mastoeners for standardisation were
the London instrument-making trade, the Admiraltydathe Board of Trade’s
Meteorological Department, under its innovatingtfalirector, Robert FitzRoy. Kew
also did much standardisation work for foreign goweents and researchers. This
varied and prestigious client base brought Keweesfar beyond the Royal Society
and BAAS, so that by the end of the 1850s theremweatalk of closing it down. In
this section | thus begin to address our fundanheuiastion (Chapter 1, Section 1.1)
of the development of standardisation at Kew in ¢batext of the culture of the
physical sciences.

Also during the 1846-1859 period, the range of eobstory sciences
practised at Kew notably expanded from the limpeagramme of work that was in
progress during the mid-1840s. In Section 3.4olshow Sabine finally established
his cherished magnetic work at Kew, so that byl#te 1850s Kew was a world
centre for geomagnetic observations. This divieiprogramme of geomagnetic
and meteorological observations itself increasedaiservatory’s prestige — as was
demonstrated, for example, by a government-fundgalad of the Kew instruments
at the 1855 Universal Exposition in Paris. | akow how this growing programme
of work required extra staff, so that by the endhaf 1850s Kew had several staff,
some of them with a scientific training. Thus ldegss our fundamental question
(Chapter 1, Section 1.1) of the development ofdiheervatory sciences, by showing
how Kew mirrored the trend, identified by David Aapof diversification in the
range of sciences practised in the observatorynguitie mid-nineteenth century.
Indeed, it will become clear that Kew did not mgrealllow this trend: taken with its
work in standardisation, Kew itself became a praninlandmark in the mid-

nineteenth century observatory sciences.

3.2 The survival of Kew Observatory, 1845-1852

As noted in Chapter 2 (Section 2.5), at its anmaaktings from 1842 to 1845
inclusive, the BAAS consistently voted grants ofwmen £150 and £200 for the
running of Kew Observatory, in addition to occasibone-off payments for specific
projects there. But at the 1845 meeting the BAASh&al Committee passed the

motion: ‘That it be referred to the Council to také consideration previous to the
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next Meeting the expediency of discontinuing thevi@bservatory? As is typical
of the BAAS Annual Reportsno reason was given as to why this recommendation

was passed. However, a reporfTime Timeghe next day noted that:-

A long discussion took place upon the proprietythaf discontinuance of the Kew
observatory, on the ground that it had been asoedéhat the observations there
being carried on formed part of the subjects ofeolstion at Greenwich. It
appeared that the expenses of this establishmer 9&). per year, which the
reduced funds of the association would not afiow.

The article was anonymously authored and it appe@re national newspaper that
had a long history of being critical of the BAASIt therefore speaks more freely
than any report from within the Association, aneérethough we have no idea as to
whether the author was present at the meeting dkimgpfrom second-hand reports
it offers more insight into what might have happkné similarly anonymous report
in the Athenaeumnotes that the Council was asked ‘to consider hdrethe
Electrical Experiments at the Kew Observatory stiaubt be discontinued’. The
Athenaeuntlaimed that the decision had nothing to do witbney, but again said
that it had been taken because ‘similar observatiwere now being made at the
Observatory at Greenwich, under the superintendehBeof. Airy’.’

It is certainly true that by the 1840s the BAASI| seliant on income from
subscriptions and voluntary donations, was findinigcreasingly difficult to meet
its financial commitments. It had always beenAlssociation’s policy to fund one-
off projects in preference to permanent institutigeee Chapter 1, Section 1.2) and
in the competition for grant money Kew had manyalsvfrom across the whole
range of sciences. But regardless of any finanmoialive, both these independent
sources cite the same primary reason for consglediosure: that Kew was
duplicating work being done at Greenwich. We hawelocumentary evidence as to
who originated the motion to close down Kew, busiteasonable to speculate that
this may have been another move by George Airyutoap end once and for all to
this source of competition from the other side ohdon, just as he had forestalled
the Royal Society’s ill-fated attempt in 1840 tdaddish an independent magnetic

4 BAAS:AR, 1845, p. xviii.

° Anon., 1845a.

6 Orange (1981), pp. 58-59; Howarth (1931), pp. 85-3
7 Anon., 1845b.
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and meteorological observatory (see Chapter 2,ide@.3). The 1845 Annual
Meeting was held at Cambridge, where Airy had fourglintellectual feet in the
world of reformed Cambridge mathematics in the 5340d 18208. Many of his
old friends from the Analytical Society were presean this meeting and played
leading roles — notably John Herschel, who sen&di@sident. Airy had been
observing atmospheric electricity at Greenwich siat least March 1842so he
could quite reasonably have claimed that the waorKew was duplicating that at
Greenwich. Nevertheless, it is easy to imaging Aging in a strong position at the
1845 meeting to argue against the continuance of ®bservatory.

There is no evidence that the June 1845 motigedaany particular alarm
bells with Sabine or the other advocates of the Kegject. The BAAS Council
only came round to the issue at its January 1846étingg when it appointed a
committee ‘to collect information on the scientifpurposes which the Kew
Observatory has served, and on its general usefilte science and to the
Association’. Herschel was to chair the committé®;other members were Airy,
Thomas Graham (Professor of Chemistry at UniverSiblege London), George
Peacock (Airy’s former Cambridge tutor, now Deankty Cathedral), Sabine and
Wheatstoné? Of these, all except Airy attended the Janua#6l8ouncil meeting
at which the committee was appointed, suggestiag Aliry might have been co-
opted on the initiative of his friends Herschel d&ehcock. The committee’s only
recorded meeting took place on 7 May 1846, agaiygesting little sense of urgency
about the matter. The fact that Herschel had kovdiseatstone for directions to the
observatory, the venue for the meeting, emphasigeslittle interest he had in the
entire Kew project! As well as Herschel and Peacock, the presenéérpfon the
committee would presumably have been a force ageorginuing the observatory,
but the committee also had two of the observatosyésinchest advocates: Sabine
and his ally Charles Wheatstone, who had strongppsrted the BAAS taking on
the observatory in 1842.

According to the committee’s report, signed by ddbel, it was

‘unanimously’ agreed that the observatory at Kewudth ‘be maintained in its

8 Warwick (2005), pp. 72-75.

® Astronomer Royal’s Journal, 11 March 1842, RGQ!6.2
10 BAAS:CM, 16 January 1846.

11 Wheatstone to Herschel, 30 April 1846, RS:HS 1B.15
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present state of efficiency®. The surviving correspondence suggests that artrepo
was written in advance by Wheatstone and then el@ibd on at the meetihg.
Wheatstone had also drafted the BAAS’s original2Lgdospectus for Kew, which
had emphasised its use as an experimental statoi,may not be surprising that
many of the reasons given in 1846 for keeping theeovatory read almost like a
repeat of those stated four years earlier for takiion in the first place. The report
emphasised the building’s use as a convenient pemmior the BAAS and as a
repository for its instruments. The observatoryswairrently being used for
‘inquiries into the working of self-registering apptus’, which were now bearing
fruit. Similarly fruitful was Ronalds’ ongoing iy of atmospheric electricity: the
report noted that this had ‘in effect furnished thedel of the processes conducted at
the Royal Observatory’. More tellingly, the repodted that the BAAS’s occupancy
of the building was at the Queen’s pleasure andracf her interest in and approval
of scientific research and that if it were handedkonow it might never again be
available to scienc¥. There is an echo here of the March 1842 BAAS Cibun
meeting, at which the urgency of applying for u$¢he building was emphasised,
lest the chance be missed (see Chapter 2, Secyn Zhe report was accepted,
with no recorded debate, by the BAAS Council atnitseting in London the next
day*® and the decision to keep Kew Observatory runniag vatified at the Annual
Meeting in Southampton the following September.isTheeting also duly renewed
the observatory’s annual £150 gréht.

That Airy, as a member of the committee, agreekbp Kew running might
seem inconsistent with the idea that the AstronoRwyral saw Kew as competition
to Greenwich and so wanted to see it closed. Baicommittee’s report, rather in
the same way as the 1842 prospectus had emphdbsedefulness of Kew as a
place for experimental inquiries rather than aseamanent establishment, only
recommended that the electrical observations amperarents with self-recording
instruments be kept going. Almost nothing was salut the magnetic and

meteorological work that was central to Sabine’snagenda. In this light Airy

12 Report, dated ‘Kew Observatory, May 7, 1846’ gwirged in Scott (1885), pp. 54-5. The
report is also printed verbatim in BAAS:CM, 8 Ma§4b.

13 Herschel to Sabine, 20 April 1846, TNA:BJ 3/26.h&ftstone’s report is also mentioned
in Herschel to Airy, 29 April 1846, RGO 6/401/193.

14 Report, dated ‘Kew Observatory, May 7, 1846’ awirged in Scott (1885), pp. 54-5.
15BAAS:CM, 8 May 1846.

16 BAAS:AR, 1846, p. XX.



79

might have regarded Kew as a useful technical Eboy in support of Greenwich,
with Ronalds giving invaluable advice on making arsihg apparatus for electrical
observations. Indeed, two years later Ronaldsnédithat Airy gave exactly this
reason for agreeing to the continuation of the Kdservations in 1846: ‘that they
should serve as Tests for newly invented meteordbgInstruments &
Experiments?’ In any case, during 1845 and 1846, Airy had mathgr matters to
worry about: he was heavily involved with work fdhe Railway Gauge
Commission, set up to determine the standard geurdgritain’s rapidly-expanding
railway network; at the time of the meeting at Kew7 May one of his Greenwich
assistants was on trial at the Old Bailey for iheg&l murder; and in late September
1846 the Berlin astronomers Johann Galle and H#inD'Arrest announced the
discovery of a new planet, Neptune, an announcengemtkly followed by
allegations of inaction on the part of Airy overegictions of the new planet's
position sent to him by Cambridge mathematiciamJBbuch Adams the previous
year®® If Airy saw Kew as a problem at all at this stagevould likely have been as
but one problem among many.

Nothing further regarding the future of Kew Obseory appears on record
for most of the next two years. Then, in April 88%e Council asked the committee
that had met in 1846 ‘to prepare a Report on wiaatdince been done, and on the
present state of the Observatory’, in order to kdista whether it was worth
‘continuing the present expenditure’ on the obstemya This time the initiative
seems to have come from the Council and not theuAlnkleeting, which was not
held until August of that year. It is unlikely kmve come from Airy, who was not
present at the April meeting and was not a Coumaimber. The minutes do,
however, record the co-option to the committee ebiard Horner (1785-186%).
Horner's main interests were geology and the im@noent of working-class
education; he had also served as the most energktibe four commissioners
appointed to enforce the 1833 Factory Act whickrafited to limit the use of child
labour in factories. Given the BAAS’s limited buid@nd the £150 a year that it was

17 Ronalds to Sabine, 30 June 1848, RS:Sa.1087.

18 There is a very large literature on the ‘Neptucanslal’. Of particular relevance to the
pressures on Airy in 1846 is Chapman (1988a), pp-126; and Smith (1989), pp. 401 and
410-411.

19 BAAS:CM, 14 April 1848.
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costing to run Kew Observatory, Horner might wedlvl felt that the Association
had more urgent priorities.

The 1848 motion caused much more consternation that of 1846,
triggering a vigorous correspondence between Rendi@dbine, Herschel and a
meteorologist and astronomer who by 1848 was wedlakn in the physical sciences
community but had had little direct involvement hwiKew up to then: William
Radcliff Birt. Self-taught in the sciences (as &ris known), Birt was an amateur
astronomer eagerly looking for a paid job in thadiof his hobby. In 1842, soon
after the news had appeared of the BAAS’s acqaisitif Kew, Birt had sought a
testimonial from Herschel in support of his apgiia for the ‘curatorship’ of the
observatory° In the late 1830s Birt’s work in both astrononmganeteorology had
caught the eye of Herschel, especially his propdsala long-term series of
observations to detect ‘atmospheric waves’ — presaaves which some, including
Herschel, believed might help explain the circalatof the atmosphere, something
that was poorly understood at the time. Betwee&9Xhd 1843 Herschel supervised
Birt in a project, supported by a £50 grant frora BAAS, to reduce meteorological
observations with a view to verifying the existerméghese waves. This resulted in
several papers in the BAASnnual Reportdn the 1840s and beyond. Vladimir
Jankovic has shown how the theory of atmospheriewdecame discredited after
the late 1840s, when it gradually became appahatthere was no real evidence for
the waves and the emphasis of meteorology had elarfigm theory-driven
research to practical, utilitarian work in suppairthe navy and merchant shippifig.
But in the 1830s and 1840s Birt's work impressedsEleel because it resonated
exactly with Herschel’'s own approach to researbht tlata should be gathered not
for its own sake but for the purpose of puttingottyeto the test. Later, he was to
praise Birt's analysis of the Kew observations @h@spheric electricity as an
‘interesting and thoroughly inductive discussion afmass of obsng? — words
which might have been taken out of HerschBf¥sliminary Discourse

In May 1848, just six weeks after the future ofwKevas again put under
review, Birt wrote to Herschel to say that the plssimpending closure of the

observatory would terminate the five years’ worthetectrical observations made

20 Herschel to Birt, 13 June 1842, RS:HS 19.96.
21 Jankovic (1998), esp. pp. 34-39.
22 Herschel to Birt, 1 August 1849, RS:HS19.138.
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there so far and that the work might thereforedsenbthing if the observations were
not continued and discussed ‘with the view of afieny the deduction of laws’.
Birt offered his services in continuing the elewfi observations and photographic
registrations as well as work on the reductiontd électrical results, ‘under the
superintendence of Mr. Ronaldif.’?®> Herschel agreed with Birt's rationale for
keeping Kew Observatory going. He recommendedabire that in addition to

continuing the observations there, ‘those alreachumulated should be discussed

with scientific precision’ (Herschel's emphasis)dathat Birt's ‘liberal offer’ of

undertaking the work should be accepted. He acledged that the financial

situation was difficult for the BAAS, but that ‘th&ssociation ought not, except on
very urgent grounds, to throw up the observatoiy’is a sign of the authority that
Herschel commanded that the conclusion of hisrlétteSabine reads almost like a
military order: ‘Should it not be in my power totextd at the Council ... you will

oblige me by communicating this statement of mywgie.. and by reading the letter
enclosed?*

Sabine, however, was less sure about taking an Bior one thing, Sabine
claimed that astronomy was Birt's real passion, Imuwore than meteorologdy.
Moreover, at some point between 24 May and 17 1848, it became clear that Birt
would require a salary of £100 per annum, thusiyiéin even greater strain on the
observatory’s tiny budgéf. Ronalds hoped that Birt might take the placehaf t
existing assistant, John Galloway, because Ronakiged a ‘properly qualified’
observer, who in addition to routine reading of thetruments could do the more
complex work that now needed to be done, such discieg the result$. But the
proposed salary for Birt was nearly twice the £adfd@nnually to Galloway. Little
is known of Birt's personal lifé® but he was clearly of a different class and career
background from the ex-Artillery Sergeant Gallowayhe latter was expected to
clean and maintain the building, so if he wereaeetl by Birt, someone else would
have to be employed ‘to perform the menial dutitshe house®® Sabine, not

23 Birt to Herschel, 24 May 1848 (copy), RS:Sa.164.

24 Herschel to Sabine, 1 June 1848, RS:Sa.656.

25 Sabine to Herschel, 3 July 1848, RS:HS15.224.

26 Sabine to Herschel, 17 June 1848, RS:HS15.222.

27 Ronalds to Sabine, 30 June 1848, RS:Sa.1087.

28 For short biographies of Birt, see: Hutchins (20@hon. (1882a); Anon. (1882b).
29 Sabine to Herschel, 3 July 1848, RS:HS15.224.
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surprisingly, preferred the existing arrangemerd ervant’ living on the premises
and doing some basic observing as well as ‘work wfenial nature®

The committee that had been reconvened in ApABl8et at Kew on 5 July
and reported to the BAAS Council meeting two dagerl The 5 July meeting was
held in response to a lengthy report sent by Raenadparently at Sabine’s request,
on what had been achieved at Kew Observatory si8dé and his views on its
future, assuming that the committee and Councikddb continue it. Ronalds
emphasised the differences in the work at Kew ftbhat at Greenwich: in particular,
the ‘unique’ observations of atmospheric electyiciivhich took a much wider
variety of measurements than the Greenwich progmnmand Kew’s far superior
self-recording magnetic and meteorological instmtse If the observatory could
not be kept running as it was (albeit with a betpealified observer than Galloway),
Ronalds asked that it at least be kept on as atdepmstruments. Failing this, he
suggested, the Association could give up the gldintirely, ‘recommending that it
may be supported on a sufficient Basis for usiragia Proving House &c ..., by Her
Majesty’s Government! By ‘Proving House’' Ronalds meant a place forimgst
and comparing meteorological instruments, sometbuggested in the original 1842
prospectus. We do not have the committee’s rep@ttime, but the minutes of the
Council meeting on 7 July suggest that the Courtobk up Ronalds’
recommendation for government support, for the catemwas now asked to draw
up a memorandum to the Treasury, asking ‘that meagkt be taken to preserve to
the nation the benefit of the establishment of @leservatory at Kew'. The
memorandum was to state that the observatory’simgneosts, though not large,
were beyond the means of the BAAS and that the insm&alue of the work at Kew
meant that there was a duty to maintafif it.

The idea that Kew Observatory should be a cengg@lernment-supported
‘proving house’ may not originally have been RosaldIn late June Sabine had
very strongly hinted at this to Herschel with hisw that Kew could be turned into a
‘head quarter establishment’ for instrument triatel comparisons as well as for

magnetism and meteorolody.Herschel dismissed this idea at the 5 July cotemit

30 Birt to Sabine, 4 July 1848, RS:Sa.168.

31 Ronalds to Sabine, 30 June 1848, RS:Sa.1087.
32BAAS:CM, 7 July 1848.

33 Sabine to Herschel, 23 June 1848, RS:HS15.223.
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meeting, but two weeks afterwards he confesseaing that he may have been too
‘hasty’, now that the proposal to apply to governinkad been taken up by the
Council. He now asked Sabine to draw up a drathefproposed memoranduifh.
In his reply, Sabine wrote of the need for a gowe¥nt ‘establishment’ for
coordinating and reducing observations, due tdkelliincrease in the volume of
meteorological and other observations coming imfrihe outposts of the British

Empire®® Herschel's response began abruptly:-

| cannot give my support to an application to Gouvtake on itself the support of the
Kew Observatory because | am not sufficiently inggeel with the scientific

necessity of such an establishment unconnected twéhpeculiar objects which

made it desirable for the British Association asirtiprivate property.

Herschel declined to attend any meeting for theppse of drawing up a
memorandum to the governméht.John Cawood has claimed that by the 1840s,
Herschel had become exasperated with what he s&alase’s obsession with data
gathering, which conflicted with Herschel’s theayven approach to all scientific
enquiry®’ In Sabine’s plan for a centre for coordinatigservations, he might
have seen another example of this.

Herschel's views were reflected in the next repdrivhat had now become
known as the ‘Kew Observatory Committee’. This waesented to the BAAS
Council in August 1848, at the start of that ye&AS annual meeting in Swansea.
The report — which was signed by Herschel — claithedl the Association could not
continue the observatory even for another yearn®wiurrent restricted budget, and
that to pursue ‘some of the most important objegksch have all along been
contemplated in its occupation’ — including thenstardisation work outlined in the
1842 prospectus — would be quite beyond the mefteAssociation. The report
noted the possibility that the government wouldurezjsome such central institution
in the future, but concluded that the committee sawption but to discontinue Kew
as soon as possible and seek ‘the most fitting nobgeocedure for resigning it into

the hands of Governmertf. The decision to discontinue the observatory wag d

34 Herschel to Sabine, 21 July 1848, TNA:BJ 3/26.

3 Sabine to Herschel, 25 July 1848, TxU: 32.20-28%RB.6).

3% Herschel to Sabine, 31 July 1848, RS:Sa.657.

37 Cawood (1979), pp. 514-515.

3% Report of the Kew Observatory Committee, in BAABL® August 1848.
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approved a week later at the Annual Meeting, wienGouncil was authorised to
start closing it down. Birt was awarded a onegytint of £50 for the reduction of
the Kew electrical observations, but the obseryaoannual grant was reduced to
just £100, presumably for the purpose of windingdpitvn3°

By January 1849 Galloway had been dismissed, praily in anticipation
of closing the observatory, but the Council madenmave at this or any other
meeting to hand the building back to the governménstead, the Council resolved
to continue the observatory ‘in its present statefil the next annual meeting in
September, when the question of its continuanceldvagain come under the
scrutiny of the wider British Associatidf. In the event, the 1849 annual meeting
voted to continue Kew for another year, substdgtiakreasing the grant to £250,
though on the strict understanding that its comtifmin beyond the 1850 Annual
Meeting was not guarantetl.A letter from Lord Northampton reveals that tloges
was passed with the intention of handing the oladery over to the government ‘in
a year or two*? so this was less of a change in policy from 184&ntat first
appears. The decision to abandon Kew was notwwed in 1849: it was merely
deferred. It is possible that the Council membeisspite the decision at the
previous annual meeting, did n@ant to part with the observatory that had done,
and was doing, so much good work and had greatiiechdo the prestige of the
Association. In addition, the government’s awandthe spring of 1849, of £250 to
Francis Ronalds for his improvements to self-regisj magnetic and
meteorological instruments (described in Sectigf) &ust have further raised the
observatory’s prestige and made it more difficalptt the case for closing it down.
However, the documentary evidence suggests thatstHerschel who took the final
decision to defer: the reason given for continuhmg observatory, and increasing the
grant, was that Herschel believed the Kew eledtobservations to be ‘peculiarly
valuable, and likely to produce important resufts’.

In October 1849, the Council agreed to appointt Bar carry out the

observational work at Kew, at a salary of £100gretum. Again, Herschel seems to

3% Resolutions passed by BAAS General Committee, WI§ust 1848, in BAAS:CM, 12
January 1849.

40BAAS:CM, 12 January 1849.

41 Resolutions passed by BAAS General Committee mhiBgham on 19 September 1849,
in BAAS:CM, 25 October 1849.

42 Northampton to Herschel, 18 September 1849, RS.R%!.

43 BAAS:CM, 25 October 1849.
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have been instrumental in the decision to take dim His letter to Sabine one
month before the 1849 Annual Meeting again haddhe almost of a command: ‘I
should be very glad that anything should turn upvby Mr. B’s ... zeal for meteorl.
obsn & reduction could be made available to ScienEeontinuance ... of the Kew
Electrical observations would no doubt be a dekirabject, ..** Birt started work
at Kew on 2 November. Yet almost from the starhisfemployment Birt seems to
have taken on more than he had bargained for. eSime dismissal of Galloway,
there had been nobody to do the basic readingseometeorological instruments as
well as the electrical observations. As explaimedChapter 2 (Section 2.6), this
made for a laborious routine, requiring observaitmbe made at regular intervals
from early morning until late evening. This nowl f® Birt, much to his chagrin.
As early as 15 November he was complaining thdtdtebeen led to believe ‘that it
was not at all contemplated to carry on a regutaies of observations here but to
attend more particularly to such objects as the\jk@éommittee ... from time to time
might determine on’. From the start Birt also bked with Ronalds, who, Birt
claimed in the same letter, behaved in an ‘ungeattdy’ manner towards hiff?.
This may have been partly a conflict of persoreditibut in addition Birt did not
seem to recognise Ronalds’ authority as superiet@nét Kew — something
evidenced by Birt’'s correspondence, which descriigsclashes with Ronalds in
minute and sometimes remarkably petty detail. és@mple, Birt wrote that he was
not allowed to alter the positions of any meteagalal instruments in the
observatory, despite none of them — according to-Bbeing suitably positione.
By late December, Birt was feeling that he had bemployed at Kew as a servant,
‘in precisely the same capacity as Mr GallowayheTway he was treated seems to
have caused him to have a nervous breakdown ahdvB& unable to continue with
the electrical observatioris.

The situation at Kew at the end of 1849 was madesevby Sabine being
taken seriously ill in November of that year, pbsswith some kind of fever, which
made it necessary for all communications with Saliingo via his wife. The Kew

Observatory Committee did not meet until 22 Mardbd, when Sabine had

44 Herschel to Sabine, 16 August 1849, TNA:BJ 3/84 (i

45 Birt to Professor [John?] Phillips, 15 Novembe#98RS:Sa.169.

46 Birt to Herschel, 15 January 1850, RS:HS4.137.

47 Eliza Birt (Birt's daughter) to Elisabeth SabinBapine’s wife), 28 December 1849,
RS:Sa.158; Ronalds to Sabine, 22 March 1850, RE)SA.
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recovered sufficiently. The Committee directedttBat was to make electrical
observations three times a day for five days perkweogether with meteorological
observations at the same tiifeThings did not improve for Birt, however, and ®n
June he wrote to Sabine to say that he would netilieg to work at Kew after the

end of his first year there, ‘under present arramgr@s’#® To Birt's horror, Sabine

accepted this letter as Birt’s resignation with iethate effect from 5 June. In
desperation, he wrote to his old mentor John Heiscthat Sabine had

misinterpreted his letter. Herschel replied thatvias ‘exceedingly sorry’ about
what had happened, but, true to form, did not wistbecome further involved.

Shortly afterwards, Birt wrote that he had beensedl an interview with Sabine and
now acknowledged that his resignation was fiflaHe found little sympathy with

other leading BAAS figures, due at least in parRmnalds having friends in high
places: in September John Phillips reflected thltBirt rues as we say in Yorkshire
of his unnecessary haste, but too late’; lateri@tth he looked forward to going to
Kew to ‘see my friend Ronalds agai'.

Birt's disastrous time at Kew might well have steed from a notion he
might have had that routine observing would becasgary aspect of his work and
that he would be able to devote most of his timehat observatory to research
projects, such as his beloved atmospheric wavas.stBongly suggested this in his
letter to John Herschel: ‘the Association had esteéd to me the investigation and
discussion of two very important subjects [analysfsatmospheric waves and
electricity] in which as you are well aware | haveen successfut?2 Not long after
arriving at Kew, he had written to Herschel thatwees thinking of applying to the
Royal Society for a grant of £50 to support hisegsh on atmospheric wav&sBut
perhaps the main reason why Birt was so unhappieat was that he had hitherto
done all his scientific work in his own time andexcept for occasional payments

from Herschel and the BAAS — his own money. He tiad been free to pursue his

48 Minutes of Kew Observatory Committee, 22 and 25d#al850, in BAAS:CM, 9 April
1850.

49 Birt to Sabine, 5 June 1850, RS:Sa.179.

%0 Birt to Herschel, 14 June 1850, TxU: 29.20 (M01Q3grschel to Birt, 16 June 1850,
TxU: 24.6 (L0100)); Birt to Herschel, 19 June 18%8{J: 29.20 (M0104). Jankovic (1998),
pp. 37-38, briefly describes Birt’s time at Kew.

1 Phillips to [Forbes] Royle, 11 September 1850, J2295; Phillips to Royle, 25
September 1850, RS:Sa.996.

52 Birt to Herschel, 14 June 1850, TxU: 29.20 (M0103)

53 Birt to Herschel, 21 December 1849, RS:HS4.135.
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own interests and choose a pattern of work thaedghim. But as a professional
meteorologist, working at an observatory and repgrto a superintendent, Birt no
longer had this freedom. His frustration in thegard is very apparent in his letter to
Phillips on 15 November 1849, in which he compldirebout having to do ‘a
regular series of observations’ rather than onegpaidfects>* Birt had been taken on
at Kew at the urging of John Herschel, who admBetls research methods because
they appealed to Herschel’'s theory-driven approaBht Herschel's approach was
not what was required at Kew. Sabine requiredyallsubordinate in his ranks, who
would dutifully take the data that Sabine want&at was not such a person.

Sabine and the Kew Committee would have had feleeibts about Birt's
successor. John Welsh was born into a middle-¢tasgy in south-west Scotland
and educated at Edinburgh University, in part und@mes Forbes, one of the
instigators of the Royal Society’s original 184@eatpt to establish a magnetic and
meteorological observatory (see Chaptet°2lJnlike Birt, he was used to working
as part of a team in a highly disciplined environmand he also had much
experience of the type of observational work be&loge at Kew. Since 1842 he had
worked at the magnetic and meteorological obseryabMakerstoun, Scotland, run
by Sir Thomas Brisbane, a former soldier and goweaf the penal colony of New
South Wales, where he had founded the Paramattar@ibsry. Brisbane was a
patriarchal figure who ran observatories rathee like colony® According to an
anonymously-written obituary, Welsh’s appointmeniew owed much to the then
Chairman of the Kew Committee, William Henry Sykés,whom he had been
recommended by Brisbane and John Allan Broun, W&elshmediate superior at
Makerstour?,! Sykes had spent most of his working life with tBast India
Company: like Brisbane and Sabine, he was an affiroeowho had had scientific
roles, in Sykes’s case compiling statistics onigniindia. The obituary’s claim is
believable: Brisbane’s recommendation would havenbeeceived sympathetically
by his fellow soldiers, Sabine and Sykes. In addjtthe timing of Welsh’'s
availability was convenient, for in 1850 the magmetnd meteorological work at

Makerstoun was closed down and Welsh made redundam® July 1850, less than

% Birt to Professor [John?] Phillips, 15 Novembed98RS:Sa.169.
%5 Hartog and McConnell (2008).

%6 Schaffer (2010) esp. pp. 120-125; Sweetman anddvicéll (2004).
57 Anon. (1859), p. Xxxiv.
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a month after Sabine took Birt's expression of alis§action as his resignation from
his post, the Kew Committee decided to employ Watskew>®

Aged just 25 at the time of his appointment, Welsmediately settled into
his new job. By late 1850 he had commenced ass@fiedaily experiments on
atmospheric electricity — work of the sort that lsadtroubled Birt. Subsequent Kew
Committee reports are almost gushing in their praisWelsh, as in: ‘The zeal and
intelligence with which Mr. Welsh has continuedetcecute his duties has given the
Committee unmixed satisfactiof?. Ronalds remained as honorary superintendent at
Kew, though he resigned in late 1852, after whicklsN took over the running of
the observatory. Neither the BAAS Council minutes the minutes of the Kew
Committee contain any record of Ronalds’ resigmato his reasons for leaving,
though it may well be connected with the death i3f imother (Ronalds never
married) and his acceptance of a Civil List pensiohonour of his scientific worf
Also, in his autobiographical letter Ronalds claim® have been ‘annoyed &
oppressed at Kew’ by 1852, perhaps because by #sme shall see below, the
emphasis and extent of the work at Kew was veffgdint to that when Ronalds had
arrived in 1842

Although the observatory’s long-term future was oy means secure, in
October 1849 the committee originally appointedlL846 now effectively became
permanent. The committee’s brief was now ‘visitiagd exercising a general
superintendence’ over the activities at K8wKnown in the Council Minutes since
August 1848 as the ‘Kew Observatory Committee’,May 1850 its name was
shortened to ‘Kew Committee’, by which title it w&sown for the rest of the
BAAS's tenure of the observatory — and also after Royal Society took it over in
1871. Welsh was appointed as the ‘Observer at K&wtitle reminiscent of that of
‘King’s Observer used to describe the directortbé observatory when it was

George llI's private establishment. Such languatke the phrase ‘Kew

%8 KCM, 5 July 1850.

59 BAAS:CM, 29 November 1852.

0 In August 1852 he expressed great anxiety to wipdhis financial transactions in
connection with Kew and ‘great need of relief fromatters of this kind’ due to illness and
family matters. Ronalds to Sabine, 9 August 1882:Sa.1093.

®1 Ronalds Autobiography Letter, 21 February 1860ivehsity College London Archives,

GB 0103 MS ADD 206. Courtesy Beverly Ronalds.

62 BAAS:CM, 25 October 1849.

63 BAAS:CM, 31 July 1850.
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Committee’, is indicative of the observatory’s ieasing prestige within the BAAS.
More and more it was being thought of as a permamestitution, even though
funding was not guaranteed beyond the 1850 Annuektig. In fact, the
documentary evidence suggests that from mid-1850ands, Kew Observatory
started to assume some of the characteristicdhokeess. From June 1850, formal
minutes were kept of Kew Committee meetings. Bigudn 27 August, Ronalds and
Welsh kept a diary of all activities at Kew, incing visitors and administrative
changes. The diary was maintained until 31 Octdi®&15%* On 5 July the Kew
Committee decided that the observatory’s compleroéstaff ‘should consist of an
Observer and a Mechanic’; at the same meeting, IB®n@&ported that he had
engaged Mr [R B] Nicklin, whom he described as hotographic mechanié®
Thus from mid-1850, Kew had a scientifically-quigd ‘Observer’ (Welsh), with
Nicklin assisting him with the mechanical work.

It is possible that this new business-like natafeKew Observatory was
connected with John Herschel's appointment, in Ddmy 1850, to the post of
Master of the Royal Mint® The position left Herschel with little time focientific
pursuits and from then on his direct involvementhvwew Observatory ceased. As
we have seen, the authority commanded by Hersateldd to the appointment of
Birt, against the wishes of Sabine. Now, with bt no longer playing a leading
role, Sabine had a free hand to appoint loyal slibates and direct his own
programme of work at Kew. However, a more immediaason is likely to have
been the appointment of John Peter Gassiot to gve ®ommittee in October 1849.
A Fellow of the Royal Society since 1840, Gassiaswespected as a chemist and
became renowned for his spectacular electrical rexpats at his London home.
Most importantly for the subsequent history of K&@bservatory, Gassiot was a
businessman through and through, who had madeftii;meé as an importer of port
wine. The new regime at Kew, with its division labour into ‘Observer’ and
‘Mechanic’, directed by a permanent committee thept regular minutes of its
meetings, shared several characteristics with tbbsebusiness concern. Gassiot’s

future correspondence would emphasise this chahgsgome, as would his role in

64 KCM, 16 September 1850; ‘Kew Diary’, 27 August 085 31 October 1851, hereafter
cited as ‘KD'.

85 KCM, 5 July 1850.

66 Buttmann (1974), p. 178.
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the introduction of instrument standardisation awK(see Section 3.3). The new
pattern of work also fitted in perfectly with Sabis wish for disciplined observers.
Such a business-like way of working may also beason why Ronalds, a self-
funded inventor and gentleman scientist, becamaowed & oppressed’ and left
Kew in 1852.

At the 1850 annual meeting of the BAAS, Welsh'sasawas still only
guaranteed for the following year. At the same tmge the BAAS General
Committee asked the Council to contact the Royaliedp — and, if need be, the
government — as to ‘the possibility of relieving tAssociation from the expense of
maintaining the establishment at Ket{’.But this was to be the last grumble about
the cost of maintaining Kew to appear in the BAA&uGCil Minutes for some years,
for by the time of the 1850 annual meeting, theeokstory’'s finances were
improving. At this meeting, the BAAS annual gréamtKew was increased to £300;
according to Ronalds, this was again due mostlyriecorded behind-the-scenes
actions by John Gassitt.

That there was any difficulty at all about thergrenay have been due to an
older enemy, George Airy, who at this meeting bezd@AAS President for the
1850-1851 session. Just days after taking offieewnote to Kew Committee
chairman William Sykes, expressing his view tha& tfbservations now in progress
at Kew with self-recording instruments (see Sect®d) should be terminated,
because Airy believed that the original purpos&eWw was the testing of newly-
invented instruments, not continuous observatioAsty also remarked that Kew
would not obtain any government support for suaftticoous observatiorf8. As in
1840, Airy seems to have been concerned that Kew duglicating the regular
magnetic and meteorological observations that veéneady receiving government
support at Greenwich. In his reply, sent with #pproval of the Kew Committee,
Sykes assured Airy that the observatory’s primarmppse, that of experiment, was
always kept in view and that such long-term obd@éa as were in progress were
all for specific purposes, in that the barometemsagnetometers and other

instruments all required long periods of observatidesting to be verifie®. Airy

67 BAAS:CM, 29 November 1850.
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seems to have made no further move against Kethéarest of his presidency of the
BAAS. We do not know whether he really believedk&y/s response that the data-
gathering at Kew was secondary to its main purpgds@strument testing, but he

must have realised that there was no moving the €emmittee.

The 1850 grant increase shortly followed anothen tof events which,
together with the enhanced BAAS money, would ‘rengmor Kew” rich’, as
Ronalds put it in a letter to Sabiffe.In late 1849 there came the announcement that
the Whig government of Lord John Russell intendegrovide an annual grant of
£1,000 to the Royal Society for scientific purposdé®oy MacLeod has noted that
although there was no guarantee that the new Gt Grant would be
permanent — indeed, it was nearly terminated whana Palmerston became Prime
Minister in 1855 — from the beginning the Royal &tc worked on the principle
that it would last indefinitely?> As noted in Chapter 1 (Section 1.2), active masibe
of the Royal Society Council often played prominesies in the BAAS as well.
Therefore it was not long before some leading BAW8res saw the potential of the
Government Grant for supporting Kew ObservatorgbiBe became secretary of the
Royal Society’s new Government Grant Committee levMurchison, an enthusiast
for Kew Observatory ever since 1842 and ever keeseek influence with the
aristocracy and governmefitbecame its chairman. Murchison, in particulars wa
ecstatic about the prospect of government monegd@ntific research, dubbing it
in March 1850 ‘the California of the Governmentuband™ — a reference to the
California Gold Rush of the previous year.

Soon after the Government Grant was publicly anned, Murchison,
wanting to keep the observatory running ‘coute Iquoiute’, suggested to Herschel
that now that this new source of government monay available, the Royal Society
might take responsibility for Kew Observatory ietBAAS had to give it up. Also,
he agreed with Sabine ‘that a good national PhlSiglaservatory should be
sustained at Kew”> Once again, Sabine was advocating a state-sgopoetional

physical observatory but once again, Herschel egfus give his backing. Herschel

I Ronalds to Sabine, 23 August 1850, RS:Sa.1092.
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believed that for the Royal Society to commit itsiel the maintenance of any
observatory or to spending any portion of a grantan indefinite period of years
‘should most earnestly deprecate the RS’. This e contradict Herschel’s earlier
advocacy of state-funded physical observatories,hto had always believed that
these should be run directly by the government moidscientific societies. For
Herschel, the permanent maintenance of observatarid laboratories was not the
Royal Society’s mission. Herschel was no less w@idistic than Murchison about
the new grant, which he saw ‘as a Godsend to Brifisience”® But Herschel

believed that it should be used, firstly, to asd&ivate individual _Experimental

Research’ (Herschel's emphasis); secondly, for yamal and reduction of
observations already made; and also for occasiamalefined, special scientific
projects of fixed duratioh” Herschel therefore saw the grant very much as an
extension of the existing culture in which scientiesearch was funded primarily by
private individuals of independent means.

Murchison, when he presented the report of the e@Gowuent Grant
Committee to the Royal Society Council, deferredHerschel’s views on how the
grant should be distribut€f,and so once again Herschel punctured the ideaewof K
Observatory being funded by the state. Howevanagor success for Kew came
with the announcement of the very first round ofaedg out of the Government
Grant: £100 was awarded to Sabine for new instrisnanKew Observatory. The
news may not have been a great surprise, giventligacommittee making the
awards had two of the observatory’s loudest adescas its chairman and secretary,
while a third advocate, Wheatstone, was on thecsmbmittee recommending the
award. The money was spent on a new vertical foragnetograph — which helped
put the Kew magnetic observations on a well-fungeedmanent footing (see Section
3.4 below) — as well as modifications to a Dansijyrometer, and also a ‘standard
thermometer’ with which other thermometers could dmmpared (discussed in
Section 3.3)2 Although no proposal was ever put forward in ¢hgsars for the

Royal Society to maintain Kew Observatory out ad thovernment Grant, the Kew

6 Herschel to Murchison, 15 February 1850, TxU: 2q110269).

" Herschel to Murchison, 15 February 1850, TxU: 26(10269). These views are
remarkably similar to the recommendations preseintéioe Government Grant Committee’s
report of 7 March 1850, suggesting that Herschet have had a major influence on them.
See Hall (1984), pp. 147-148.

8 Murchison to Herschel, 2 March 1850, RS:MM 16.128.

9 BAAS:CM, 29 November 1850.
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Committee continued to be successful in attracturgstantial grant income from the
Royal Society. Out of the 1851 Government GradbEwas awarded for the
construction and verification of standard meteagwlal instruments at Kew, as well
as the purchase of an apparatus for graduatingntmeeter tubes. An additional
award of £175 was made to George Gabriel Stokesadian Professor of
Mathematics at Cambridge, for experiments to beezhrout at Kew to determine
the indices of friction of various gas®s.

That members of the Kew Committee so quickly, andcessfully, applied
for money from the Government Grant also raisespibssibility that they might
have been anticipating some announcement like thig interesting that despite a
very firm statement in August 1848 that the BAASu@al would close the
observatory and give the building back to the goremnt, in fact it never quite got
round to doing so: as we have seen, in January t@&l@ouncil deferred the issue
until that year's annual meeting, when the obseryatvas reprieved for another
year until 1850. The origins of the Governmentriee somewhat obscure, Prime
Minister Lord Russell’s initial letter to Lord Rassallegedly dated 24 October 1849,
having long since disappear®d.lt is known, however, that John Herschel was a
friend of Lord Russell, which leaves open the dabsi that the grant may have
been the result of unrecorded, informal talks betwinese two. The possibility that
Herschel might have been anticipating the annoueoéwr the grant is strengthened
by the fact that he was chairman of the Kew Conemiih 1849 when it agreed to
defer closing the observatory. More particuladg, noted above, the resolution at
the 1849 BAAS annual meeting, to keep Kew Obseryatonning and to increase
its annual grant from the BAAS, was cited as bemgesponse to John Herschel’s
favourable opinion of the ongoing electrical obsd¢ions at Kew. This resolution is
dated 19 September 1849 — barely more than a miogfibre the date of Lord
Russell's alleged letter and less than two mongisrb the earliest recorded minutes
of the Royal Society’s Government Grant Commitfee.

Despite the presence of Sabine and Murchison enGbvernment Grant
Committee, Kew had to compete with a substantrad, growing, body of applicants

from other sciences. Not all of the money awaribieew from the Royal Society

80BAAS:CM, 2 July 1851.
81 MacLeod (1971a), p. 325.
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was out of the Government Grant — for example, 8861 awarded in 1852 for
meteorological balloon ascents (described in Sec8@l) was from the Society’s
Wollaston Donation Fund — an older, private sowfcinding®® In an environment
in which government support for science remainey linited — in addition to the
BAAS grant to Kew remaining very modest — the Kean@nittee had to look for
other sources of income. It was in this contexst,tlin the early 1850s, the Kew
Committee began pursuing an enterprise that woalth e self-financing and
would bring the observatory to the notice of aviéder circle than hitherto: that of

instrument standardisation.

3.3 The origins of standardisation at Kew Observatry

Apart from one very brief descriptidfithere has been no discussion as to how and
why instrument standardisation began at Kew ingady 1850s. In this section |
will show that the standardisation work partly owtss origins to two influential
members of the Kew Committee — Gassiot and Sabiseeing an opportunity that
this work presented to earn some extra incomethieaKew Committee wanted to
keep the observatory running. It was also drivgnabperceived need in British
government and scientific circles for standardiseeteorological instruments to
serve the requirements of the Royal Navy and metchearine. Yet it will also
become clear in this section that the standardisatiork at Kew itself became an
essential service that would be sought after byrungent makers and government
departments — including foreign governments. Tbhostandardisation alone, Kew
would enormously increase its prestige by the dridep1850s.

The origins and early development of standardisatit Kew Observatory
need to be seen in the context of an ongoing mygwbdgovernment to redefine the
national standards of weight and measurement inydaes after the Napoleonic
Wars, for commercial and legal as well as scienffurposes. Government and
business alike wanted reliable standards of leagth weight to maintain Britain’s
pre-eminent position in global trade and also thuce the widespread fraud that was

allegedly encouraged by long-standing regional atems in British weights and

83 BAAS:CM, 29 November 1852.
8 Barrell (1969), pp. 171-174.
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measure§® In 1824 an Imperial Weights and Measures Actfirally established a
system of standards of length and weight, enshrindaw, after centuries of failed
legislation. This ‘Imperial’ system of weights anebasures was based on a standard
yard and pound kept in the Houses of Parliamehesé& standards were destroyed in
the October 1834 fire that burned down both theligmaent buildings. Re-
establishing the standards proved to be a longegsoc The job of redefining the
length standard was first taken on by Francis Bailgen Baily died in 1844, the
work was completed by Richard Sheepshanks, Ailgtgyistanding friend (who in
1840 had tipped him off about Sabine’s plans foroaservatory independent of
Greenwich — see Chapter 2, Section 2.3). Sheekskgpainstaking measurements,
only completed in 1854, had to be done in a tempe¥acontrolled environment;
they were carried out in the basement of Somerseisél in London (then the
headquarters of both the Royal Society and the Rastnonomical Society) and to
monitor the temperature Sheepshanks made his @ndatd thermometers.

By the early 1850s, demand for standard thermame(and other
meteorological instruments) was also coming fromepotsources. In 1851 army
officer William Reid, who had long been interesbedhe causes of tropical storffs,
established a network of meteorological observarknd outposts across the British
Empire, the observations to be made by soldiethenRoyal Engineers. Then, in
1853, United States Naval Observatory superintentiéatthew Fontaine Maury
convened an ‘International Meteorological Confeenin Brussels. Maury had
become renowned for his accurate system of oceathesecharts and wanted to
extend this to all oceans around the globe. For tilh become a reality, it was
necessary to institute an internationally-agreedtesy for recording weather
observations aboard ships. Such a system was dagrpen at the Brussels
conference, held in August and early September EBwas signed up to by ten
nations, including Britain. To issue naval and chant shipping with standard
meteorological instruments, as well as to adminigte collation of the weather data
obtained, the British government set up a new deyant, known initially as the
Meteorological Department of the Board of Trade ahén, after 1867, the
Meteorological Officé’

8 Schaffer (1997), pp. 440 and 443; Crease (201109.
8 Fleming (1990), p. 37.
87 Burton (1986); Burton (1988), pp. 24-27; Walked12), pp. 20-22.
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As noted in Chapter 2 (Section 2.5), and as acletyed by Barrell, one of
the objectives listed in the BAAS’s 1842 prospedctas ‘a station to which persons
. may bring their instruments for the purpose omparison with the standard
instruments there depositét That the BAAS did not implement the standardisati
part of its Kew prospectus immediately in 1842 nhaye been due partly to the
observatory’s very restricted budget for most @& 840s, in addition to Sabine’s
first priority being to establish Kew as an indegemnt magnetic and meteorological
observatory.

The introduction of instrument standardisatiorKatv was part of the new
business-like regime implemented on the observdigri@assiot and Sabine after the
arrival of John Welsh in August 1850 (describedSection 3.2). The following
month, Welsh began experiments to compare hygrometade by John Frederic
Daniell and the well-known French chemist and unsient maker Henri Victor
Regnaul® By 1850 Regnault was well-known for his work dme tphysical
properties of the steam engine and he was alsadetlan the field of precision
measurement, who had greatly improved the accurhtlyermometers. One of his
hallmarks was his careful elimination of errors idgrthe measurement process
itself, rather than simply correcting them aftersl@ar He was highly respected by
men of science across Europe, including James ahd the youthful William
Thomsor?® In November, the Kew Committee used the first &o$@ociety
Government Grant to purchase from Regnault, ‘adstah thermometer ... every
degree of which shall have been examined and bkajjuaranteed by M. Regnault
himself’, in order to verify or correct thermometemade by British instrument
makers?? By early 1851, it was clear that the Kew Comnaitteambitions went
further: in addition to verifying thermometers, tBemmittee now also proposed to
use the Regnault thermometer as a standard forngpakiermometers, using a
graduation apparatus by French engineer and invémois-Guillaume Perreaux.
The machine was initially paid for by Gassiot, amtived at Kew in February
1851%2 The BAAS Council minutes claimed that it was amea via Gassiot's

actions, ‘in anticipation’ of money being receivéwm the 1851 Government

8 Quoted in Scott (1885), p. 51.

8 Gassiot to Sykes, 19 September 1850, RS:Sa.591.
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Grant® In July, Regnault himself visited Kew and adviseath on the use of the
Perreaux dividing engine and on his method of calibg, graduating and testing
thermometers. On Regnault's suggestion, the Kewr@itiee invited Perreaux to
Kew to iron out some technical problems with thechiae; Perreaux visited Kew in
October 185%%

It is clear that Sabine also took a leading pathis initiative. Just days after
the Perreaux machine had been put into operati@ahin® ‘suggested the
desireability fic] of dividing thermometers at once with Fahrenhdigrees instead
of an arbitrary scal€®® Further evidence of Sabine’s leading role cafobed in his
friendly correspondence with John Welsh, who rapidbok charge of the
verification programme at Kew: as early as Aprib18he Kew Committee claimed
him to be a ‘master’ in the use of the graduaticachine’® Sabine came to treat
Welsh as a personal friend, as is evidenced bletiex offering him ‘a card for Lord
Rosse’s Soiréed”. Welsh duly complied with Sabine’s call for FaHreit-scale
thermometers: a letter to Sabine dated Decembel Hfeloses a step-by-step
account of a process he invented for graduatinghermtometer in degrees
Fahrenheif® In January 1852 the Kew Committee reported thatthermometers
made by Welsh, when compared with each other atidthe Regnault standard, had
been found to be ‘highly satisfactory’ by the Roydciety’s Government Grant
Committee and that ‘standard instruments bearing thark of having been
constructed and verified at the Kew Observatoryl baen supplied to the imperial
observatory at the Cape of Good Hope. Furthemntbereters had been ordered by
the Hobarton observatory (part of the Magnetic @dg3 and by James Forbes for
his experiments on he#t.

% BAAS:CM, 11 April 1851.

%KD, 29 July 1851; 20 October 1851.

%KD, 22 March 1851.

% BAAS:CM, 11 April 1851.

% Sabine to Welsh, 5 April 1852, TNA:BJ 1/11. LdRdsse was then the President of the
Royal Society and a traditional duty of that offigas to host soirées for Fellows after Royal
Society meetings.

% Welsh to Sabine, 17 December 1851, TNA:BJ 3/32(38-

% BAAS:CM, 31 January 1852.
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Figure 3.2 An early Kew standard mercury thermometer, imsati‘Kew Observatory /
September 1851'. Science Museum Object No. 198 {iBotograph by Lee Macdonald.

Sabine’s fellow scientific servicemen also playad important role in
instrument standardisation. In January 1852 the Kemmittee reported that John
Welsh had begun some ‘very laborious verificationsf twenty sets of
meteorological instruments to be used by the EmbalCompany for meteorological
observations in Indi#® Until 1858, the East India Company managed Briai
imperial possessions in India, including the militaegiments. The demand for
instruments is likely to have been in response ttiaM Reid's 1851 initiative,
calling on the military to start a programme of ewblogical observations across
the British Empire. This possibility is much stgtimened by the fact that Reid
briefly served on the Kew Committee and BAAS Couircthe early 18508t But
the person most likely to have put this thermomigtigéiative into effect was the Kew
Committee Chairman, William Sykes, who was now eeator of the East India
Company, based at East India House in London. VEniécation of large numbers
of thermometers soon became an ongoing practica. 5 ®arch 1852 the Kew
Committee was authorised ‘to supply Standard Theraeters, on official
application, to any department of Her Majesty’'s &wownent or the East India
Company’. Many thermometers were not made at Kkey were made by London
instrument makers and then verified at Kew. Thraii®e was fully behind the mass-
production of thermometers for the East India Comypand other bodies is attested
in his letter to Welsh one day before the 5 Maraetimg: ‘It is extremely desirable
that we should meet the applications from Goverrirasrfar as we may be able to
do so0’'1%? By late September 1854, some 40 thermometersy@®meters and four
barometers for the East India Company had beeededtKew, as had several more
meteorological instruments for other institutionBy the same date a total of 94

thermometers had been made at Kew for ‘institutiand individuals®® Thus by

100 BAAS:CM, 31 January 1852.

101 KCM, 16 September 1850; BAAS:CM, 2 July 1851.
102 Sabine to Welsh, 4 March 1852. TNA:BJ1/11.

103 BAAS:CM, 20 September 1854,
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the mid-1850s, Kew had become an imperial capftedeteorological instruments, a
place that the empire relied on for the manufacamd testing of thermometers.
Alex Soojung-Kim Pang has shown how technology, monents and observation
methods developed in the mother country were nedgsshard-wired into’
astronomical instruments used at imperial obserieso and on eclipse
expeditions® In the same way, the technologies developed at Were becoming
essential to the British Empire’s meteorologicatinments.

The standardisation work at Kew soon assumed anaoial aspect. Soon
after the Kew Committee began making and testiegnlometers for the East India
Company, it also began doing regular work for goweznt departments and other
bodies in return for fees. In March 1852, the Cotteri was authorised to sell
thermometers to individual BAAS members or Fellawighe Royal Society at £1
per instrument and also to make them for ‘certdithe Philosophical Instrument
Makers'1%® Then, the 1853 International Meteorological Comfee, and the
consequent establishment of the Meteorological Remat of the Board of Trade,
had the effect of further expanding the role of K@lservatory as a standardisation
centre, as it obliged British ships to provide weatreports to an internationally-
agreed standard, using standardised instrumenysthé8end of the conference, in
early September 1853, the Kew Committee had agteegrovide Admiralty
Hydrographer Francis Beaufort with a specimen tifeamometer specially adapted
for meteorological observations at sea and Welshk s#h to work on constructing
onel® Welsh must have completed the task very quicidy,on 3 December
Beaufort was informed that samples of the Kew neatirermometer had been sent
to various London instrument makers, with requdststhe prices at which they
could supply such thermometers in bulk. Two welbwn firms, Casella and
Negretti and Zambra, were selected as having qubgetbwest prices and Beaufort
was informed that either of these companies couipply the Admiralty with
thermometers for just 5s 6d (five shillings sixpenapiece. In April 1854 Kew
entered into a similar agreement with the Boardraide to provide meteorological

instruments for merchant shippifj. By mid-1855 the observatory had tested the

104 pang (2002), p. 142.
105BAAS:CM, 5 March 1852.

106 BAAS:CM, 7 September 1853.
107 BAAS:CM, 20 September 1854,
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accuracy of more than 2,000 thermometers; of thtd@ were for the Admiralty and
480 for the Board of Trad€® These mass-production thermometers were all made
by the instrument makers and then tested at Kewth Basella and Negretti and
Zambra had been founded earlier in the nineteesntucy by Italian immigrants and
both already enjoyed a fine reputatf@f.In an 1860 advertisement, Casella proudly
listed Kew as one of the ‘Royal Observatories’ thatpplied its wares t9° In the
sense of the instruments being verified at Kew @lagery before being sent on to
the Admiralty and Board of Trade, Kew Observatogn de considered as the
customer for as well as the inventor of the matimermometers made by these
firms, anticipating a tradition of partnershipsweén maker and customer-inventor
identified by Mari Williams as beginning much laterthe nineteenth centufy*
One-half of these 2,000 thermometer verificatiavsre, in fact, for the
United States government, not the British. In Astgl853 Maury, while in Europe
for the meteorological conference, met with Sakand informed him that he was
not satisfied with the marine barometer then beisgd by the US Navy. He
obtained the agreement of the Kew Committee, vigir@ato make a better ohe.
Kew had been verifying barometers — and also hygters, for measuring
atmospheric humidity — since late 1852 for the Hadta Company® but a special
problem with making a barometer for use aboard salap the errors in the level of
the mercury in the tube caused by the motions efghip. Welsh and London
instrument maker Patrick Adie corrected the probl®nsuspending the barometer
freely on an arm attached to the wall of a shiglbie and by constricting the lower
part of the tube. Welsh and Adie’s design provedcessful in sea trials and the
barometer adopted by the Kew Committee in March41B&came known as the
‘Kew pattern’ or ‘Kew type’ barometer; Negretti ahmbra referred to it as the
‘Kew Marine’ barometet!* This model of barometer was selected to be segbti

the US Navyt’® By mid-1855 some fifty marine barometers on thisdel had been

108 BAAS:CM, 27 June 1855.
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dispatched from Kew to the United States. At thme time, Kew also sent 1,000
verified thermometers to the US Nat¥. The US Naval Observatory, of which
Maury was superintendent, was keen to catch up itgitBuropean counterparts and
had by now established a practice of touring Eurbépethe best instruments.
Already in the 1840s its astronomer James Melilis had visited some leading
European observatories and instrument makers toupgothe best astronomical
equipment for the new establishment on the othde sif the Atlantid!’ These
visits by Maury and Gillis also fitted in well witihe improving diplomatic relations
between Britain and the United States in the pdrach the conclusion of the war of
1812 (in which Sabine had served) and the starthef American Civil War in
18611 Yet instrument verifications at Kew for foreigomwgrnments did not stop
with the United States: for example, twelve bareretvere verified at Kew for the
Portuguese government in the 1855-56 petdd.

Also during 1855, Welsh completed setting up addad barometer at Kew,
with which other barometers could be compared. Kbasx Committee soon felt
confident enough to arrange with instrument maktrs make Kew-verified
barometers and thermometers available to the pablgrices of £4 4 shillings per
barometer and £2 2 shillings for a set of six trmmaters, with advertisements to be
placed in newspapers to this effét. The statistics for meteorological instruments
verified at Kew in the 1850s are remarkable: betwerd-1854 and mid-1859, the
observatory tested more than 9,000 instrument8fitish and foreign government
departments, instrument makers and private indal&li(see Table 3.1). Importantly,
this standardisation work was profitable. The meofrom verifications was such
that once they had covered the cost of the baraonaetdication apparatus, the Kew
Committee felt able to reduce the charge for vergybarometers from ten to five
shillings per instrumen! By the late 1850s, verifications were bringing th

observatory around £100 per yé&r.
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1854-55  1855-56 1856-57 1857-58 1858-59 Total

Thermometers 2520 530 1524 268 911 5753
Barometers 257 137 278 221 187 1080
Hygrometers 1269 100 751 150 92 2362
Total 4046 767 2553 639 1190 9195

Table 3.1 Total numbers of instruments tested at Kew Oladery, 1854-1859. Data from
BAAS:CM, 12 September 1855, 6 August 1856, 26 Audisd7, 22 September 1858, 14
September 1859.

These revenues made a noticeable difference tolbservatory’s annual
income, as its annual grant from the BAAS Counabkwstill only £350 for the year
ending August 185%® Thus a major — and publicly-visible — part of the
observatory’'s work was effectively self-financingMoreover, it was also an
essential government service, which made it mudidérato make any case for
closing down the observatory. This adds furthelighteto the idea that the
introduction of standardisation in 1850 was antagtang-term move by Gassiot and
Sabine. Gassiot, ever the entrepreneur, likely tewvcommercial potential of the
standardisation work and worked with Sabine toigage it — even to the extent of
paying for the dividing engine out of his own calesiable pocket. Gassiot
succeeded Sykes as Chairman of the Kew Committdayn1853 and remained in
this office for the rest of the 1858%. But perhaps even more importantly, Kew
Observatory had gained considerable public auth@# a centre for top-quality
meteorological instruments — overseas as well #swBritain. This is attested by
Casella mentioning Kew in its advertisement, initoid to the Kew Committee
being consulted by government departments. Althatignay be going too far to
claim that by the early 1850s Kew was ‘the acknolgkxrl source of thermometers
and barometers for expert observatitii’Kew was well on the way to being able to
make this claim by the end of that decade.

It may be asked why all this large-scale standatdin work went to Kew

and not to Airy’'s Greenwich, which at the time haa established programme of

123BAAS:CM, 26 August 1857.
124 KCM, 30 May 1853.
125 Anderson (2005), p. 92.
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rating chronometers for the Admiralty and so migave been a natural first choice
for further verification work, when the need cam&ome thermometers used by
volunteers in the British Meteorological Societydasome barometers destined for
ports were, indeed, verified at Greenwich underela@laishet?® but these were an
exception to the general rule, as in the 1850s gieat expansion of weather
recording initiated by the Brussels conference iadpbnly to marine meteorology,
not land stations. There are several possibleonsatr the dominance of Kew in
this field. First, it is evident that two key meenb of the Kew Committee — Sabine
and Sykes — had close connections with, respegtivieé Admiralty and the East
India Company, two major customers for the standatn work. Although an
army officer, Sabine’s connections with the Adntyatent back to the 1820s, when
he had been an original member of a Royal Societynaittee set up to advise the
Admiralty. Perhaps more important was that with ithstigation of the thermometry
programme in 1850, standardisation was establightedew independently of
government, before the demand came from the Eds& Dompany, the Admiralty
and the Board of Trade, thus leaving Airy and Gwgeh out of the loop. Indeed,
Airy was an early customer for one of the Kew themmeterst?’ In any case, Airy
may not have been interested in entering this fietfdhimself. Jim Bennett has
described how Airy, despite having a lifelong ietgrin the science of horology and
the improvement of chronometers, took objectiorstdf time at Greenwich being
taken up with routine work on chronomet&.This suggests that there were limits
as to what Airy regarded as his territory.

Yet, as we have seen, Aidid still feel that geomagnetic and meteorological
observation firmly belonged to Greenwich and nowKeBoth fields also underwent
great development and expansion between 1845 abf, I& did the general

working of Kew Observatory. This will be discussedhe following section.

3.4 Meteorology and Geomagnetism at Kew, 1845-1859
Alongside the new, high-profile work in standardisa, during the 1845-1859

period meteorological observation at Kew developadrmously from the basic

126 Anderson (2005), p. 95; Walker (2012), pp. 36-7.
127 BAAS:CM, 29 November 1852.
128 Bennett (1980), pp. 269-270.
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programme of observations with manually-read imsgots that had been

established in the mid-1840s (Chapter 2, Secti6h 2n particular, these years saw
the development of new types of meteorologicalruments. At the same time,

Sabine succeeded in establishing his cherished rggroge of geomagnetic

observations at Kew, again using innovative saibrding instruments. Funding for

the Magnetic Crusade finally ran out in 1848, yeig-term magnetic observations
continued to be carried out under Sabine’s directa several colonial observatories
as well as at Kew. It is possible to argue thabugh Kew Observatory, Sabine
managed to keep a Magnetic Crusade of sorts gdirmughout the 1850s and

beyond. In this section | show how both the magrend meteorological work at

Kew did at least as much as standardisation t@ this observatory’s national and
international prestige, so that by the end of #8805 Kew was renowned as a world
centre for research in both branches of science.

Observations of atmospheric electricity continadter the appointment of
John Welsh in 1850, though thereafter they weretimeed less in BAAS reports,
suggesting that the programme had become a watdniafyrather than front-line
researci?® In 1856 the electrometer assembly was removed ftee observatory
dome to make way for the solar telescope (see €hdptand a smaller electrical
apparatus was built on the side of the ddfie.Yet Ronalds’ original apparatus
remained a prototype for other observatories: copiere built at Kew for the East
India Company in 1847 and the Madrid Observator§ 82, suggesting that Kew
was respected as an international standard irfighis'3* A new type of instrument
for observing atmospheric electricity, devised byllidm Thomson, would be
installed at Kew in the 1860s (see Chapter 6, Sedi3).

Work on geomagnetisiper secame to Kew in the mid-1840s with a project
by Ronalds to build a self-recording instrumentrf@asuring magnetic declination —
the difference between true north and magnetic hnort This ‘declination
magnetograph’ was an extension of the 1840s trewdrtls instrument automation,
which made use of the new technologies of photdgramd telegraphy (see Chapter

2, Section 2.6). The device worked using a magitéta mirror that reflected light

129 This reduced priority was mirrored at Greenwichhis annual reports, Airy mentions the
Greenwich electrical apparatus only briefly aftes mid-1840s and not at all as of the 1851
report. See, e.g. Airy (1851), p. 9.

130BAAS:CM, 6 August 1856.

131 Ronalds to Sabine, 30 June 1848, RS:Sa.1087; BBMS29 November 1852.
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through condensing lenses to form a concentratetafdight on a moving strip of
photographic paper, thus making a trace of theatianis in the magnetic field over
time. The magnetograph required a vibration-frggpsrt. This was achieved by
suspending it between two masonry pillars that dwaginally supported the transit
instrument that had been used to determine timeKifog George llI's clocks —
further evidence that in the Kew building the BAA&d a ready-made environment
for precision measurement (see Chapter 1, Sectibp 1Ronalds published the
details of his invention in the Royal Societyhilosophical Transaction$? But
the same volume contains a description of a vamnjlai device built by Charles
Brooke, a surgeon who invented a number of scientiftruments in his spare time.
By mid-1847 Brooke was automating the magnetic imeteorological instruments
at Greenwich; a year later these were up and rgridin The Admiralty awarded
Brooke a prize of £500 for this invention, perhapsthe recommendation of George
Airy. Nothing, however, was awarded to Ronaldsrethough Ronalds published
his work at the same time and Airy must have begara of it, which suggests a
further example of Airy’s antipathy to Kew. LordoNhampton (formerly President
of the Royal Society, now President of the BAASY dohn Herschel then applied to
the government for some recognition for Ronaldsr April 1849 Ronalds was
awarded £250; the money was apparently forwardedctty from the Prime
Minister, Lord Russel** This successful joint application by Northamptamd
Herschel must have brought the work at Kew to tlbéica of Lord Russell's
government and may possibly have made that goverhmere receptive to the idea
that it could or even should reward scientific egs@ with public money. Therefore
it may have been more than a coincidence that gostmonths later Russell,
according to later accounts, wrote to the Royali&ys President, Lord Rosse, with
the original offer of an annual £1,000 governmeangfor scientific research. This,
together with the friendship between Russell andsétesl, also strengthens the
possibility that, as discussed above in Section & Kew Committee deferred

closing the observatory in anticipation of govermirfeinding.

132 Ronalds (1847).
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In April 1851, Ronalds began a six-month triatwb further magnetographs,
along with the original declination magnetogragmrnfing a suite of instruments that
recorded the three essential elements of the Bartldgnetic field: declination,
intensity and dip (deviation from the horizonta. The trial was completed and the
results reported, but these instruments do not $edrave been used on a permanent
basis during the early 1850s. The Kew Committeemed as reasons limited funds
and the priority of experiment over long-term obagion at Kew. Moreover, the
work was funded by a one-off grant of £100 from Beyal Society’s Donation
Fund®®® Certainly the funding situation was not generiouthe early 1850s, but the
introduction of standardisation must also have goresd much of the limited time
and resources available, especially as Welsh hbdome assistant at this time (see
below). Yet there is evidence that some magndigervations were being carried
on quietly at Kew. In March 1850 Sabine obtainetharisation from the Council to
commence a modest programme of magnetic obsergasipKew, to be made one
day per week using manually-read instruments ioréaple wooden observatory set
up in the Kew Observatory grounds (to isolate tistruments from irom®” Both
the instruments and the hut were ‘lent’ by Sabiseggesting that they were
hardware left over from the Magnetic Crusade. €pondence between Welsh and
Sabine further demonstrates that some magnetic waskbeing kept going — as in a
comparison by Welsh of the magnetic dip at Kew \lidt at \Woolwich-38

During these years equipment for other obseredoand expeditions was
also made at Kew: in 1850 Ronalds completed forTim®nto observatory (one of
the stations that had participated in the Magn€ércsade) an instrument for
measuring magnetic dip. In early 1858, magnestriiments were made at Kew for
David Livingstone’s upcoming expedition to Africacamembers of Livingstone’s
party came to Kew to be trained in their use —xamgle of the observatory acting
as an imperial capital of magnetic instruments ai as the meteorological ones
described in Section 33° Indeed, through this system of supplying

instrumentation and training to overseas obseres@nd expeditions, in addition to

135KD, 1 April 1851; BAAS:CM, 11 April 1851.
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quietly carrying on a low-level programme of geomeiic observations, some of the
work of the Magnetic Crusade continued at Kew eaer government funding for
it had officially ended. A permanent programmarafgnetic observations with self-
recording equipment began in January 1858 with awgd versions of Ronalds’
instruments, built with the aid of £250 from they@bSociety Government Grant.
This programme of observations was in responsédol852 discovery by Sabine
and others of a correlation between sunspot agtatitd variations in the Earth’s
magnetic field and was designed to run in paraNéh a programme of solar
photography at Kew (see Chapter'#). With this new set of self-recording
instruments, Sabine at last had a magnetic obseytitat could rival Greenwich.

In 1855, Kew Observatory was given internationabnpotion when a
selection of Kew magnetic and meteorological inseats was displayed at that
year’s Universal Exposition in Paris. This intdfaaal exhibition, which ran from
May to November 1855, was a deliberate attempt lapdieon Il to outshine
Britain’s 1851 Great Exhibition and flaunt the gloof the new second French
Empire, Napoleon Il having become Emperor onlylB52 after several years of
political turbulence in Francé! As in 1851, a major aim of the Paris exhibitioasw
to display the finest examples of scientific pragrdrom around the world. The
Paris exhibition would be viewed by a huge audiesoat was a great coup for Kew
to have instruments exhibited there. The involvetnod Kew Observatory with the
Paris exhibition originated with a letter sent ied@mber 1854 from the Board of
Trade to Lord Wrottesley, Lord Rosse’s successdtrasident of the Royal Society.
The letter claimed that the manufacturers of sooensfic instruments, including
‘those for conducting researches into the laws afmetism, heat, light, electricity,
and other physical forces’ were under-represemteds list of British manufacturers
proposing to send displays to the exhibition. Bloard of Trade asked whether the
Royal Society could appoint a committee to coopemaith them in filling this
deficiency. The committee appointed by the Royadi&y included three important
members of the Kew Committee: De La Rue, Sabing (hceasurer of the Royal
Society) and Wheatstori®? It may not be surprising, therefore, that at tiext
meeting of the Kew Committee, Sabine announcedtii@Royal Society would be

140BAAS:CM, 26 August 1857 and 26 April 1858.
141 Tombs (1996), pp. 188-189; Baguley (2000), pp-198.
142RS:CM, 14 December 1854.
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happy to accept the help of the Kew Committee mds® a display of magnetic and
meteorological instruments to Paris. The Kew Cotteaiappointed John Welsh and
mechanical assistant Robert Beckley (see belovgctmmpany the instruments to
Parisl43

One might have expected Greenwich, Britain’s pegmgovernment
observatory, to have a display at this exhibitidfet it was Kew and not Greenwich
that took the 25-foot long exhibition space in Baalongside another 25 feet of
counter space for smaller instruments. Both spaa¥e largely taken up by Kew
apparatus, such as a self-recording magnetograplragcis Ronalds, and the
thermometer verification apparattf§. Some Greenwich instruments were exhibited,
but they were only brought to Paris as a small pittie Kew display*® The Board
of Trade refunded the expenses, totalling just @280, incurred in transporting the
instruments to Pari$® The Board of Trade might have had good reasobeto
grateful to the Kew Committee and to promote thekwaf the observatory, given
that in the year to September 1855 over 2,800 matagical instruments had been
verified at Kew for British government departmeHlfts. The Paris exhibition
symbolises how, by the mid-1850s, Kew was becomimgtionally and
internationally recognised as an important centredesigning, building and testing
magnetic and meteorological instruments.

The regular meteorological observations with m#puraad instruments
were continued at Kew throughout the 1845-1859 ogderimostly without
interruption. At the same time as his invention aofself-recording declination
magnetograph (see above), Ronalds also developgdiriments that automatically
recorded temperature, barometric pressure and ptrads electricity at Kew?® In
1854, John Welsh designed and built a new typemfes for shading thermometers
from direct sunlight; this was an early form ofuleered’ thermometer screen, that
allowed air to circulate freely around the thermtsne while keeping them
shaded?® One enterprise which might have brought Kew tderipublic notice was

a series of four balloon ascents in 1852 to makieonelogical observations at high
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altitude. These ascents were spectacular pubéintevthey took place in the large
‘Nassau’ balloon owned and operated by Charles rGriee best-known balloon
pilot, or ‘aeronaut’ of the time, and the choice ladndon’s Vauxhall pleasure
gardens as a launch site meant that they would bege noticed by many people.
Yet the very appeal to the public of balloon lawegls a spectacle and social event
meant that ballooning was not seen as a serioustgct® which may explain why
Welsh’s ascents were the first serious scientidldon flights in the UK. The
BAAS Council first asked the Kew Committee to aganto make balloon
observations in March 1852; the Committee’s maifecbwas to determine the
temperature and humidity of the atmosphere at reiffie heights and also to see
whether the chemical composition of the air at lagltudes differed from that at sea
level. Arrangements were quickly made to hire Gread his Nassau balloon, a
special set of instruments was made by Patrick Adeverified by Welsh, and prior
to each ascent circulars were sent out to voluntesteorological observers across
the south of England, asking them to make detaleskrvations on an hourly basis
for the duration of each flight. The ascents wkneded by the Royal Society
through a £261 grant from its Wollaston Donatiomdrua private fund bequeathed
by former President William Hyde Wollastért.

A total of four ascents were made, between August November 1852.
Welsh accompanied Green on the balloon on eachsioccand on the first two
flights R. B. Nicklin (first name unknown), an assint at Kew, helped with the
instrument readings. The highest altitude, 22,88, was attained on the fourth
ascent; on this occasion, the effects of highualétwere enough to cause difficulty
in breathing and tiredness after any exertion. fAlr ascents were a scientific
success, however. In a substantial paper publishedhe Royal Society’s
Philosophical Transactions Welsh reported that the air temperature steadily
declined with altitude, except for a hiatus wheoe 2,000 feet the temperature
remained static, the height of this zone varyingwkeen 4,000 and 8,000 feet
depending on the weather. An analysis of air sampl the chemist William Allen

Miller (a member of the Kew Committee, who had lkeelpn the early stages of the

150 Tucker (1996), esp. pp. 146-148; Rolt (1966),180-192.
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thermometer standardisation work) demonstrated ttietcomposition of the air at
the highest altitudes reached was the same aatthag levet®?

The ascents gained some publicity outside scientifcles, as in a short
article in thelllustrated London Newsvith an illustration showing Welsh, Green,
Nicklin and Adie just before the first flight3 Yet they generated nothing like the
public excitement that arose when the BAAS revinegteorological balloon flights
the early 1860s, this time under a special ‘Ball@@mmittee’ appointed at the 1858
Annual Meetingt®* By the time the flights were recommenced, Welsis wead and
the meteorologist on board was Greenwich Obsernyatdames Glaisher, who had
taken great interest in the 1852 flights as on¢hefground observers. When the
opportunity arose again, Glaisher volunteered kivises!® Glaisher's ascents
became a symbol of Victorian scientific exploratiom a way that Welsh’s
pioneering work never did. This was no doubt pdrdcause of the September 1862
ascent, in which Glaisher and his aeronaut Henmyw@t had a narrow escape with
their lives: the balloon went out of control andexrsded to a record-breaking height
of approximately 37,000 feet, causing Glaisher emporarily pass out before
Coxwell managed to stop the balloon ascending. imbielent led to Glaisher and
Coxwell being lionised as brave, heroic exploreving up to the best Victorian
values!™® But the main reason why Welsh’s work remained {gsll known is more
likely to have been the difference in temperamesttvben the two men. By the
early 1860s, Glaisher had already become a welvknaublic figure: since the mid-
1840s he had been writing for various newspapersutalihe Greenwich
meteorological observations and he frequently gaudic lectures on meteorology
and his own scientific exploits, occasionally te itmnoyance of his superior, George
Airy. Some of his scientific contemporaries frowngoon him as a self-publicist: in
1865 the botanist Joseph Hooker described him a&xample of ‘those cattle, who
live by self-glorification’®>” Welsh, by contrast, published only in scientific
journals; moreover, his Royal Society obituary ddtés diffident personality® As

152\Welsh (1853), esp. pp. 338-340.

153 Anon. (1852a). The picture is briefly mentioned Tiucker (1996), p. 150. The 17
August ascent is also briefly described in Ano@5@b).

154 BAAS Annual Reporfl858, p. XXXix.

155 Rolt (1966), pp. 192-194.

156 Tucker (1996), pp. 169-171.

157 Quoted in Anderson (2005), p. 99.

158 Anon. (1859-1860), p. XXxvii.
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noted in Section 3.2 above, Welsh was happy to veuietly in the disciplined
environment of a Victorian observatory.

As the narrative of the balloon flights suggest&n the dynamic John Welsh
could not have done all the many types of workiedrout at Kew in the 1850s —
magnetic and meteorological observations, stanskidn, instrument development,
balloon experiments and more — on his own. FroB0l& least one assistant was
employed at the observatory; as noted in Secti@n I8bour at Kew was divided
between an observer and a mechanic. Nicklin, vdoorapanied Welsh on the first
two balloon flights, was working at Kew by July IB&t the latest and left at some
point in 1852. He helped John Welsh with readimgiruments and photographing
the Sun>® Robert Beckley started work at Kew in Novembe53,8on the
recommendation of the renowned inventor, chemidt astronomer Warren De La
Rue, who was soon to become an important figurehenKew Committee (see
Chapter 4)%° Beckley was much more than an assistant: he eta&ly involved in
instrument design and construction, in 1856 bugdam anemometer to a design by
Thomas Romney Robinson and constructing a recordangce for it. His £91
annual salary put him at the low end of the protesd classes at the time and was
not far below the £100 earned by Welsh when heepbthe observator?*

This trend towards employing more technically-gfied assistants continued
from the mid-1850s. March 1855 saw the arrivalDof Hermann Halleur, on
William Sykes’s recommendation. He seems to haiginally trained as a medical
doctor before serving as director of the Royal hecdl School in Bochum a few
years before coming to Kew. He assisted with taadardisation work, but left in
September 1855; the following year he took the pbstrofessor of Natural Science
at Calcutta University, for a salary of £840, aufig that must have been galling for
John Welsh® Halleur was replaced in March 1856 by Balfourvitd. Like
Welsh, Stewart was one of James Forbes’s Edinbwyglduates in Natural
Philosophy. He was employed by the Kew Committeara ‘Assistant Observer’,

suggesting an increasingly formal structure todhservatory’s personnel. Stewart

159 KCM, 5 July 1850; KD, 1 April 1851 and 21 June 18%Velsh to Sabine, 3 March 1852,
RS:BJ 3/32.

160 KCM, 12 November 1853 and 3 December 1853.

161 Beckley (1858); BAAS:CM, 27 June 1855.

162 KCM, 11 June 1855; Panwitz and Schwarz (2011%72; Welsh to Sabine, 7 January
1856, RS:Sa.1737.
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also remained at Kew for just a short period. ttdDer he returned to Edinburgh to
work as an assistant to Forbes — though not béiead invented a thermometer for
measuring the sum total of temperature fluctuatieviich he wrote up as a paper
for the Royal Society?® Stewart was succeeded in October 1856 by Charles
Chambers, who was recommended by the Council ofSigiety of Arts. The
Society of Arts examinations had been newly intomtl that year and Donald
Cardwell cites the employment of Chambers at Kevaragxample of the Society
using its influence to help students who had pasisescxaminations gain scientific
employment®* In January 1858, fifteen-year-old George Whipipdégan work at
Kew; initially, he was employed ‘to assist in thengral work of the Observatory’,
establishing a precedent of employing boys as juassistants in the observatory
(see Chapter 6, Section 659.

Welsh himself was still earning only £200 per amnat the time of his early
death in May 1859; this income was modest even wbempared with the £240 paid
to the Astronomer Royal's deputy at Greenwith.We have no record of Welsh
ever complaining to his superiors on the Kew Cortesitabout his situation.
However, when Balfour Stewart gave notice of h&geation, Welsh confided in a
letter to his old tutor, James Forbes that Stewad ‘put up very good naturedly
with the inconveniences of this awkward place anth whe uninteresting sort of
work we have so often to d&*’ Yet although Welsh had to do much ‘uninteresting’
work for relatively little, in 1857, when he wasllsbnly 32 years old, he was
recognised by being elected a Fellow of the Royai&y — ten years after the 1847
reforms that had restricted the annual intake of Rellows to fifteen, to be elected
on scientific eminence alone. The citation mergtbihis balloon ascents, his work
on verification of barometers and that he was ‘@miras a meteorologis® That
the observatory was headed by an FRS from 1857 imheased its scientific

prestige.

163BAAS:CM, 6 August 1856.

164 BAAS:CM, 26 August 1857; Cardwell (1972), pp. 88--8

165 KCM, 24 April 1858; BAAS:CM, 22 September 1858.

166 Chapman (1988b), p. 52.

167\Welsh to Forbes, 6 September 1856, St Andrews pnsdé Incoming / 1856 / 85a and b.
168 Election certificate, John Welsh (1824-1859), RS157/14.
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3.5 Conclusion

‘I should like you to see Kew. It is a nice plasew.*®® So Sabine concluded a
letter to John Herschel in April 1857. Certainlguch had changed at Kew since
1845. In the late 1840s Kew Observatory had amanoudget of £150 and faced
several serious threats to its continued existe®yethe end of the 1850s, its BAAS
grant had increased to £500 per annum. The oliseyvsciences practised at Kew
had grown to encompass a full range of cutting-edggomagnetic and
meteorological research, in addition to a largdesqaogramme of instrument
standardisation that brought in significant extraney. Whereas in 1845 the only
paid member of staff at Kew was an army sergeanf®h per year, by 1859 the
observatory had five paid staff, giving a totalasglbill of nearly £506/° By the
late 1850s, too, the observatory’'s fame and presiad increased enormously: its
name was attached to a well-known marine baronsatdrits work for expeditions
and overseas observatories had given it interratgmominence.

We have seen how the introduction of the Royali&pcsovernment Grant
in 1849 was less of a dramatic change for Kew Qfagery than it might seem. The
rescue of Kew Observatory from closure at the enth® 1840s owes more to the
astuteness of Sabine and the businessman Gassiot,tagether introduced a
business-like regime at Kew. In particular, thekely saw the potential of
standardisation to become self-funding and, everenmportantly, that it could be
an essential service to government, thus fatallgkering the case for closing Kew.
The real importance of the Government Grant inrgpew, was that Sabine and
Gassiot introduced the standardisation programmeéhénearly 1850s, buying a
dividing engine in anticipation of grant money, wahiensured that the work of
verifying instruments for the Admiralty, the Boamf Trade and the London
instrument makers went to Kew and not to Greenwilths also possible that John
Herschel deferred the closure of the observatocalmse he may have known about
the Government Grant before it was officially annced — though he certainly did
not believe that it should ever be used to sugpstitutions like Kew on an ongoing
basis. We can see from the experience at Kew, thahthe Government Grant was
not a change fromlaissez-faire If anything, it enhanced théaissez-faire
environment in which the Kew Committee had to woik, that it gave the

169 Sabine to Herschel, 6 April 1857, RS:HS 15.242.
10 BAAS:AR, 1859, p. 7.
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Committee one-off sums of money that they couldtasstart up the standardisation
service, which they operated on a commercial basisany case, only a minority of
the observatory’s income before 1859 came from@beernment Grant. Its largest
source of income was still the annual BAAS graliven one-off projects — from
Ronalds’ pioneering experiments in self-recordinggmetic and meteorological
apparatus to the spectacular balloon flights in2185were as often funded from
private sources as they were by government. Kese@®atory in 1859 was still an
independent institution controlled by Morrell andatkray’s ‘gentlemen of science’.

Yet Kew Observatory in the late 1850s was mora jbat ‘a nice place’. It
was also an important place in the landscape oplthysical sciences. Sabine and
Gassiot, aided by the technical ingenuity of FrarRonalds, John Welsh and their
assistants, had established at Kew a world-clasgnet@ and meteorological
observatory with self-recording instruments likedd at Greenwich. Even when he
was president of the BAAS, Airy was unable to sthe Kew magnetic and
meteorological observations. When the British gomeent sponsored a display of
magnetic and meteorological instruments to the 18&Bs Exposition, the display
was dominated by instruments from Kew and not frGmeenwich. The Paris
Exposition was an instance of how the work of Keasvibecoming internationally
known. During the 1850s, Welsh and his colleadguelt and tested instruments for
foreign observatories, and they provided trainingtheir use to expeditionary
parties. A number of distinguished foreign visitanspected the instruments and
observational work at Kew, such as Berlin Meteogaal Institute director Heinrich
Wilhelm Dove, who had become famous for his globahperature mags?
Foreign institutions, as well as British governmeéepartments, were turning to Kew
for standardised instruments. By 1859, the rarigdservatory sciences practised at
Kew had increased further, with the introduction asfother new project, again
privately funded: the photographic investigatiortteg mysterious dark spots seen on
the disc of the Sun, to be discussed in Chapter 4.

111 KCM, 13 September 1854; Anderson (2005), pp. 88-89
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Chapter 4
‘Solar spot mania’, ‘cosmical physics’ and meteoralgy,
1852-1870

| believe | have been writing a great deal of nasse— but | must confess that a
solar spot mania has fairly seized me!

John Welsh to Edward Sabine, 23 April 1852

There is a class of observations which may bedallosmo-Physical observations,
of immense importance at the present moment; aeck tls, moreover, a sort of
preparatory scientific conviction gradually arisitigat we are on the eve of some
grand generalization, which may coordinate manygkiwhich seem at present
strangely diverse and unconnected. ... Among tlpemomena we have the
physics of sun-spots, magnetic and electric disturtbs, and meteorological
phenomena generally.

(Anon.),Athenaeum3 October 1868

4.1 Introduction

Chapter 3 discussed how between the late 1840s tlaadlate 1850s Kew

Observatory not only survived, but also diversifigd activities and became

nationally, indeed internationally famous as a efdr instrument standardisation
as well as for geomagnetic and meteorological elaseins. Yet as suggested by the
first epigraph above, the latter part of this pgéradso saw the beginnings of the work
for which, at least among historians of sciences tbservatory is now best
remembered: the first systematic programme to guafh the Sun and its then
mysterious dark spots. According to the standastbhes, this project was started
with the word of the great Sir John Herschel; th#re Kew solar camera or
‘photoheliograph’ was designed by Warren De La Rod under the direction of

Balfour Stewart, John Welsh’s successor, it begashing the boundaries of the

1 Welsh to Sabine, 23 April 1852, TNA:BJ 3/32.
2 Anon. (1868a), p. 436.
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emerging discipline of astrophysits. The results of the Kew photographic
programme were used by Kew Observatory superintgrigifour Stewart to derive
controversial theories relating the formation ofispots to planetary alignments and
they inspired studies into possible relations betwesunspots and weather that
assumed importance in late nineteenth-century i@pgovernance. The results
remain of interest to astronomers today workingmalels of the solar cycfe.

This chapter aims to address three broad questiiosts how and why solar
astronomy came to Kew in the 1850s; second, hovplioéoheliograph was used in
practice; and finally, the subject of the secongjiggph, what was the true nature of
the complex relationship between solar, magnetit @reteorological research at
Kew under the directorship of Balfour Stewart frd®59 to 1870 — and, indeed,
Stewart’'s own tortuous connections with Edward Babthe Kew Committee and
the Meteorological Department of the Board of TradAll three questions are
related to two overall themes of this thesis: tmganisation of science and the
observatory sciences in practice.

Neither of the first two questions — on the orgyof the photoheliograph and
its use in practice — are addressed satisfactioriflye existing literature. As noted in
Chapter 1 (Section 1.5), there is as yet no detdiistory of the origins and practice
of solar photography at Kew. None of the existingcles and books are specifically
about Kew and so they inevitably treat Kew onlyefiyi.> The third question, on
Balfour Stewart’s theories of solar-terrestrialateinships and his wider ‘cosmical
physics’, has been tackled more effectively. Rzhdrbonneau has presented a solar
physicist’s overview of nineteenth-century attemptestablish planetary influences
as the cause of the sunspot cycle and how these later debunked by statistical
analyses and the discovery of the magnetic natusarspots. Graeme Gooday has
shown how Stewart used the Kew sunspot data toosupprious theories linking
sunspots with terrestrial meteorology and magnetisati in the context of Victorian
energy physics and Stewart’s religious convictiamsch led him to argue against

materialist cosmologies — and that his advocacguch theory-driven research led

3 This is approximately the story told in Hufbau#®91), pp. 46-67 and King (1955), p. 226.
4 Charbonneau (2002); Gooday (2004); Anderson (2@}5)250-276; Meadows (2008).

® Hufbauer (1991); Rothermel (1993); Schaffer (19%8p. p. 259 and pp. 276-283. See
Chapter 1 (Section 1.5) for some discussion of literature on nineteenth-century
observatories and solar astronomy.

6 Charbonneau (2002).
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him into conflict with Sabine and his eventual gesition from Kew. All this is
certainly true, but as we shall see, archival ewigesuggests that the story is more
complex.

Before | start to address these three questidngefly set the narrative in the
historical context of what had been discovered alsomspots and their supposed
influences on the Earth by the mid-nineteenth agntBection 4.2). In Section 4.3 |
examine how and why solar photography came to Kew argue that John
Herschel's well-publicised rallying-cries for systatic solar observation were only
part of a much more complex story. In Section 4.4discuss how the
photoheliograph was used to make its most famoasrahtions, the photographs of
the 1860 total solar eclipse; | show that the exkpadto photograph this eclipse was
largely directed and financed by a self-funded mfscience. In Section 4.5 | argue
that Stewart’s clash with Sabine was due not oalyhe latter's impatience with
Stewart’s theory-driven usage of the photoheliograpsults but also to the
reorganisation of the Board of Trade’s MeteorolagiDepartment after Robert
FitzRoy's suicide in 1865. The reorganisation laaduge importance in changing
the work regime at Kew Observatory — perhaps morehan has hitherto been
appreciated by historians. Overall, in this chagteaddress two of the great
questions outlined in Chapter 1 (Section 1.1) &f thesis. In critically reassessing
the story of the photoheliograph’s origins anduse in practice, | challenge and
revise the notion that solar photography at Kew wles work of a ‘public
observatory’ and so help to address our fundameuidtion as to how the physical
sciences were organised in the Victorian era. &agoin discussing the story of the
photoheliograph and especially Balfour Stewart'skwith the solar photographs
after 1859, | argue that the observatory scienodis thversified and increased their

importance in the 1860s.

4.2 Sunspots and Sun-Earth connections

Sunspots were studied seriously by Galileo andrsthe the early seventeenth

century with the newly-invented telescope, becdlhisgresence of dark spots on the
solar surface seemed to contradict the Aristotetiation that the Sun was pure and

" Gooday (1989); Gooday (2004); Gooday (2007).
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incorruptible. Interest in the spots thereaftenaa— perhaps in part because in the
mid-seventeenth and early eighteenth centurieg thiere very few spots on the Sun,
a period later termed the ‘Maunder Minimum’ — araksl not seem to have revived
until well into the eighteenth century. From th&7Qs onwards William Herschel
began observing the Sun closely as part of his approach to astronomy that
emphasised the ‘natural history’ of the heavensrsthel believed that the Sun’s
luminous surface was a veneer covering a darkd dmidy beneath, and that the
sunspots were small openings in the brilliant stgfaBy the mid-1790s he was also
thinking seriously about the Sun’s effect on thetlEa climate and for how long the
Sun would continue to shine with the same ‘lustr&hese speculations became
important to Herschel after his discovery in 1800nwisible heat rays — infra-red
radiation — from the Sun. He believed that sursgoihanced the Sun’s total heat
output and so that more sunspots would give wanweather on Earth. Herschel
went back over historical sunspot observations elaimed to have detected a
correlation between the numbers of sunspots angribe of wheat: higher sunspot
activity, according to Herschel, had coincided wtériods of cheaper food and
therefore good harvests and warmer weather. Helfscltheories met with
considerable controversy, but they set a precedespeculation as to whether solar
activity affected terrestrial weath®r.

Neither Herschel nor any other early observeraleteany regularity in these
fluctuations in sunspot activity. In the 1820sr@an amateur astronomer Heinrich
Schwabe began making daily drawings of the Surss th an attempt to detect a
proposed planet close to the Sun that some astrnsotinought might be the cause
of mysterious perturbations in the orbit of Mercuiye found no planet, but in 1843
he claimed that the number of spots was rising fafithg in a regular, ten-year
cycle. He first published these findings in thAstronomische Nachrichtera
respected journal, but nevertheless his work doéseem to have been read in the
English-speaking world at the time. The discovergs, however, noted by the
polymath Alexander von Humboldt, who had been gtfiial in stimulating interest
in terrestrial magnetism in the 1820s and 1830& (Gkapter 2, Section 2.2).
Humboldt wrote about Schwabe’s sunspot cycl€asmosthe great summation of
Humboldt’'s life’s work in the Earth sciences. Wh@nsmoswas translated into

8 Hufbauer (1991), pp. 35-40; Hoskin (2011), pp.-148.
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English in 1852, the discovery would have dramatansequences, described
below?®

John Herschel shared many of his father's belsfto the nature of the Sun
— such as it being a solid body underneath a lunsirenvelope — and while at the
Cape of Good Hope he was eager to investigateofsepties further. He invented a
device which he called an ‘actinometer’ to measwagations in the amount of heat
received by the Earth from the Sun and by Janu&37 lhad begun a regular
programme of sunspot drawings. He used a sma#atafig telescope to project the
Sun’s image onto a white screen for safe viewthdy March he had obtained an
interesting result: he noticed that the spots sdaméraverse the Sun’s disc in a pair
of parallel bands on either side of the solar egyathich he likened to the Earth’s
trade winds. He was unable to find any correlabetween ‘the more or less spotty
state of the surface of the Sun’ and the radiateauings of his actinometer, but he
did suggest it as worth investigating whether epesoof high sunspot activity
coincided with increases in the frequency of theowy as ‘both phaenomena are
now in full vigour and both have had a long periddepose”!

In his 1847Results of Astronomical Observatiofiere abbreviated tGape
Resulty, Herschel speculated carefully on the nature amdse of sunspots,
suggesting that the Sun’s luminous outer envelopghtrbe a fluid that flowed
between the Sun’s poles and equator in a mannégmss to the global circulation
of the Earth’s atmosphere. The currents approgdhi@ equator might, according to
Herschel, displace the luminous matter beneatho®Rrp patches of the dark solar
interior, which we see as sunspots, and the rotaifathe Sun would deflect these
currents longitudinally, causing the spots to appedrade wind’ bands. Herschel
urged those who observed the Sun to make theiridgavavailable so that the state
of the Sun on any given day could be determined.eiphasised that ‘a systematic
and continuous series of observations of the sgfents cannot be too strongly
insisted on’ and that observers should pool thegults ‘to secure amnbroken

® Hufbauer (1991), p. 46; Charbonneau (2002), p. 351

10 John and Lady Herschel to Caroline Herschel, bdaiy 1837, in Evans et al. (1969), pp.
280-282; Herschel (1847a), p. 431.

11 Herschel to Francis Baily, 1 March 1837, RS:HS38.1 Meadows and Kennedy (1982),
p. 424, briefly note Herschel's 1837 speculationaopossible link between sunspots and
aurorae.
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history’ of the Sun’s aspect. He also suggesteat the new technology of

photography might be used in this collaborativaswolork:-

And now that clock-movements have been applied uo eguatorials, and that
photographic delineation can supply, in the utmpstfection, the talent of the
draftsman, it were much to be wished that the stibjere seriously taken up as part
of the regular business of observatories. An ahi@nge of copies might perhaps
take place, without recourse to the engraver, byaid ofthe Kalotypeprocess of
Mr. Talbot, to any moderate and useful exfént.

It may have been the process of writing up thesemations for publication that
revived Herschel’s interest in solar studies, forthe second half of the 1840s he
began to call more widely for a programme of systiensolar observation. In
addition to theCape Resulishe also published his idea in the Royal Astrorai
Society’s Monthly Notices Herschel proposed that the RAS begin collectarg
unbroken series of such drawings’ made by astrommareund the world in order to
gain ‘a knowledge of the laws which govern thesesteryous phenomena, and the
periods, if any, which they observe in their forrnat and thence of elucidating the
nature of the sun itself’. Near the end of thitele Herschel again briefly noted that
‘the exceeding facility with which photographic pesses are executed, and
especially the short time which th&albotype process occupies, makes their
execution on a given scale, and with every requidiégree of precision, easily
attainable™®

In fact, Herschel had realised the potential efriew science of photography
in accurately recording the Sun’s appearance dg @arl839, almost as soon as his
friend (and fellow Cambridge Wrangler) William HgnrFox Talbot had
communicated to him his invention of the negatiesifive calotype or ‘Talbotype’
process. After successfully making a photographege of his own using a similar
process, Herschel commented that it would be ‘aiffeamode of making the sun
represent its own spots n times a day or of mapfsisgnoon** But although he
briefly mentioned photography in both tli&ape Resultsand his 1847Monthly
Notices letter, Herschel’'s emphasis in his proposed coliatve effort was on
drawings to be made every clear day, as he hinself pioneered at the Cape.

12 Herschel (1847a), pp. 432-435. ‘Kalotype’ or ttgpe’ was the name given to William
Henry Fox Talbot's early photographic process.

13 Herschel (1847b).

14 Draft of Herschel to Talbot, 30 January 1839, gddh Schaaf (1992), p. 50.
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Herschel’s main aim was for continuous coveragee(tioe repeated use of the word
‘unbroken’) of the ever-changing spots, regardiesthe method employed. It is
likely that he regarded photography, although éfilexciting possibilities, as a new
and untested technique that not every potentialr sdserver had access to. Having
worked closely with Fox Talbot on the developmehth@ photographic process in
the years immediately after 1839, Herschel had llisions as to the technical
challenges posed by this new meditim.

But this time his plan, although published in whatdl become one of the
world’s premier journals dedicated to astronomyswmat taken up. By the late
1840s Herschel had retired from systematic astracedrobservation and from 1850
he would be immersed in his highly stressful jotMasster of the Royal Mint. Only
in 1854 would he repeat his call for a systematigmmme to observe the sunspots.
This, it has hitherto been assumed, initiated #t&éng-up of a solar photographic
telescope at Kew Observatory. Yet the story of Bolar photography came to Kew

is much more complicated than this, as | will dssin Section 4.3.

4.3 'Solar spot mania’: the origins of the Kew suspot programme

In the spring of 1852, Sabine obtained an impontastlt from the large volume of
data generated by the Magnetic Crusade: he fowatdhh frequency and intensity of
magnetic disturbances and the mean monthly rangeaghetic variations rose and
fell in a ten-year cycle, with a minimum in 1843daa maximum in 1848. A similar
period had been derived slightly earlier by Johdramont of Munich from
continental European observations, but in March218abine noticed something
else. His wife Elisabeth had recently translatedimdoldt’s Cosmosfrom the
German, including the reference to Schwabe’s disigouf a ten-year sunspot cycle.
Sabine immediately saw that Schwabe’s cycle coettigith the magnetic cycle that
he had just discovered. He wrote excitedly to Efees about his findind®
Herschel, busy at the Royal Mint, may not haveiegplfor almost a month later
Sabine wrote to him again, urging him ‘to look &t tremarkable coincidence’

between the sunspot and magnetic cycles, whichn8athiought was ‘much too

15 Buttmann (1974), pp. 136-152; Schaaf (1992), ppl@2.
16 Sabine to Herschel, 16 March 1852, RS:HS 15.234is is quoted in Meadows and
Kennedy (1982), p. 420.
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remarkable & consistent ... to be passed as a meigeat’ !’ Herschel did, though,
reply to Michael Faraday in November 1852, in res@oto Faraday forwarding him
a letter from Swiss astronomer Rudolf Wolf, who hesd a historical analysis of
solar observations going back to the eighteenttucgto refine Schwabe’s period to
11.1 years. From his response we know that Hersck@owledged the importance
of Sabine’s discovery of the correlation betweengtnspot and magnetic cycles: ‘If
all this be not premature we stand on the verge st cosmical discovery such as
nothing hitherto imagined can compare with’. He $le discovery as a vindication
of his view that a connection existed between soisspnd the aurora, suggesting
that electric currents in space were ‘auroralizzdthe Sun’s upper atmosphere and
that the ‘red clouds’ seen during a solar eclipgaM known as solar prominences)
might be ‘reposing auroral massé$’.

Secondary sources suggest that Herschel was titealcdriving force in
initiating the Kew sunspot photography programme, Writing to the Kew
Committee with a plea for a continuous photograpbaord of the Sun, whereupon
the Kew Committee followed his wotd. Yet they do not explain why he only wrote
to the Committee in the spring of 1854, two yedtsraSabine’s discovery of the
sunspot-terrestrial magnetism relation, nor whyrdmmmended that Kew and not
Greenwich or some private observatory take on the&kw The latter is especially
surprising given that in the 1840s, as we have ,skenhad encouraged private
individuals to observe the Sun.

In fact, Sabine also sent his original 1852 paperthe sunspot-magnetism
connection to John Welsh, the superintendent at ¥, as noted in Chapter 3,
was on friendly terms with Sabine. On 23 April \Wrelreplied enthusiastically,
agreeing with Sabine about the coincidence betwbensunspot and magnetic
disturbance periods. Welsh suggested that if vopase ‘that the Sun is a magnet —
an electro magnet — (a great electric light perhapwill undoubtedly have some
influence upon the magnetic condition of the plareand any irregularities in the
Sun’s magnetic field would show up in the Earth’Ble suggested, as an initial

experiment, that Schwabe’s solar observations cbeldompared with past records

17 Sabine to Herschel, 12 April 1852, RS:HS 15.236.
18 Herschel to Faraday, 10 November 1852, RS:HS 73.12
19 Charbonneau (2002), p. 355; Le Conte (2011), pRaghermel (1993), p. 152.
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of magnetic disturbances to see if outbreaks opots coincided with disturbances.

Then, if a further regular series of solar dataenereded:-

the best way by far would be to take photographitupes of the Sun every day at a
few stations where clouds are least plentiful. SEhgictures are very easily obtained
and require no apparatus beyond a good telescoperiofps 10 or 12 feet focus or
an object glass alone mounted on any rough thinghvtould be directed to the
sun.

Welsh went on to remark that the previous summerdtetaken some images ‘with
a very wretched little reflector which quite consa me of the practicability of the
operation’. He apologised for writing what may aaween nonsense, but confessed
‘that a solar spot mania has fairly seized m&!Although Welsh was not the first to
advocate photography as a means of recording stensas we have seen, Herschel
did so in 1839 — his April 1852 letter to Sabinehs first recorded suggestion that
photography be used as thmain method in a regular, multi-observatory
photographic patrol of solar activity. He was ailse first to suggest that it could be
done with a small and simple, and so inexpensieé&estope — an attractive
proposition to the ever budget-conscious Kew Cone®it More importantly, it was
Welsh who was the first to argue for a photographiospot observing effort in
response to Sabine’s discovery of the sunspot-ggoetism relationship.

If Sabine replied to Welsh, we have no recordtof Nor do we have any
evidence of contact between Welsh and Herschel, didh@ot make any move until
two years later when he wrote his well-known letethe Chairman of the Kew
Committee, John Peter Gassiot. This was published/o prominent places: the
1854 Annual Reporiof the BAAS and théMonthly Noticesof the RAS for March
1855. TheMonthly Noticesrersion, although concerned solely with his prepdsr
the sunspot observations, bears the generic ‘itethe Application of Photography
to Astronomical Observations’. This, together withauthor's name and reputation,
would have ensured the article a wide audience. rsdhel emphasised the
importance of a system of daily solar photograpiesriention of drawings now), in

order to maintain ‘a consecutive and perfectlyhfiait record of the history of the

20 Welsh to Sabine, 23 April 1852, TNA: BJ 3/32. TKew Diary’ for 1850-1851 confirms
that on 21 June 1851 Welsh and an assistant (N)ckfirocured some Daguerreotype
pictures of the sun with the help of a small refteg telescope’. (KD, under entry for 1851
June 27th.)
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Spots’. Like Welsh, he sketched out how it coudddmone in practice using a small
telescope (he suggested a 3-inch refractor), a Miedjimage of the Sun being
formed on the photographic paper or glass withyapiece equipped with wires that
would enable the positions and sizes of the spothe® photographs to be measured.
He also suggested, as did Welsh, that it shoulddoe at multiple observatories in
order to obtain continuous coverage, though he viwgtiier in thinking that these
stations should be spread evenly in longitude atdba globe’!

Although the letter suggests that Herschel inddgetly took the initiative of
urging the Kew Committee to take up the systematigdy of sunspots using
photography, secondary sources seem to have okedaoclaim in the Committee’s
1854 report just before the start of Herschel'sefetto the effect that Sabine had
reported Herschel suggesting to him the importasicgaily solar photographs and
that Herschel's letter was in response to one ff@assiot asking Herschel for a
statement of his views on the mattérThe minutes of the Kew Committee for 15
March 1854 bear this out: having heard Sabine’sntegf Herschel's suggestion, the
Committee requested Gassiot to ask Herschel ferviaws as to the importance of
the object and the best mode of carrying it infeaf.?®> No copy of Gassiot’s letter
seems to have survived in Herschel’s files, buh&original manuscript of his reply
Herschel writes: ‘1 am ashamed to have allowed yietter to remain so long
unanswered but | hope you will not attribute théagléo wilful negligence2* This
apology is omitted from both published versionsthpps to save Herschel the
embarrassment of advertising his tardiness.

That the initiative seems to have come from Sabmethe Kew Committee
helps to explain why the solar photography wenKéw. It is also possible that
Sabine originally owed the idea of a photographiegpamme to Welsh and not
Herschel, and that he merely used the latter’simmdur to gain support for the idea
— a possibility strengthened by Sabine’s patchgktracord of reporting the truth, as
discussed in Chapter 2. Furthermore, given thasdthel was overworked at the

Royal Mint, it is even possible that Sabine hadnbeéormally lobbying Herschel

21 Herschel to Gassiot, 24 April 1854, printed in B&XAAR 1854, pp. xxxiv-xxxv; Herschel
(1855), pp. 158-159. The RAS version is addreszédolonel Sabine’, but both the BAAS
version and the original manuscript (see below)chrarly addressed to Gassiot.

22 BAAS:AR, 1854, p. Xxxiv.

Z KCM, 15 March 1854.

24 Herschel to Gassiot, 24 April 1854, RS:MC.5.164.
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for his support ever since 1852, but that the fdisd never written and so Sabine
now asked Gassiot to write a formal letter on biebthe Kew Committe€® The
1998 Calendarof Herschel's correspondence records very feverdgton scientific
subjects in the early 1850s; most of them are aBmyal Mint busines® It is
possible, then, that the original initiative camenfi Sabine and Welsh in 1852, not
from Herschel in 1854.

Events moved quickly after the Kew Committee reediHerschel's letter.
Within just over two weeks, the Committee had retiee estimates of the costs of
an instrument along the lines suggested by Hersétogh the instrument makers
Thomas Cooke of York and Andrew Ross of LondorBy the Annual Meeting in
September 1854, Ross had won the contract and nbeument was under
construction. Meanwhile, a grant of £150 to cotlex cost of construction was
rapidly secured from the Royal Society’s Donatiam@?® The Donation Fund was
from private money, so although the Kew sunspogmme is sometimes referred
to as being the work of a public observatttihe solar telescope was in fact funded
from private sources.

The detailed design of the telescope was also edorbut by a private
individual, Warren De La Rue, a wealthy printer atationer who had invented an
innovative machine for making envelopes and was @aowned as a chemist and a
pioneer of astronomical photography. De La Rue taden up astronomical
photography seriously as recently as 1851: a firmqgraph of the Moon on display
at that year's Great Exhibition encouraged him tp his own hand at lunar
photography. Astronomical photography was not mewhe 1850s: photographs of
the Moon had been taken in the United States dg aarl840 and images of the
Sun, showing spots, had been produced in the mi@sl8using the French
‘Daguerreotype’ process, which recorded photog@phages onto sensitised metal
plates®® But in the early 1850s De La Rue was among tist fo exploit a new
photographic technology, the wet collodion procesgented by Frederick Scott

Archer. This new process greatly increased thesipiiies for photographing

25 Accounts of Herschel's life emphasise how he wasworked in these years, to the point
of a nervous breakdown later in 1854 (Buttmann 4).9@p. 176-183).

% Crowe et al. (1998).

27 Gassiot to Herschel, 9 May 1854, RS:HS 8.59.

2 BAAS:AR, 1854, p. XXXV.

2 Schaffer (1995), p. 259.

30 Tobin (2003), pp. 52-54.
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celestial objects, because plates coated with altidion were much more sensitive
to light than those prepared with Daguerreotypel abotype surfaces. Whereas
with the older processes even a bright objecttliieeMoon required an exposure of
many minutes or even hours, a good image of thenvioalld be secured after just a
few seconds’ exposure with collodion. De La Ruéckjy brought himself up to
speed with the new process and began taking odistapictures of the Moon with
his private 13-inch reflector. By the mid-1850s \mas widely acknowledged as
Britain’s leading expert on astronomical photogsaph He was elected a member
of the Kew Committee in March 1854 and it was tm lihat the Kew Committee
turned for a detailed costing and design of a teles dedicated to photographing
the Sun??

Under De La Rue’s direction, the telescope fortpg@aphing the Sun, or
‘photoheliograph’, as it became known, was builtrlya quickly.>®>  The
photoheliograph was a refracting telescope withoaject glass 3.4 inches in
diameter and 50 inches in focal length, which usgepieces to project magnified
images of the Sun onto a photographic ptatén October 1856 De La Rue reported
to Herschel that the instrument was complete amdted in the dome at Kew
Observatory formerly used for Francis Ronalds’ apieric electricity observations
(Chapter 2, Section 2.8). Yet the telescope did not become operational oritl-
March 1858 and it would not be used continuouslyKatv to take daily solar
photographs, as suggested by Welsh and Herschglfivm years after that date. It
is likely that, although Sabine discovered the @ation between solar activity and
terrestrial magnetic variations and so had an astein seeing his results vindicated
by the photographic programme, the observatoryrhack urgent priorities in these
years. In 1857 and 1858 Welsh was doing doublg dutaddition to superintending
the observatory he was busy with Sabine’s magmsetieey of Scotland described in

Chapter 3 — indeed, De La Rue mentioned the sumgey likely cause of delay in

31 Hartog, rev. Meadows (2004); E B K[nobel] (1834), 157-160; Le Conte (2011), p. 16.
32KCM, 15 March 1854; BAAS:AR, 1854, p. XXxV.

% The term ‘photoheliograph’ — ‘writing with the hg of the Sun’ — first appears in
BAAS:CM, 26 August 1857. The word sounds Hersemelespecially as Herschel claimed
to be the author of a letter The Timessigned ‘Helioscopus’, urging people to obsene th
Sun (Herschel to Sabine, 3 April 1857, RS:HS 15.28blar Spots’, The Times6 April
1857, p. 12). Yet ‘Helioscope’ was the word usedi¢scribe a small solar telescope built
by Christoph Scheiner in the early seventeenthucgnsee King (1955), pp. 41-42.

34 De La Rue (1860), pp. 149-153.

35 BAAS:CM, 27 June 1855; De La Rue to Herschel, t®0er 1856, RS:HS 6.137.
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starting the solar work at Ke#. At the same time, Welsh had the complex
additional task of setting up the new self-recogdimagnetic instruments designed to
work in tandem with the photoheliograph (Chapte®&gtion 3.4).

John Welsh’s final iliness that led to his eardath in May 1859 (see Section
4.4) further delayed the project by at least sinths, but even after Balfour Stewart
succeeded him in July 1859 the photoheliographamigs being used intermittently.
Some of the problems were of a technical nature:etf@mple, the Sun’s intense
radiation was causing stains to appear on the g1at@hen, for several months in
1860 the instrument was away from Kew for an exjp@dito Spain to photograph a
total solar eclipse (to be discussed in Section. 44 more fundamental problem,
though, seems to have been a lack of availableutabbthe observatory to make
regular use of the instrument. In November 18%9Kkw Committee reported that
‘occasional’ solar photographs were being takeo@sortunities arose, but that the
work was ‘necessarily much retarded for the wantd?hotographe?® The wet
collodion process, though it enabled much shortposures than older photographic
methods, had a disadvantage in that it was veuialmtensive: the plates had to be
prepared immediately prior to exposure and therogeg and developed while still
wet. Therefore two people were needed to prodota smages: one to take the
pictures at the telescope, the other to preparedandlop the plates. But the Kew
Committee did not have sufficient funds to hireexttra assistant to help with the
work. On the eve of the 1860 eclipse the Comnigtesport lamented that ‘unless a
special grant be obtained, the Photoheliograph neithain very little used® In
1861, after the instrument was back from the eelgspedition, it was decided that
operating the photoheliograph interfered too mugti wthe observatory’s already
very busy schedule and therefore De La Rue waglaskéhe Kew Committee, and
agreed, to set up and run the instrument at hafariobservatory at Cranford, to the
west of Londorf?

For a whole year, starting in February 1862, De Rae used the
photoheliograph at Cranford to take regular phaphbs of the Sun’s disc, showing

spots. By this time the technical problems hadchbesned out and the instrument

% De La Rue to Herschel, 28 September 1857, RS:H&6.
37 BAAS:CM, 14 September 1859.

38 BAAS:CM, 17 November 1859.

39 BAAS:CM, 27 June 1860.

40 BAAS:CM, 4 September 1861.
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was working to De La Rue’s immense satisfactionctwesidered that it could take
images ‘so perfect that much light would be throevmnthe physical constitution of
the Sun if the instrument were worked “with a wiltr a few years*! De La Rue
was assisted in the photography by a Mr Reynolts aad also assisted him at the
July 1860 eclipse and who was presumably the mtipf the £40 grant that the
BAAS Council had by then agreed to pay for a phapbic assistarfé Unlike the
various salaried assistants at Kew, Reynolds istamtised in the accounts included
with the annual reports of the Kew Committee ine¢hey 1860s, suggesting that the
money was paid privately to De La Rue rather tharthe Kew Committee.

De La Rue had no intention of keeping the phoiogehph permanently at
Cranford: in September 1862 he expressed the Ingpdy the time it had completed
a year's work there, steps would have been takehat@ it working at Kew or
somewhere els®€. Solar photography at Cranford was duly terminateBebruary
1863 and by early May the instrument had duly begark back at Kew. Soon after
then, the labour shortage problem was solved byl@nmg ‘a qualified assistant’ to
help with the photographic work. This assistantas named in the Council minutes
or Kew Committee reports, nor is any salary inctude the accounts, but in 1866
De La Rue revealed that the photographs were liaken by a ‘Miss Beckly'gic].
Elizabeth Beckley was the daughter of Robert Bgglllee mechanical assistant at
Kew who, among other things, had built the anememeatounted on top of the
dome. In 1871 Elizabeth would marry one of theeothssistants at Kew, George

Mathews Whipple (see Chapter 5). De La Rue claithatlthe photography

seems to be a work peculiarly fitting to a lady.uridg the day she watches for
opportunities for photographing the Sun with thatignce for which the sex is
distinguished, and she never lets an opportunitges her. It is extraordinary that
even on very cloudy days, between gaps of clougmwhwould be imagined that it
was almost impossible to get a photograph, yettisealways a record at Ket.

Robert Beckley lived with his family in the obsetwa, with his wife acting as the
building’s housekeepér. It is likely that Sabine had some part in theaicsf

41 De La Rue to Herschel, 14 September 1862, RS:HZ6.

42BAAS:AR, 1862; BAAS:CM, 22 November 1861.

43 De La Rue to Herschel, 14 September 1862, RS:H506.

44 De La Rue (1866), p. 77. The employment of ElhtBeckley is briefly mentioned by
Schaffer (1995), p. 271 and Le Conte (2011), p. 33.

45 KCM, 12 November 1853.
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employing Elizabeth Beckley, for in 1861 he sugegésthat Mr. Beckley should
have an assistant in his department of working imodvand metals, and in
photographic workto be found, if possible, by Mr Beckley hinigelfy emphasis}®
Significantly, Elizabeth Beckley’'s name does nopesr on the salary list in the
observatory’s annual accounts, nor is there anytiorerafter 1863 of a grant to
employ a photographic assistant. Yet a diary kdpKew in the 1860s reveals
occasional payments of £5 to ‘Miss Beckley, sugges that she was paid
piecemeaf’ Sabine, with his customary political adroitnessmd devolved
responsibility for the labour shortage problem @®éeckley, who had solved it using
casual labour from within his own family.

While woodwork and metalwork would doubtless natvdr been thought
fitting to a lady’, it is not difficult to imaginea father-daughter partnership at work
in photographing the Sun. The daughter might haaihed for precious intervals
of clear sky and operated the photoheliograph, evhdr father prepared the plates
and developed them after exposure. This is notoofrse, the first time that a
woman had been employed as a scientific assistimateed, going back to at least
the seventeenth century, women were sometimesdeg than assistants: Elisabetha
Hevelius in the seventeenth century actively madd analysed astronomical
observations with her husband Johannes HeveliutidaSaroline Herschel with her
brother William a century latéf. Moreover, in the early 1870s Elizabeth Beckley
would also help with analysing the results from sh@spot photographs (Chapter 5,
Section 5.5). However, this seems to be the sarlbase of a woman being
employed in the day-to-day work of astronomigddotography Yet although
women did not have a recognised role in scienpfiotography in the 1860s, they
were by no means excluded from the burgeoning fi¢ldommercialphotography.
Some prominent portrait photographers in the mitet@enth century were women
and one contemporary source notes that by 1873 w@oeounted for one-third of
all photographic assistarfts. In 1880s colonial India, a labour shortage pnoble
would again be solved when meteorological obsesaatin Madras came to be

reported to the government by Elizabeth Iris Pogganghter of Madras astronomer

46 Sabine to [Balfour Stewart], 6 July 1861, TNA: B29.

47'Sun diary’, 1863-1865, RGO 57/11.

48 Fara (2004), pp. 130-144 (on Elisabetha Heveliais)i pp. 145-166 (on Caroline
Herschel).

49 Cited in Becker (2011), p. 182.
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Norman Pogson, who had insufficient staff to copghwhe extra burden of
meteorological work® It is plausible, then, that the unofficial emplegnt of Miss
Beckley as ‘a qualified Assistant, under the imnagglsupervision of Mr. Beckley
reflected a contemporary trend.

We can see, therefore, that the establishmenblaf photography at Kew
was a much more complex story than the triumphealisation of Herschel’s vision
of a continuous record of the Sun’s changing spotl a view to understanding
nature of the Sun that had so intrigued him andfdtiser. Most importantly, the
instrument was paid for out of a private donatiand of the Royal Society. The
design and early operation of the ‘Kew’ photohelaggh was largely in the hands of
the self-funded man of science Warren De La Ruehe $taff at Kew were
preoccupied with other work and the Sun was phejgged by Beckley and his
daughter. The Kew solar photography programme matspart of any public
observatory, but very much a privately-funded atitie. This would also be a
characteristic of the best-known scientific workndawith the photoheliograph, to be

discussed in the next section.

4.4 The Kew Photoheliograph in Practice: the 1868olar eclipse and beyond

The most important single scientific result evertapied with the Kew
photoheliograph was derived from photographs oftthal solar eclipse of 18 July
1860, which was visible over southern Europe. [Tetdipses of the Sun are rare
events, visible only from narrow strips of the Batsurface. Very often, they can
only be seen from remote locations. In the mideteenth century, therefore,
expeditions to observe eclipses were difficult aodtly to organise. Interest in
eclipses had increased slowly but steadily amortgora@mers since the early
nineteenth century. Francis Baily’s discovery wisge ‘beads’ of light at the edge
of the Moon during an eclipse in 1836 led the Astrmer Royal George Airy to
become interested in eclipses. Airy personallyeoled the total eclipses of 1842 in
Italy and 1851 in Sweden. During both events, Aingl others had been particularly
intrigued by the mysterious red flames, known a®rgnences’, seen around the
edge of the Moon’s silhouette when the eclipse to#a. It was not then known

%0 Anderson (2005), pp. 280-281.
51 BAAS:AR, 1863, p. XXxviii.
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whether they were part of the Sun or fires on tivéase of the Moon, or even caused
by the Earth’s atmospheré.

The impetus to photograph the 1860 eclipse withpghotoheliograph came
from Warren De La Rue, who was one of those in&igby the prominences. To
photograph the prominences in sufficient detailpatinary telescope would not do,
because it gave too small an image scale. Thisiledto decide to use the Kew
photoheliograph, whose high magnification, combimath the sensitive collodion
plates, might render images of sufficient quality ¢olve the mystery of the
prominences® De La Rue obtained the Kew Committee’s permissmmse the
photoheliograph which was then, as noted in SeectiBninsufficiently used at Kew
due to the shortage of labotr.According to De La Rue, Airy offered, on his own
initiative, to apply to the Admiralty for the usé a ship to convey the party of
astronomers (including Airy) to northern Spain, veh¢he total eclipse would be
visible. Airy later confirmed that he had a susfekinterview with the First Lord
of the Admiralty, which led to the astronomers lgetrifered the HMS3Himalayafor
this purposé?>

In a classic example of the complexity of Victoriaclipse expeditiorss, a
special hut had to be built to house not only thetpheliograph but also a small
darkroom immediately adjacent to the instrumenttrsd the wet collodion plates
could be prepared just before exposure and dewelopenediately afterwards
(Figure 4.1). This portable ‘photographic obsemwdt was assembled from
prefabricated parts made in England. Severalafgbibotographic chemicals had to
be taken, to guard against the failure of onersehé remote observing locatiéh.
As Pang has emphasised, Britain’s imperial inftedtire was important to the
success of eclipse expeditions, but the 1860 olgpeifort was further complicated
by its location outside the British Empire, whicheamt the Foreign Office
negotiating customs barriers and De La Rue’s paatying on a network of local
geographical knowledge, at the centre of which aragneer Charles Vignoles, who

52 Rothermel (1993), pp. 147-150; Hufbauer (1991%4.
%3 De La Rue (1862b), pp. 333-334.

54 BAAS:CM, 27 June 1860.

% De La Rue (1862b), p. 355; Airy (1860), p.2.

6 Pang (2002), pp. 11-48.

57 Gassiot (1861), p. XXXV.
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at the time was helping to build the Spanish rajlwatwork®® The expedition was

nevertheless an outstanding success. De La Ruéisraksistants duly set up the
photoheliograph and hut at the village of Rivalsdlan northern Spain and the total
phase of the eclipse was seen in a clear sky. fhatographs taken at different
stages of totality successfully showed the promieen The movement of the Moon
over the prominences during the course of the sgliplus the perfect coincidence of
the positions of the prominences on both photograpbnfirmed for De La Rue the
solar origin of these features. Further corrobonatvas provided by photographs

taken nearby by Vatican astronomer Angelo Secathioginers’®

Figure 4.1 The Kew photoheliograph, observing hut and oleysrat the 1860 total solar
eclipse in Spain. Image courtesy Royal Astronoh&ceiety.

The harmonious involvement of Airy with the Kewpexdition might seem to

sit uncomfortably with the story told so far of & hostility to the (to him) upstart

8 pang (2002), pp. 121-143; Airy (1860), pp. 2-3.
59 De La Rue (1862b), pp. 407-415.
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observatory on the other side of London from Greehw However, it could be
argued that the 1860 eclipse expedition was ndtyraakew expedition at all. Of
the four men who assisted De La Rue with his eelgsotographs only one, Robert
Beckley, appears on the Kew Observatory salary. li3iwo of the assistants gave of
their services for free and the other, Reynoldss wavately employed by De La
Rue®® Balfour Stewart has no recorded involvement i eclipse. Neither does
Sabine, quite likely because the eclipse was ndirect part of his magnetic and
meteorological work. On 7 July, the day thienalayaset sail for Spain, Sabine was
writing to Stewart about the need to start contusuphotographic recording with
Francis Ronalds’ self-recording barometer — a thghty routine aspect of the work
at Kew®' The expedition was partly funded by £150 from ®Reyal Society
Government Grant; apart from the loan of a ships thas the extent of the
government’s involvement. In the event, the totat of the expedition amounted to
£512, the balance of £362 being paid by De La Ru&he 1860 eclipse expedition
can therefore be seen not as the work of Kew Obsany, but as an old-fashioned
partnership between government and wealthy amateunshich the government
provided sea transport and diplomatic supporttieiscience was funded largely by
the practitioners themselves. In this respecbielsome similarity to the transit of
Venus expedition of 1769, to which the wealthy pbs8anks contributed much
financial support, and to Herschel’s self-fundegeition to the Cape in the 1830s,
in which he carried out work for the governmentroatters such as education in the
colony®3

The Kew photoheliograph did, nevertheless, hageeat influence on solar
astronomy throughout the rest of the nineteenthucgrand beyond, in that it set a
precedent for solar photography at other obsenestor By the mid-1870s,
‘photoheliograph’ would be the name for a numbetedéscopes dedicated to solar
photography, of which many would be based closeltie original Kew design.
The earliest of these was set up at the observatowilna, Russia (now Vilnius,
Lithuania). The Wilna photoheliograph may have hadrigins in an 1858 visit by
De La Rue to Russia, where he had learned abouwipitmming 1860 eclipse. By the

60 Gassiot (1861), p. Xxxv.

61 Sabine to Stewart, 7 July 1860, TNA:BJ 1/29.
62 Gassiot (1861), p. XXXV.

63 Ratcliff (2008), p. 17; Ashworth (1998).
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summer of 1862 Dallmeyer — the successor to AndRess, who had built the Kew
photoheliograph — was building a similar instrumemtWilna, under De La Rue’s
direction; at the same time the Wilna observatodytector, Dr Sabler, visited De La
Rue to receive training on the Kew instrum&ntThe Wilna photoheliograph was
working two years later and, with a brief interioptcaused by the illness and death
of Sabler and his assistant, remained in operatimughout the rest of the 186Us.
In 1872 Airy rated the photoheliograph highly enlodlgat he acquired it in order to
take daily solar photographs at Greenwich aftersthlar observation programme at
Kew was terminated. The Kew photoheliograph waseseded in 1875 by a new
telescope closely modelled on the Kew instrumeeg¢ (Shapter 5, Section 5.3). In
the same way in which it had become prestigiousirietrument standardisation,
geomagnetic observations and meteorology, by tlie1®70s the name ‘Kew’ had
become associated with solar photography.

But the main object for which the photoheliographis used in the 1860s —
the study of sunspots — would provide a mass & thatt would be used by Balfour
Stewart, superintendent of Kew Observatory from 918%H support of theories
linking solar activity with terrestrial weather anthgnetism. Stewart’s work on the
postulated causes and terrestrial effects of saletivity, and the resulting
controversy that would be partly responsible favwgirt's resignation from Kew in
1869, is the subject of Section 4.5.

4.5 Balfour Stewart and Sun-Earth connections

For all John Welsh’'s unrecognised role in the osgiof the Kew sunspot
programme, he did not have the chance to direct iractice. By 1858 he was
suffering from serious health problems that presénhim from completing the
magnetic survey of Scotland and also from attendhag year's BAAS annual
meeting at Leeds, Welsh being ‘only fit to be hahdeer to the Doctor*® In late
November, in the hope of improving his conditios, laft Kew to stay in Falmouth,
Cornwall with Samuel Fox, a friend and magnetideague of Sabine — a further

indication of Welsh'’s closeness to the latter. efidr to his doctor indicated possible

% De La Rue to Herschel, 14 September 1862, RS:HEEBAAS:AR, 1862, p. XXXVii.
8 BAAS:AR, 1870, p. xlviii.
6 Welsh to Sabine, 27 September 1858, RS:Sa.1764.
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tuberculosis, in several places as well as thesfihdde remained active through his
iliness, but he did not recover. He died on 11 NI&§9, aged thirty-fout®

Balfour Stewart began work at Kew on 1 July; a thotater the Kew
Committee officially appointed him as John Welslisccessot? As noted in
Chapter 3 (Section 3.4), Stewart had worked at ldsvan Assistant Observer from
March to October 1856 and during his brief stajnhd made a name for himself by
inventing a new type of thermometer. This expameat Kew made him, according
to the Kew Committee, ‘peculiarly fitted’ to be thew superintender®. In some
ways he had a similar background to Welsh: he wasfpur years younger, born
into a middle-class family of Scottish merchantsl atudied natural philosophy at
Edinburgh under James Forbes. He might therefeeensto be Welsh’s ‘natural
successor’ at Kewt but in fact the Committee reported that Stewars wae of six
applicants for the post. One of the other apptEavas James Breen, who for eleven
years had worked as an assistant astronomer tesJahadlis, Plumian Professor of
Astronomy at Cambridge University; Breen’s appiimathad come with Challis’s
recommendatio? That it attracted an applicant — and a referegstch distinction
is a sign that the most senior paid position at Keg becoming highly sought after.
In addition, back in 1855 James Forbes had not baegservedly enthusiastic about
Balfour Stewart when Welsh had asked about hirimg &s an assistant; he wrote
that Stewart was scientifically competent and hopedvould be hired, but that ‘his
manner is at first a little dry.” This was afteorbes had earlier written that he
wanted to see more of Stewart’'s capabilities befoonmitting himself to
judgement® However, the Committee selected Stewart for thsitipn on the
grounds that Welsh had ‘repeatedly expressed t€ki@érman his desire to have the
assistance of Mr Stewart’ and that all the othershe Kew staff wanted Stewart to

be appointed?

67 Welsh to Sabine, 6 December 1858, RS:Sa.1767; dainkox to [headed ‘Copy; to Dr
Bence Jones’], 27 December 1858, RS:Sa.1768.

8 Anon. (1859-1860), pp. XXXiv-XXxviii.

69 KCM, 1 August 1859.

0BAAS:CM, 14 September 1859.

"t Anderson (2005), p. 145.

2KCM, 1 August 1859; Clerke and Gross (2004); Hitst{2008), pp. 70-71 and 126.

3 Forbes to Welsh, 18 December 1855, TNA:BJ 1/9h€serto Welsh, 20 October 1855,
TNA:BJ 1/9.

4 KCM, 1 August 1859.
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In fact, Stewart was different from Welsh in somgportant ways. Since
leaving university as a very young man, Welsh hadked under the patriarchal Sir
Thomas Brisbane at the Makerstoun Observatory eefooving on to become
Sabine’s faithful subordinate at Kew. Stewart,dontrast, had spent his first ten
years after university outside science altogetimea, business career that culminated
with a short spell in Australia. After his shontst period at Kew, he returned to
Edinburgh to work as an assistant to Forbes inhiegcand laboratory work. He
was able to do some research of his own; durirgggériod he published what turned
out to be his most important work, in which he skdwthat radiation did not
emanate just from the surface of a body but wortkedughout that body — rather
like absorption, to which, as Stewart showed, tamhiawas equivalent, anticipating
Kirchhoff and Bunsen’s ground-breaking 1859 radmtilaws and triggering a
priority dispute with Kirchhoff. This and other gers by Stewart showed a strong
theoretical bent as well as considerable grounttirexperiment® Therefore by the
time he returned to Kew in 1859, Stewart was a reatuan who had established a
firm reputation as an independent scientific redear. In addition, he was used to
working on his own initiative in a university eneirment that concentrated on
teaching and research — very different from thehllyigutilitarian work such as
instrument standardisation that formed the backlufribe regime at Kew. He was
less likely to be comfortable in the humble posittbat Welsh had accepted, for all
the latter’s originality as an experimentalist. iSTheeds to be taken into account
when we try to understand Stewart’s actions asrsupadent at Kew over the next
decade.

Stewart’s career at Kew began, almost literallghwa bang. On the morning
of 1 September 1859 Richard Carrington, scionwegalthy brewing family with the
means to practice astronomy full-time, was rouyingbserving the Sun from his
observatory at Redhill, Surrey, when he noticedaia pf intensely bright points of
light appear in front of a large sunspot group. eOthe next five minutes these
moved perceptibly across the sunspot before fadiogm view. At the time,
Carrington was one of Britain’s most respected pla®nal astronomers, with a

reputation as a meticulous cataloguer of star jpositas well as a solar observer.

> The dispute between Stewart and Kirchhoff and ttesipective supporters is described in
Siegel (1976). The most detailed biography of amtvis by Schuster (1888). Other
biographies can be found in T[ait] (1887), Schugt®B2), and Hartog and Gooday (2004).



137

His September 1859 observation was part of a leng-tprogramme of visual
sunspot recordings in the manner of John Herschegfully plotting sunspots on a
projected image. Carrington carefully noted thartsand finish times of this
‘singular appearance’, as he called it. His obketgon of the brilliant points of light
was confirmed by another British astronomer, RidhBlodgson, who had been
observing the Sun at the same time, and both [atesented accounts of their
observations at a meeting of the Royal Astronom@&atiety. One or more days
after 1 September, Carrington visited Kew Obsemyatpresumably to see whether
any photographs had been taken of the event watipliotoheliograph. According to
a later account by Charles Chambers, by then the# nlagnetic observer at Kew,
Stewart was away when Carrington called, so Chasnhienself received him. The
photoheliograph was still used only intermitter(gge Section 4.3), and no pictures
of the Sun had been taken on 1 September. Howtreseveral days before and
afterwards the self-recording magnetometers haidtezgd wild variations, an event
known as a ‘magnetic storm’, and great displaythefaurora were seen from many
parts of the world, including London. When Cartomgand Chambers examined the
magnetometer traces for 1 September they immegiatdlced a pronounced jump
at the exact time when Carrington had seen thegpofright on the Sur®

The phenomenon witnessed by Carrington and Hodgsas well as the
magnetic disturbances in the days around it, séernave sparked Stewart’s interest
in the Sun and its relationship with terrestrialgmetism, as Stewart's published
work and correspondence after 1859 shows a didtineing towards this topic. In a
paper published in the Royal SocietyPsoceedingsn 1861, Stewart described the
1859 disturbances as recorded at Kew and propopedsible explanation, that the
longer-term disturbances lasting hours were cause@ large ‘primary’ electric
current emanating from the Sun, while shorter amdensudden disturbances were
due to slight variations in this current that inddsecondary currents on the earth’s
surface and atmosphere, the latter causing aufér&abine, in a powerful position
from 1861 as President of the Royal Society, tomaginterest in the Carrington
event and initially showed broad agreement with ynah Stewart’s views on the

magnetic disturbances. Sabine was happy to sgeculth Stewart about the 1859

6 Carrington (1859); Hodgson (1859); Stewart to Bepi4 November 1859, RS:Sa.1380.
" This is now known to be a powerful and extremalgrtype of solar flare.
8 Stewart (1861).



138

event. He himself wrote to Stewart about a ‘cusitheory’ advanced by Emmanuel
Liais, chief meteorologist at Paris Observatoryjonhproposed that the Sun’s heat
was being continually replenished by ‘aerolitesefeors) falling into it; the friction
of these bodies falling through the solar atmospleused electricity and hence
sunspots and magnetic disturbances. Moreoveintence of these aerolites, and
hence sunspots, was ‘regulated by the attractibtiseoplanets near the Sun, and to
have then nearly a decennial period, (due to teatgnfluence of Jupiter)’. In the
same letter Sabine wrote approvingly of Stewartialgsis of the 1859 evefi.
Similarly, when Stewart thought that he had foundoarelation between sunspot
activity in the Sun’s southern hemisphere and mtgndisturbances on Earth,
Sabine thought his enquiry ‘well worthy of beindidaved up’8°

More dramatic was Stewart and Sabine’s agreemreatrelation between the
Sun and displays of the aurora. In August 1862w&te revived (without
acknowledgement) Herschel’'s 1852 assertion thatetiélames seen during eclipses
were aurorae on the Sun (Section 4.3). Sabinenelsa enthusiastically and took
the speculation further, suggesting that the salaorae’ triggered aurorae on Earth
and wondered whether ‘all the planets participatsuch appearances, though we
may never attain to their observation’. Stewarprezsed himself ‘delighted’ at
Sabine’s agreement and suggested a variety of \@ig®ral evidence in favour of
the red flames on the Sun being aurorae, inclutheg red colour, their possibly
changeable appearance and their greatest frequawingiding with periods of
magnetic disturbance on Earth. As to Sabine’s ssifmn that aurorae might occur
on all the planets, Stewart wondered whether ‘gesh®r De La Rue could
photograph one [of the planets] during an Aurord ascertain thi¥! Stewart
publicised his views on the red solar ‘protuberahaethePhilosophical Magazine
a scientific periodical which, as Crosbie Smith hated, had a large readership and

was receptive to articles with a speculative eldmenStewart gave full

® Sabine to Stewart, 26 November 1860, TNA:BJ 1/29.

80 Stewart to Sabine, 18 October 1861, RS:Sa.14598in&do0 Stewart, 21 October 1861,
TNA:BJ 1/29.

81 Stewart to Sabine, 27 August 1862, RS:Sa.1479in8ab Stewart, 31 August 1862,
TNA:BJ 1/30; Stewart to Sabine, 1 September 182SR.1481. Photographic technology
was not then capable of photographing aurorae bergilanets, but in 1997 the Hubble
Space Telescope photographed aurorae around the gioGaturn, believed to be caused by
particles from the Sun — over a century after thisal prediction by Sabine and Stewart
(Van Allen and Bagenal (1999), p. 50).
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acknowledgement to Sabine for the idea that thec®uid trigger aurorae on other
planets?

It was partly for his work on relations betweenramae, magnetic
disturbances and earth currents that Stewart weteel a Fellow of the Royal
Society in June 1862, thus putting him on an egqugntific rank with John Welsh,
his deceased predecessor at K&wYet his election certificate and his 1 September
1862 letter to Sabine both indicate another pregaion of Stewart’s: fundamental
physics. Stewart's work on radiation formed pafrttlee citation for him being
elected FRS and, as noted above, had been thesigogicant achievement of his
scientific career before he became superintendeitew. Now, in his reply to
Sabine, Stewart envisioned the electric currenttethiby the Sun as being in two
components, one moving towards and the other away the Earth, and that the
total magnetic action experienced on Earth wasdifference between the two
components. He suggested that sunspots coulddadsin one of these currents
and that such a break represented a small changieeivalue of one of these
components which could, in his words, ‘produce veoyerful effects® This idea
that small changes in the Sun’s output could predumwerful effects elsewhere in
the universe would shortly become important in Sig\w scientific writings, as we
shall see below.

Stewart soon went much further in his exploratiom® the causes and
effects of sunspots. From 1864 he collaborated series of papers for the Royal
Society that carefully described the changing pmsit of the spots and levels of
solar activity, the latter being estimated by meaguthe total area of the Sun’s
surface covered by sunspots as shown on the pHiotpfagoh images. Stewart’s co-
investigators were De La Rue, who designed a spew@ahine for measuring the
sunspot areas, and Benjamin Loewy, an assistapomstle for reducing the
measurements to a publishable form. Stewart claomnisave taken on Loewy in
early 1864 at a salary of £60 per anrftinget he does not appear on any of the Kew
salary lists published in the BAAS reports. ltikely that his salary was paid by the

wealthy De La Rue, especially as some of Loewy'saspondence with Stewart

82 Smith (1998), p. 63; Stewart (1862), esp. p. 304.

8 Balfour Stewart, Royal Society Election Certifieal862, RS:EC/1862/12.
84 Stewart to Sabine, 1 September 1862, RS:Sa.1481.

8 Stewart to Sabine, 17 February 1864, RS:Sa.1512.
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bears the letterhead of De La Rue’s Cranford olagery. Little is known of
Loewy’s life, though we do know that before comitwg Kew he worked as an
assistant at the Flagstaff Observatory in Melboursestralia, a magnetic and
meteorological observatory whose regime seems\e haen similar to that at Kew
in its early year§® According to Arthur Schuster, Loewy had come @aKon the
recommendation of the Flagstaff Observatory’s dinec Georg Balthasar von
Neumayef’

From the early 1860s, Stewart also began usind<#ve sunspot results in
support of his theoretical researches. In Apribd$e read a paper to the Royal
Society of Edinburgh in which he claimed to haveunfd, using data from
photoheliograph images, a correlation between eaks of sunspots at certain
longitudes of the Sun’s surface and the drawingyaefaplanets from above those
longitudes. Later in this paper it becomes clbat Stewart had much broader aims:
he explained that spot production is suppressechvehplanet approaches the Sun
due to ‘the preferential radiation’ of the smalberdy towards the larger one. This
radiation, according to Stewart, is caused by thaller body’s motion through the
ether — the invisible, all-pervading medium whightbe mid-nineteenth century had
become important in theories of light and heat pgapion, thanks to the widespread
acceptance of the wave theory of light and theiegipbn of analytical mathematics
to the science of opti®. In the vanguard of this mathematical ether ptsysiere
Stewart’s fellow ‘North British’ natural philosopteJames Clerk Maxwell and Peter
Guthrie Tait. Stewart gave Tait partial credit tbe idea of bodies radiating due to
their motion. In his paper he likened the radm@ffects of moving bodies in space
to those of atom® Three months later, in a letter to Sabine aboagmetic
disturbances, he expressed the belief that an staaeling of motions and their
effects on the interplanetary scale might in faglphus to understand motions at a

molecular level:-

| feel it difficult to conceive how we can ever thaghly ascertain the real nature of
molecular forces unless we have some natural [gis&)yto guide us such as that
which supposes the planetary & solar systems —et@rba large scale what the

8% BAAS:CM, 14 September 1864; ‘Flagstaff Observatory1858-1863’,
http://museumvictoria.com.au/collections/themesfl&gstaff-observatory-1858-1863.
87 Schuster (1932), pp. 213-214.

8 Stewart (1864); Cantor and Hodge (1981), pp. 49-50

8 Stewart (1864).
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atomic systems are on a small. If this be true @f the utmost importance to study
those cosmical forces [?]led on a large scale wivielhave the opportunity of doing

in order perhaps to arrive at the nature of thoselwact on so small a scale that we
cannot directly investigate théfn

This is the earliest recorded instance in whichw&te used the word ‘cosmical’
when referring to fundamental physical theory.tha years to come he would return
to this ‘cosmical’ theme when attempting to explagtations between the Sun,
geomagnetism and meteorology, notably in his inealdecture when he took up the
Professorship of Natural Philosophy at Owen’s Qul|léVlanchester in 1878.

For Stewart, the ether was crucial to understantiiese ‘cosmical forces’.
Stewart and Tait believed that moving bodies degsip their energy via friction with
the ether: in December 1863 Stewart informed Salwhean experiment that
appeared to show that a rapidly-rotating disc halightly higher temperature than a
stationary one, due to its motion ‘through ethefsat] space’. He now proposed
using part of a £50 Royal Society Donation Fundhgta construct an apparatus to
test the heating of a rotating disc in a vacuunag thliminating friction with the air
as a source of heatifig. The results were published in two paperRiaceedings of
the Royal Societyn 1865: again the rotating disc produced a snyall,detectable
heating effect® In a letter to Sabine — though not in either pap&tewart asserted
that: ‘If we thoroughly prove these results theyl wifancy be connected with

celestial appearances and sun spots...’, again makiligk between the sunspot
measurements and Stewart’s wider physical theblyalso asked if it were possible
to have another £25 in order to complete the ingason®* Two months later
Stewart was again asking for money (‘I do not thih&t more than £100 would be
necessary’) for another experiment to test the thlaha small body radiated more
heat (via the ether) when close to a large body tit@en further awas?

Crosbie Smith and Graeme Gooday have argued hkatliiving influence
behind all these ideas was the strong religiouvictaons of Stewart and others in

the North British group, who saw a need to deferf@haistian cosmology against

% Stewart to Sabine, 12 July 1864, RS:Sa.1515.

1 Gooday (2004), p. 130.

92 Stewart to Sabine, 29 December 1863, RS:Sa.1510.

% Stewart and Tait (1865a); Stewart and Tait (1865b)

% Stewart to Sabine, 17 February 1865, RS:Sa.1538.

% Stewart to Sabine, 27 April 1865, RS:Sa.1540; Stewo Sabine, 13 May 1865,
RS:Sa.1544.
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natural philosophers of a materialist persuasionstrmotably John Tyndall, who
exploited the now fashionable principle of the aamation of energy to argue for a
purely deterministic universe. The North Britistogp believed, in accordance with
the Scriptures, that the universe had a finitetitife and so that all the energy
contained therein would eventually have to be pasd. The ether offered a
medium through which energy could be dissipatethout violating the principle of
the conservation of energy. Stewart’'s best-knoveferce of his Christian
cosmology was the 1875 popular boke Unseen Universeo-authored with Tait,
which became a widely-read statement of the caséhéo compatibility of science
and religion®® Yet Stewart was arguing the same case while he stil
superintendent at Kew. In the second of two asidbr the semi-popular literary
and scientificMacmillan’s Magazing published in July and August 1868, Stewart
argued for a ‘principle of delicacy’, in which ti&un had an extremely sensitive
molecular structure which could easily be affedbgdhe changing positions of the
planets Venus and Jupiter, thus causing sunspdtsrio He likened this principle
to a similar one that he believed existed in hurbamgs: human thought, he
believed, required a minuscule input of energy,cogetld cause huge change, in the
same way as that the tiny amount of energy invoiagulling a trigger could have a
lethal effect. From this he inferred that a ‘SupeeIntelligence’ might have a
massive influence through exerting tiny amountsiérgy through the ‘delicate’
universe’’ Something like this ‘principle of delicacy’ cae bliscerned in Stewart’s
1 September 1862 letter discussed above, in whecsuljgested that a small change
in the Sun’s electrical output could ‘produce vpowverful effects®®

Stewart co-authored botMacmillan’s Magazinearticles with J. Norman
Lockyer, an astronomer and science writer who i681®as soon to shoot to fame
for co-discovering (with French astronomer Pierems$en) that the Sun’s ‘red
flames’ could be studied outside an eclipse by meadrthe spectroscope, and also
for the discovery of a new chemical element ingbkar spectrum, which he named
‘helium’.®® By 1868 Lockyer was a close friend of Stewart &y would remain

collaborators long after Lockyer foundéthture the following year. While it is

% Smith (1998), pp. 253-255; Gooday (2004), esfi2g.
9 Stewart and Lockyer (1868), esp. p. 327.

% Stewart to Sabine, 1 September 1862, RS:Sa.1481.
% Meadows (2008), pp. 51-60.
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reasonable to suppose that these two came to kaolw @her at meetings of the
Royal Astronomical Society in the early 1868%archival evidence suggests that
Lockyer also visited Kew in this period. On 6 Jarnul1863 Sabine informed
Stewart that he had ‘had an application for a Mockyer of Wimbledon to be
allowed to see the Observatory. | do not know wialy be the amount of his
instrumental knowledge or interest.” Stewart reglihat he would be happy to show
Lockyer around®® Sabine’s reference to ‘a Mr. Lockyer’ demonstsatew little-
known Lockyer was in the early 1860s, when he wasgking full-time at the War
Office and his astronomical activities were oftestricted to evening observations
from his garden in Wimbledon. If Lockyer visitede®art at Kew sometime in
January 1863, the two of them would have had tipopnity to exchange ideas in
private, away from the hubbub of London scientifieetings, at precisely the time
when Stewart was developing his ideas on the autdedicacy’ and ‘cosmical’
forces and Lockyer was open to new ideas at thebieg of his career.

Exactly what Sabine thought about all this theogsby Stewart and his
friends is not known, because he does not refeérdioectly in published reports and
some of his letters from the mid-1860s are mis§iogn Stewart’s papers in the Kew
Observatory archives. But from the defensive tohsome of Stewart’s replies we
can tell that Sabine had at least some reservatidie example, his theory of
planetary influences on sunspot formation must H@en too much for Sabine, for
in January 1865 Stewart wrote, regarding a papehignsubject that he had sent to
the Royal Society: ‘I do not think that sun spote the work of venuss|d’; he
thought merely that Venus had ‘the effect of retinta the phenomena the
predisposing cause of which is to be looked foewetsere’l%? His 27 April proposal
to spend £100 on an experiment to test the radiaifoheat from a small body at
varying distances from a large one could not haaenbwell received either — and
not only by Sabine, for it seems from Stewart’'s NIdy response that George
Gabriel Stokes, Lucasian Professor of MathematidSaanbridge and Secretary of
the Royal Society, found the idea ‘speculativetev@art responded with a strident

reminder to Sabine that:-

100 Gooday (2004), p. 119.

101 Sabine to Stewart, 6 January 1863, TNA:BJ 1/3ewatt to Sabine, 8 January 1863,
RS:Sa.1496.

102 Stewart to Sabine, 16 January 1865, RS:Sa.1535.
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there is no doubt from your own observations thate is a connexion between the
sun & the earth different from a mere gravity ieffice | need only allude to the
connexion between sun spots & magnetic disturbances

Stewart conceded ‘that we tried to push the thingam fast’ and proposed to just
carry on with the rotating disc experiméfit. Stewart was still defensive about his
rotating disc experiments in December 1866: rafgrto a less than enthusiastic
response to his latest paper on this subject redatlet Royal Society the previous
evening, he emphasised to Sabine that the hedfexy ebserved in the rotating disc
‘is a new result — both [William] Thomson and Maxiensider that a new fact has
come to light’ — strategically deploying two of theost prestigious names in 1860s
physics!®4

Gooday has argued that Stewart, as a theory-dnaaral philosopher,
sought to understand the big picture of meteorgloggomagnetism and solar
activity as part of his ‘cosmical’ view of physic3.o this end he insisted, against the
wishes of the Kew Committee, on recording levelatmhospheric water vapour as
part of an attempt to understand large-scale athergp dynamics, and he also
unsuccessfully asked Sabine for a full ten yearsithivof magnetic results with a
view to understanding the relationship betweenShe and terrestrial magnetism
over an entire sunspot cycle. Both requests briohigh into conflict with Sabine
and Gassiot: their aims took the form of ‘a gendety “natural history” of
meteorological observations’ that involved collagtiand presenting large amounts
of data as an end in itself, with no need for amgotetical extrapolation from the
results. The conflict led ultimately to Stewant&signation from the observatot¥.
It is certainly true that Stewart conflicted witlal$ne over both requests: he was
only able to complete the ten-year magnetic talmriatwith a donation of £400
from Gassiot’s personal forturi® and, as we shall see below, he made water vapour
recordings a condition of withdrawing his resigoatin 1869. A further reason for
personal animosity between Sabine and Stewart gdhbel noted: as Smith has

pointed out, Sabine was a good friend of Tyndalkwart’'s arch-opponent in the

103 Stewart to Sabine, 13 May 1865, RS:Sa.1544.

104 Stewart to Sabine, 7 December 1866, RS:Sa.1580.
105 Gooday (1989), pp. 32-40, esp. p. 32.

106 BAAS:AR 1870, p. Ivi.
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‘unseen universe’ debat in addition, Sabine and Tyndall were both fronsHri
Protestant backgrounds and so might have felt ahinin terms of religious
background.

But in 1865, the situation at Kew was complicabgda personal tragedy. On
30 April Robert FitzRoy, head of the Meteorologi@épartment of the Board of
Trade, committed suicide. It was widely believeddontemporaries that FitzRoy
took his own life partly due to a highly-strung fe@nament but also because he had
become demoralised by increasing criticism fromemitiic colleagues of the
accuracy of his weather ‘forecasts’ (FitzRoy’s ot@rm). Within days of FitzRoy’s
death, the Board of Trade asked the Royal Societyaflvice as to how the
Meteorological Department should be run in the reituSabine, as President of the
Royal Society, took the initiative at once. Hengl the chorus of those criticising
the ‘unscientific’ methods of the Department unBigzRoy and as early as 15 June
1865 wrote a letter to the Board of Trade, calliftgy a larger number of
meteorological observations to be made. HithdrgoDQepartment had only collected
observations made at sea, but now, to bring Britaia line with other nations,
Sabine called for observations to be made on lartie British Isles as well as at
sea, and that these land observations should tetezbland published at a ‘central
office’. Most importantly, in the same letter lereommended that Kew Observatory
could be used ‘as the central meteorological statm standardise and supply self-
recording instruments to a string of land obsemwesodistributed in a north-south
line across the British Isles, and to receive tmuiting observation$® The Board
of Trade appointed a committee, with representativem the Admiralty and the
Royal Society as well as the Board, to report an Meteorological Department’s
current activities and draw up recommendationstéaiuture.

The Royal Society’'s representative on this conemitivas Francis Galton,
who was then best-known as a meteorologist ancogrgpher. A leading member
of the Royal Geographical Society, in 1863 he habliphedMeteorographica a
book on mapping the weather. Because Galton chaive committee, the report
that it presented to parliament on 13 April 1866 hacome known to historians as

the ‘Galton Report!® It criticised the Department’s data gatheringhoes under

107 Smith (1998), pp. 178 and 179.
108 Sabine to T H Farrer (Board of Trade), 15 June&186Board of Trade (1866), pp. iii-v.
109 Burton (1988), pp. 59 and 255; Walker (2012),(. 6



146

FitzRoy and, especially, the weather forecasts.mtich controversy among sailors,
members of Parliament and the wider public, it nee@nded that both the forecasts
and FitzRoy’s system of storm warnings (the laétgpecially popular with sailors)
should be suspended until such time as they coelgdldced on a scientific basis.
The collection of data, the report stipulated, $titonow be supervised by ‘a
scientific body’; alternatively, Kew Observatoryutd be adapted for this purpose.
As in Sabine’s June 1865 letter, the report reconted a series of six
meteorological observatories, each with an idehsietof self-recording instruments
and that Kew become the nerve centre to which fdaa these outstations should be
sent!®

Galton has received credit for writing the repdrt.support of this assertion,
Katharine Anderson has noted that he was the oelyloer of the committee who
(like his cousin, Charles Darwin) had ample indejggt means with which to
pursue his scientific interests and so had timelraw up the repoftt! But the
report’s recommendations for the land meteoroldgateservations clearly bear a
suspicious similarity to Sabine’s June 1865 lettethe Board, especially the idea
that Kew should become the central observatory.ltoGavas a good friend of
Sabine’s and shared the latter's predilection fathgring large quantities of
statistics. He had also been a member of the Kemrfiittee since 1860 and had
begun supervising the testing of sextants at Kewcannection with his Royal
Geographical Society work; he seems to have comethadough authority to have
had some stone posts erected in the observatomdsan connection with thid?
A letter from Galton to Sabine, written just aftére report was published and
explaining his reasoning behind it, is particuladyealing. Galton’s suggestions for
‘putting the whole of the meteorology into the handf Kew’' and that the

reconstructed Meteorological Department would actaabranch office in London’

reporting to Kew would have been music to Sabieeis!!® That Galton probably
colluded with Sabine in the so-called ‘Galton Rép@ consistent with Sabine’s

110 Board of Trade, (1866).

111 Anderson (2005), pp. 123-124.

112 BAAS:CM, 28 June 1861; Galton to Stewart, 5 JuB6d, TNA:BJ 1/24. In his
autobiography, Galton notes Sabine’s influenceringing him onto the Kew Committee.
(Galton (1909), p. 225) The minutes of the Kew @uttee confirm that Galton was elected
to the Kew Committee ‘on the proposition of Gerdbiie’ (KCM, 28 May 1860).

113 Galton to Sabine, 16 March 1866, RS:Sa.586; dtsd i Anderson (2005), p. 140 and
Burton (1988), p. 58.
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track record of manoeuvring behind the scenesheae his aims. In the sense that
it gave Sabine control over British land meteorglogia Kew Observatory, the
report is an echo of Sabine’s machinations, desdrib Chapter 2 (Section 2.3), for
a meteorological and magnetic observatory indepgndé Greenwich. Indeed,
Sabine’s and Galton’s proposals did not include awig for the Magnetic and
Meteorological Department at Greenwich. Predigtatilis angered George Airy,
who began a heated correspondence with the Roya¢tgdCouncil, asserting that
even Kew's ‘very respectable position’ did not jfysthe Council ‘in absolutely
setting aside all notice of the Government Obseryat The Council took no action
on this lettet!* This was not long after a separate dispute,earli the 1860s, in
which Airy had challenged Sabine as to the necgesditcontinuing the magnetic
observations at Kew while the same observationsewszing carried out at
Greenwich. Airy believed that this work was beshe at Greenwich. He gave his
reasons for this view in an address to the Gredn®aard of Visitors, in which Airy
claimed that he saw it as his duty ‘as National €=’ to measure and print the
figures shown by the Greenwich instrumerts.Now, the new proposals by Sabine
and Galton once again challenged Airy’s prestigihasNational Observer'.

Making Kew the central meteorological observatavith responsibility for
reducing, tabulating and publishing the resultsnfrihe six proposed outstations as
well as standardising and inspecting the instrusémt these observatories, would
dramatically increase its workload — and that sfstiperintendent. Stewart gave his
reactions to the Galton Report’s proposals in &eseaf three letters to Gassiot, the
first written a month after the report was publgheStewart said that he would
decline to remain as superintendent if Kew wereb& dedicated entirely to
meteorology, or if his job were to be divided imte posts, one running the current
work being done under the BAAS and the other waykor the Board of Trade. But
if both branches of work were to be placed under director, Stewart said he would
be happy to remain in the positib\i. His only reservation was about the reductions

of the land observations. He asked if these cbeldlone elsewhere, as the Board

114 Airy to George Gabriel Stokes, 31 March 1866, RS:K1317; RS:CM, 19 April 1866.
Airy’s letters to the Council are briefly referréal in Anderson (2005), p. 143 and Walker
(2012), pp. 59-60.

115 Address to the Visitors of the Royal Observat@yeenwich, by the Astronomer Royal’
(confidential), January 1863, RGO 55.

116 Stewart to Gassiot, 17 May 1866, RS:Sa.1571.
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was planning to do with the marine observatitrisBut the Kew Committee does
not seem to have entertained this possibility, el thhey might not, given Sabine’s
desire for control over the observations: ‘the Supendent of Kew Observatory
should also be responsible reducer of all the ebsiens.” Stewart nevertheless

agreed to put his name forward to continue in tile and agreed to ‘make every
possible arrangement to devote my whole time taodtitees of this office’. He also
solemnly agreed to cease work on the experimentedsedoing in collaboration
with Tait (presumably those connected with ether) also to stop spending any
time on the sunspot investigations after he hadted the paper he was currently
writing with De La Rue and LoewA}®

Stewart also expressed the belief, apparentlyisrofwn initiative, that the
Kew Committee’s duties under the proposed new regirould be eased if they had
the services of a secretary who would ‘make himaetjuainted with the whole
concern & who might be always at hand’. Stewaghtlkiolunteered himself for this
position: ‘I think that, if not at the very first &ast ultimately the Supt. of the Kew
Obsy might undertake this officé*? In October 1866 the Kew Committee and the
Council of the Royal Society held a joint meetiagj,which it was agreed that the
system of meteorological observatories would belyia ‘Superintending Scientific
Committee’ whose members would be unpaid but winolkild need ‘a competent
paid Secretary’ — five months after Stewart hadumtdered his servicé$
Stewart’s putting himself forward and, indeed, =sgimg the creation of the
Secretary’s position, may have been because het ssran opportunity to increase
his salary, which was still just £200 per annumll wkort of that earned by James
Glaisher, head of the Magnetic and Meteorologiagh&tment at Greenwich. It was
with the aim in mind of increasing his annual ineto £400 that in 1861 he had
written to Sabine to explore the possibility of ko taking on the position of
Secretary to the BAA®! By the mid-1860s, Stewart was married with a ypun
family, so he would have had an additional mottventrease his income.

Stewart’s hopes of a pay increase were rewardezhwh January 1867 his

salary was increased to £400, on the understanthay he served both as

117 Stewart to Gassiot, 28 May 1866, RS:Sa.1572.
118 Stewart to Gassiot, 7 June 1866, RS:Sa.1573.
119 Stewart to Gassiot, 28 May 1866, RS:Sa.1572.
120BAAS:CM, 4 September 1867.

121 Stewart to Sabine, 7 October 1861, RS:Sa.1458.
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superintendent of Kew Observatory and as Secret@ryhe Board of Trade’s
Scientific Committee, by now renamed the MeteorimalgCommittee. This new
committee, chaired by Sabine, had eight membars,df whom were either on the
Kew Committee or had served on it recentfy. Robert Henry Scott was appointed
as FitzRoy’s successor at the head of the Metegicdb Department, very likely
through his friendship with Sabitfé — another indication of Sabine’s desire for
control over the meteorological observations. By $ummer of 1868 self-recording
instruments had all been verified at Kew and serthé observatories which were
established at Falmouth, Stonyhurst (Lancashiregsgew, Aberdeen, Armagh and
also Valencia on the west coast of Irelaffd.

Stewart’s fears about the increased workload aw lseon proved to be
justified, as the new observatories were soon sgndiflood of data to the central
station. In January 1867 his request for someaexioney to pay Loewy to help
with the reductions went nowhel®. Stewart’s further complaints six months later
brought some stern admonition from Gassiot, wholaamed to Stewart that his
requests for assistance had always been treatbdtiaét most liberal spirit’, but that
he had to ‘bear in mind that in addition to youties of Superintendent you have
also undertaken those of Secretary and ... you ae[dbrtain?] & responsible
officer of the Meteorological Committee’. Gassestded the letter with a warning
that Stewart would now have little time for expesmbts requiring his_‘personal
investigation’}?® Stewart did manage to hire a junior assistarttSaine’s letter of
31 July, setting out how this assistant should logleyed, again has the tone of a
schoolteacher disciplining a wayward pupil: whilaitimg for the meteorological
data to come in, said Sabine, the ‘youth’ shouldebgployed in tabulating the
magnetic results, as Stewart would find the resgiléxperience very valuable ‘when
ere long, you will have to state the pecuniary wdi will require as a central
meteorological Observatory’. In the same lettebisa assured Stewart that it was
not the aim of the BAAS or the Kew Committee ‘tewi the ultimate purpose of the

photograms [the traces from the self-recordingiimsents] as accomplished by their

122BAAS:CM, 4 September 1867.

123 Burton (1988), pp. 70-72.

124BAAS:AR, 1868, pp. xliii and xliv.

125 Stewart to Sabine, 5 January 1867, RS:Sa.1586.
126 Gassiot to Stewart, 23 July 1867, TNA:BJ 1/24.
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being merely put away in drawers for safe keepthg'In 1876, some years after
leaving Kew, in an article for Lockyer’s journblature Stewart used an identical
phraseology in criticising the meteorology of thest as having been conducted by
‘Royal Societies and Astronomical Institutions’ ¢euas the Royal Society and the
former King's Observatory at Kew), and whose resuivere reduced after a
mechanical and strictly statistical method, anchtpat aside in a drawet?® That
Sabine’s words should rankle with Stewart such tieatould throw them back in his
face some nine years after they were written detraties the strength of Stewart’s
feelings about the regime at Kew.

As if all this were not enough, the standardisatiork begun at Kew in the
early 1850s (Chapter 3, Section 3.3) continuedutinout the 1860s. Until the mid-
1860s around 100 barometers and 400 thermometeesbeeng verified and issued
with certificates at Kew each year; by 1869 the hanof thermometers tested each
year had increased to over 1,189.The construction of self-recording instruments
for foreign observatories — such as the Coimbrae@fagory in Portugal, to which
instruments were sent in 1867 — also remained aleturthe work at Kew® A
request from a brewery in 1869 for a standard tbemeter suggests that Kew was
also becoming recognised in the commercial secsoma asource of high-quality
instruments3! Indeed, Kew had become so well-known that, as Jdavis has
persuasively argued, French scientists began loghigr a dedicated magnetic and
meteorological observatory along the lines of Kday; 1870 such an institution,
partly modelled on Kew had been established at Btamts, a mile from Paris
Observatory3?> Even before the workload increased after the btetegical
Department reorganisation, the modest two-storeyr@@n building must have been
a cramped space in which to work. By now the BAWkl the use of the entire
building, but with the magnetic instruments in th@sement, the photoheliograph
and accompanying apparatus in the dome, plus theonodogical and magnetic
reductions and instrument standardisation takirageplin the middle floors, there

was no room to spare. This lack of space was resed in the Galton Report and

127 Sabine to Stewart, 31 July 1867, TNA:BJ 1/30.

128 Quoted in Gooday (1989), p. 7-36.
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131 Jackson & Co. (brewery) to Kew Observatory Secyete/ August 1869, TNA:BJ 1/26.
132 Davis (1984), pp. 363 and 377-379.
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money was provided for an additional outbuildingd aadterations to an existing
outhouse in the observatory grourdfs.

Despite his assurances to Gassiot in 1866 thavdwd give up the solar
work and other independent research, in the eviawaBt continued with both. In
1869 Stewart was still applying, successfully, want money from the Royal
Society to continue his rotating disc experimenkée also continued to co-author
papers on sunspots and their possible periodiaiids De La Rue and Loewy, and
popularised his solar results in articles suchhasd inMacmillan’s Magazinen
1868. It must therefore have been very frustratorgStewart to have to spend so
much of his time on work for the Meteorological Rement (known as the
Meteorological Office from 1867). Itis in thism@xt of extreme frustration that we
need to regard his and LockyeRgacmillan’s articles. As Gooday points out, to
explain to their readers the concept of potentrargy, Stewart and Lockyer used
the analogy of the upper classes in society auioailyt having power over the
lower orders, which in Stewart's case may well héeen a metaphor for the
oppressive regime imposed by the wealthy and inflaSabine-34

A much more direct and vehement attack on the Kagime appeared in an
anonymously-authored article in th&thenaeumon 3 October 1868. Near the
beginning, the article described ‘a class of obsgons which may be called Cosmo-
Physical observations, of immense importance aptesent moment’ and asserted
that ‘we are on the eve of some grand generalizatihich would encompass
sunspots, magnetic disturbances and meteorologydambnstrate the connections
between them (quoted in full in the second epigrapthe head of this chapter). The
article praised the ‘excellent’ techniques with @rithe observations were being
made at Kew and likened the observatory to ‘thelfmearters of an invading army’
which, however, was now being starved of supplrethe form of funding to reduce
all the data*® This military metaphor is surely a reference abiSe, by now a
General of the Royal Artillery. The article’s enggis and phraseology, especially
the reference to ‘Cosmo-Physical observations’ngsothe finger towards Stewart
and Lockyer as authors. The article’s call for@ased public funding for science is

also a hallmark of Lockyer, who after 1870 becam@atspoken advocate for state

133BAAS:CM, 4 September 1867.
134 Gooday (2004), p. 127.
135 Anon. (1868a), pp. 436-437.
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support of science (see Chapter 5, Section 5.4¢wat’'s authorship is also made
clear by the similarity of this article’s languatgeone by Stewart ilNature a year
later, in which he criticised meteorology for lacgi an overall theory as to the
workings of the Earth’s atmosphere and again ofdec military metaphor when

describing our current picture of meteorology:-

We are like a soldier in the midst of a great battho can give but a very poor and
partial account of [meteorology] ... and ignoranthasmust be, of the general plan
of the whole'*

Another anonymous article appeared in$la¢urday Reviewn 7 November.
Whereas theAthenaeumwas aimed at learned gentlemen such as Sabine, the
Saturday Revievhad a much more general readership and explamedvork of
Kew Observatory and the Meteorological Committedlayman’s terms. Yet it
pointed to exactly the same problem as hadAthenaeunpiece: the lack of funding
for meteorological reductions, ‘without which theservations might as well not be
made’. True to its intended middle-class, nonsddie readership, the article
likened this policy to ‘a man who should spend 0I0@& year in supplying his
household with food, and refuse the additionall 16#juired for fuel and cooking to
fit it for use’ 23" In addition, the article praised the efforts td\@art and members of
the Kew Committee, while hardly mentioning the ®eming Meteorological
Committee and not naming its members.

Both articles provoked infuriated responses froas$tot and Sabine. On 17

November, Gassiot wrote to Lockyer that:-

the general tone of your friendsiq] article [likely theSaturday Reviewiece] is so
palpably to exalt Mr. Stewart and the Kew Committeégnore Mr. Scott, Capt.
Toynbee and the Meteorological Committee that thembers of the Kew
Committee who are also members of the Meteorolbdiepartment must take some
actiort®®

Stewart, for his part, claimed that he had not dkerarticle in théSaturday Review
but that: ‘Some time since | read an article in Atkenaeum in which | thought Mr.

Scotts fic] position was much too slightly mentioned his namo¢ at all'. He went

136 Stewart (1869), p. 102.
137 Anon. (1868b), pp. 622-623.
138 Gassiot to Lockyer, 17 November 1868, TNA:BJ 1/24.



153

on to suggest its potential for causing ‘a feelofgawkwardness’ between Robert
Scott and himself, and expressed ‘much regrethgtiaplied comparison between
himself and those in charge of the Meteorologickice.*3°

Stewart had further disagreements with Sabine thwed Kew Committee
during 1869. In January he made a fruitless rdqgioesan assistant dedicated to
reducing the results from the outlying meteorolabiobservatorie¥’® Then, in
April, Stewart tried to farm out the magnetic retimes to an unnamed third party
outside Kew. The pressure being borne by Stewastainly evident in his defence

of this latter move:-

I do not think any one can be more desirous thasethyhat the magnetical part of
this establishment should be well represented. thin present position of this
institution and bearing in mind what we have to fdw the Meteorological
Committee | have seen that [the magnetic tabulsfioan be best done out of the
observatory. 1

Stewart resigned as superintendent of Kew Obsewvaio 8 October 1869; he also
resigned as secretary to the Meteorological Coremithree days latét? Stewart
stated no reasons in his resignation letter. A orandum written by Gassiot
records that he resigned because his health waulidnger stand the pressure of
work.}*® More revealing are the conditions under whichw@ie offered to withdraw
his resignation: first, that the meteorological uetibns include some important
additional elements, notably the degree of vapowr mass of dry air; and second,
that Stewart be given more assistance at Kéw.

Yet Stewart was never given the chance to withdtas/ resignation.
According to Gassiot — and also to Arthur Schustaiting candidly some six
decades after the event — as soon as Gassiot meshiRiewart’s possible resignation
to Sabine, the two of them discussed the appointmiea successor. They had in
mind Charles Chambers, who had started as an agsat Kew in 1856 and had
earned his spurs there by taking charge of the etagwork during John Welsh'’s
final illness. He had left Kew in 1863 and was now 1869, in charge of the

139 Stewart to Gassiot, 8 November 1868, RS:Sa.1634.

140 Stewart to Sabine, 15 January 1869, RS:Sa.1637.

141 Stewart to Sabine, 2 April 1869, RS:Sa.1641.

142 Stewart to Gassiot, 8 October 1869, with RS:S&1&katement by Gassiot, [October
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144 Stewart to Gassiot, 13 October 1869, with RS: %616
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Bombay magnetic and meteorological observatory kieen to return to Europe for
health reasons. Chambers was a loyal colonialrebsevery much in Sabine’s
mould, and so would have been a natural choice@fessor to Stewart. According
to Gassiot, by the time Stewart had sent his letién his conditions, Sabine had
already posted a letter to Colonel Smythe, Chambkerserior at Bombay, offering
him the positiot*® The implication is clear that Sabine and Gassiete eager to
remove Stewart from the observatory now that hisairresignation letter provided
them with an excuse for doing so.

Stewart’s resignation was not effective immediateHe left the date open
until he had found a suitable position. This oméppened the following year, when
in May he applied for the vacant chair in Natur&ilésophy at Owen’s College,
Manchester, for which Stewart was being head-hurttgd Henry Rosco&'®
Schuster quotes a testimonial from Sabine in suppfoStewart’s application. Its
tone was scathing, saying that had Stewart contpléte magnetic work he was
supposed to do at Kew he would have been ‘in anpirent position?*” His
application was successful, however. As a parsimgt Stewart, writing to inform
Sabine of his appointment as Professor of Natundbgophy at Manchester, could
not resist taunting Sabine. As a possible rese@ngic for the new laboratory that

was being built for him at Manchester, said Stewart

| think of suggesting magnetism namely a set of ssdording instruments the
curves of which are systematically tabulated & cmtli— and a set of monthly
absolute observations

What should you think of the value of such a s#fie

If Sabine replied, we have no record of it.

The conflict between Stewart and Sabine canndaittsdbuted entirely to the
reorganisation of the Meteorological Departmens we have seen, friction between
them over Stewart’s theories on sunspot periogitvas evident by (at the latest)
January 1865, before FitzRoy’s suicide. Yet neitan it be put down solely to a

clash between Stewart the natural philosopher emtie hand, and, on the other, the

145 Statement by Gassiot, October 1869?, RS:Sa.1686@s&r (1932), p. 210. Schuster
does not name Chambers as the proposed succeSteniart.
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148 Stewart to Sabine, 8 July 1870, RS:Sa.1663.
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‘gentlemanly’ natural historians, represented bypisa and the Kew Committee.
Making Kew the Meteorological Office’s central obsstory did dramatically
increase Stewart’'s workload, especially as the m@gmeductions and instrument
standardisation already made for a hectic schedile. new work, moreover, was of
a very routine, utilitarian nature: gathering, atihg and publishing statistics.
Stewart had done some of his most creative worleuRdrbes at Edinburgh and he
remained a university physicist at heart aftermehg to Kew, continuing with his
sunspot and ether research even after the metgaralo reorganisation.
Unfortunately for Stewart, an important part of Higties after 1867 had effectively
become those of an employee of the Meteorologi¢at® someone paid to report
statistics to the government and who had littleetifar independent research — as
Gassiot emphatically reminded him in 1867. Sabiioe, his part, was less a
‘gentlemanly’ natural historian than what David IRpi Miller has termed a
‘scientific serviceman®*® who saw geomagnetic and meteorological research as
matter of collecting large volumes of data foritdiian purposes. He was not averse
to theoretical speculation — such as on the pdsggibf aurorae on other planets —
but he would not allow this to form the basis cfaarch or to interfere with what he
saw as the observatory’s main purpose, especidlBnvit meant spending time and
money on fundamental concepts such as ether. &sabaffective dismissal of
Stewart may be compared with his similar move agaWilliam Radcliff Birt in
1850 (Chapter 3, Section 3.2), in the sense thtiaranan fitted into the position of
loyal subordinate in General Sabine’s troops. Tias especially true now that by
taking control over land observations at the Meaitgical Office, Sabine had
launched a ‘meteorological crusade’ similar to Msagnetic Crusade. He had
succeeded in the aim that he had had in mind sik&0: making Kew an
independent centre for both magnetism and metegyotm a national scale and

independent of Greenwich.

149 Miller (1986), esp. pp. 112-119. See also Chapt@@ection 1.1) and Chapter 2 (Section
2.2).
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2.6 Conclusion

Ever since the 1860s, Kew Observatory has beertiasso with the early years of
solar physics — in popular as well as academiomhést of sciencé® As we have
seen, Kew was indeed gripped by what John Weldadcaolar spot mania’ in the
1850s and 1860s. By 1870, the photoheliographbeasy used to take more than
300 images of the Sun per yéar. It had some great successes to its credit, notabl
confirmation of the solar origin of the ‘red flame&gen during solar eclipses and a
system of daily solar photography that would be tiooed at Greenwich
Observatory. Nevertheless, as this chapter hasrshthe solar programme was
never really central to the work at Kew. Indedu story of its origins and practice
and then the use of its results by Balfour Stewtaits us as much about the
patronage and control of the physical scienceshe geriod between the Great
Exhibition of 1851 and the Devonshire CommissionBoitish science in the 1870s
as it does about the daily routine at Kew Obseryato

This chapter has attempted to address three bgoastions posed in the
introduction: how and why solar astronomy came ®wKin the 1850s; how the
photoheliograph was used in practice; and findbyy the relationship between solar
astronomy, geomagnetism and meteorology at Kew ecrnder Balfour Stewart.
As we saw in Section 4.3, that a systematic prograraf sunspot observation came
to Kew at all and not to some private observatas/suggested by John Herschel,
was not a given. The Kew photoheliograph was natraightforward result of
Herschel’s rallying-cries. It is clear that Johreh was the first to respond to the
challenge posed by the discovery of the sunspotetam correlation with his
suggestion of a system of daily sunspot photograpits it is likely that Sabine
learned of this idea from Welsh before using Heeslprestige to secure funding
for the project. This would explain why it wentKew.

It is clear from Sections 4.4 and 4.5 that thecfica of solar photography
remained outside the observatory’s central routifidhe photoheliograph and the
work done with it were largely funded by Royal Ssgigrants from private sources
or by Warren De La Rue, a classic example of afsalied Victorian devotee of
science. That neither Elizabeth Beckley, who hetlfmetake the solar photographs
on a daily basis, nor Benjamin Loewy, who redudesl sunspot numbers and areas

150 For an accurate popular account, see Clark (2007).
11 BAAS:AR 1870, p. xlviii.
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into a form usable for calculation, appeared onKbw/ payroll reinforces the case
that the photoheliograph was an example of pripateonage. The priority at Kew
was always Sabine’s central concern with the cttlac of magnetic and

meteorological data, in addition to the standatthsawvork for British and overseas
governments that brought in essential income. Yet solar photography
programme increased the importance and prestiglewnf Observatory still further.

Thanks to the ‘Kew photoheliograph’, Kew was noayaonym for solar astronomy
as well as geomagnetism, meteorology and instrustantiardisation.

As shown in Section 4.5, Sabine and the Kew Cotemitever gave Balfour
Stewart a free hand to develop his theory-drivensrgical physics’. As
superintendent of Kew Observatory and, from 18&¢retary to the Meteorological
Committee, Stewart was expected to follow Sabiretgirical style of research,
amassing more and more magnetic and meteorologital Nonetheless, he would
not let go of his beloved private research. PB8tewart’s conflict with Sabine may
be attributed to the differences in Stewart’'s backgd and personality from his
predecessor, John Welsh. Whereas Welsh was fumdailgean experimentalist,
with a genius for invention and practical probleotvgg, Stewart was always more
of a theoretician, with a natural philosophical terore in tune with his countrymen
Tait and Maxwell than with his superiors at Kewptsa and Gassiot. He was also
older and more experienced and so less likely teutxservient to the authoritarian
Sabine. Nevertheless, it is clear also that Stésveonflict with Sabine also owed
much to the changed nature of his post after 188% mass of data reductions for
the Meteorological Department — now renamed theebtelogical Office, with Kew
as its central observatory — entailed a huge iser@a Stewart’s workload, yet the
Kew Committee were reluctant to fund the extrafstedt this entailed.

By 1870, Kew Observatory had an annual incomevef &€1,575. Of this,
over £600 came in the form of an annual grant fthen Meteorological Officé>?
Where meteorology was concerned, Kew could thesefoe described as a
government observatory, in the sense that it aetedh central observatory that
supervised a network of self-recording meteorolalgstations across the British
Isles and processed the results that they serBir.in every other sense, Kew was
not a government observatory. Apart from one-off sirosn the Royal Society

12BAAS:AR, 1870, p. lvii.
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Government Grant, the rest of its income came fpoivate sources and the money
it made from standardisation. The geomagneticrobtiens, the solar photography
and the standardisation work continued on a priydtanded basis, as before. In
particular, the solar photography at Kew was netwlrk of a public observatory, as
Simon Schaffer has suggesté®. The ‘public’ observatory’s remit was the strictly
utilitarian meteorological data collection, whileortrol of the solar research
remained very much in the hands of self-funded temsof science such as De La
Rue. With the exception of the work for the Metdogical Office, support of the
sciences at Kew continued to rely on tléssez-fairesystem. After 1870, the
setting-up of a Royal Commission on Scientific tastion and the Advancement of
Science, which became known as the Devonshire Cesioni, presented an
apparent challenge to this system. Yatsez-fairecontinued to dominate the

subsequent history of Kew Observatory, as we seallin Chapter 5.

153 Schaffer (1995), p. 259.
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Chapter 5
Kew Observatory and the Royal Society, 1869-1885

| need scarcely say that it has afforded me muehspre, to have had it in my
power, through the Royal Society, to assist in ma@mng an Establishment with
which | have, for so many years, been connected

John Peter Gassiot to William Sharpey (Secrefoyal Society), 4 July 1871

. a large proportion of the various thermometricketerminations made by
English physicists are dependent for their accurgmyn that of the verifications at
Kew. Many thousands of thermometers have already verified by the apparatus
about to be described.’

Francis Galton, 1877

5.1 Introduction

Chapter 4 discussed the origins, practice andtsestithe photographic observations
of sunspots at Kew Observatory, from the early $8%0the late 1860s. Until the
conflict in the late 1860s between Balfour Stewanti Edward Sabine, the solar
observations were established and carried out gluanstable and relatively

prosperous period for Kew, during which the obsemyaachieved worldwide fame.

The threats of closure that had hung over the ebtmry for most of the first decade
after the BAAS takeover in 1842 were not repeatétis situation changed in the
late 1860s, when the BAAS, ever short of moneyladed that it no longer wanted

to keep running Kew. According to the standarddniss, two years later the Royal
Society stepped in to take over its managemenkito a generous donation from
Kew Committee chairman John Gassiot. Many soumles simply state that

following this, in the early 1870s the solar worlenw to Greenwich, while Kew

consolidated its role as the central observatoryhef Meteorological Office and

continued with its work in instrument standardisafi

! Gassiot to Sharpey, 4 July 1871, RS:MS.843.30.

2 Galton (1877), p. 84.

3 Essentially this story is told in Scott (1885), pR-63, Jacobs (1969), p. 163, Hall (1984),
p. 186 and Walker (2012), pp. 102-103.



160

No historian, however, has produced a criticabaot of how and why Kew
Observatory underwent these changes between e 80s and mid-1880s. Nor
has there been any assessment of the nature mdgimee at Kew after the departure
of Balfour Stewart and the observatory’s takeovertie Royal Society in 1871.
Part of the problem is that, as discussed in ChaptéSection 1.4) the existing
literature mostly examines each of the sciencestipeal at Kew in isolation. For
example, James Burton and Malcolm Walker both prte&gy’s attempt in 1871 to
transfer the Kew meteorological observations toe@wach as a minor temporary
setback in the success story of the Meteorologiiffite* Above all, secondary
sources like this are not about Kew Observatorysach: their authors all ask
questions very different from those being addredsedhis thesis, which is an
institutional history of Kew in the context of thehanging organisation of
nineteenth-century science and the wider worldhefdbservatory sciences.

Indeed, none of these sources sets Kew Obsenvattinis historical context,
particularly that of the 1870s debate on the retetibetween the British government
and science. This debate centred around a Royah@ssion, set up to look into the
state of science education and institutions foergdic research, which has become
known as the Devonshire Commission. As | haveudised in Chapter 1 (Section
1.2), some historians have interpreted the perfodhe Devonshire Commission as
an early sign of the end tHissez-faireattitudes towards scientific research: for these
historians, it was the start of a move towardstihentieth-century regime of state-
funded laboratories and observatories, staffedrbjepsional scientists. But one of
my aims in this chapter is to show how, in the geafter 1871, Kew remained an
example of an institution financed in the older tdran manner: mostly from
private sources, not government. | thus challdRgg MacLeod’s view that there
was little private funding for science in the ldbtee decades of the nineteenth
century?

This chapter takes as its starting point the anocemnent in 1869 that
relations between the BAAS and the Kew Committeeewt® be reviewed. It
finishes in 1885, the year that saw the publicatbbrRobert Henry Scott's well-
known general history of Kew Observatory. As | éd@hown in Chapter 1 (Section
1.5), Scott’s history has some serious limitatidng, it is so widely cited that the

4 Burton (1988), pp. 113-116; Walker (2012), pp.-106.
> MacLeod (1971b), p. 211.



161

year of its publication is a useful landmark in thestory of Kew. It also

conveniently divides in two the history of Kew besn 1869 and 1900. In Section
5.2 | examine in detail how and why Kew was transi@ from the BAAS to the

Royal Society between 1869 and 1871. | arguethigastory is much more complex
than has hitherto been supposed, as well as makengase for the importance to
Kew of private funding. In Sections 5.3 and 5.Aespectively on Airy’s failed coup

over the Kew meteorological observations and hixassful one to take over the
photoheliograph — | use archival material and tistohical context to argue that
there is much more to these moves by Airy thanrternal histories of Greenwich,
Kew and the Meteorological Office imply. | alsceube struggles between Airy and
the Kew Committee over meteorology to show how weiegy was coming to be

governed by its own specialist institution, overiethGreenwich had no control —
mirroring a contemporary trend towards specialisain the observatory sciences.
Finally, in Section 5.5 | assess the changed wgrkegime and personnel at Kew
from 1871 to 1885. | argue that during this periadecline in income from both the
Gassiot Trust and the Meteorological Office grantaddition to the illness and
death of Sabine, forced Kew to change its emphfasism geomagnetism and
meteorology to testing instruments in return foesfe This, | suggest, resulted in
Kew changing its character from a place of expenit@einvestigation and data-
gathering into a commercially-driven laboratory tthaerved industry and

government.

5.2 From the British Association to the Royal Soety, 1869-1871

Having survived several threats of closure betw&845 and 1850 (Chapter 3,
Section 3.2), Kew Observatory enjoyed a long peabdtability under the BAAS.

Each year the Association consistently voted atanbal grant for running the
observatory, rising from £300 in 1850 to £600 698 This was in addition to the
income that Kew received from instrument standatds, grants from the Royal
Society (some of them funded by the Government pifan specific projects and,

from the late 1860s, more than £500 per annum fimnMeteorological Office as

6 Aubin (2011), pp. 115-119.
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that organisation’s central observatory and onetsftations with self-recording
instruments.

Then, at the 1869 annual meeting in Exeter, thee@® Committee of the
BAAS decided ‘that the existing relations betwebe Kew Committee and the
British Association be referred to the Council éport thereon’. This was the first
time since the 1840s that the future of Kew Obderyaas a BAAS institution had
been questioned, though this time the languagelegasdirect than the 1845 talk of
‘the expediency of discontinuing the Kew Obserwatoor the Council’s resolution
in 1848 to establish whether it was worth ‘contimguithe present expenditure’ on
Kew? Also, unlike 1845, the resolution attracted nonogent in the wider press
such as théthenaeumso it is harder to say who might have originaiigved the
motion and what their motives were. It is notalllewever, that the incoming
BAAS President in 1869 was Thomas Huxley, who e Iresented Royal Society
President Sabine’s alleged preference for the phlsiciences over Huxley's own
field of biology® If Huxley could not control Sabine’s activitiea the Royal
Society, becoming President of the BAAS might gmv@ more power through that
organisation. The £600 that was annually graraddetv Observatory represented a
substantial portion of the Association’s modestme, which Huxley might have
felt could be put to better use.

On 13 November 1869 the Council appointed a specramittee of thirteen
members — including two biologists, Huxley and Heglas well as most members
of the existing Kew Committee — to consider theohason and report back to the
Council!® This committee met on 27 November and decidet tea Association
should continue to run Kew as before until 1872,which year the ongoing
programme of simultaneously monitoring terrestnagnetism and photographing
the Sun would have completed a full ten years,that after that date all connexion
between them should ceas&’.The committee’s report, signed by Gassiot (i
Kew Committee chairman) and presented to the Cboncil December, confirms
that the reason for the General Committee’s detigaeview the relations between

the BAAS and the Kew Committee was a financial omtrether the sum of £600,

"BAAS:AR, 1869, p. xlv.

8 BAAS:AR, 1845, p. xviii; BAAS:CM, 14 April 1848.
®Hall (1984), p. 106.

10 BAAS:CM, 13 November 1869.

11 KCM, 11 December 1869.
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annually granted by the Association, can be redwgdtbut impairing the efficiency
of the Observatory’. More particularly, the repagked whether such a reduction
could be made by discontinuing some of the obseryat current work. Gassiot
argued that terminating the magnetic observatioosldvsave a mere £110 a year,
much of which constituted lucrative overtime foaf§twho might leave if they lost
this. Furthermore, the report rather bluntly stateat if the observatory were to be
reduced to a mere depository for instruments, tmangittee could not recommend
continuing the observations currently being made tiee Meteorological Office.
Therefore, it was not practicable to terminate egitithe magnetic or the
meteorological work. The report concluded that 60 annually voted by the
Association could not be reduced without comprongsithe work of the
observatory:?

Nothing more about Kew Observatory is mentionethenBAAS papers until
the annual report of the Kew Committee presentdtiéanext annual meeting, held
at Liverpool in September 1870. This ratified thexision to sever the connection
between the BAAS and Kew with effect from 1872 andde it clear that this
implied considering ‘the dissolution of the Kew addtshment®® In addition, the
report summarised a statement by Balfour Stewarthe past and present condition
of the Observatory’ and used this as evidence of the observatory now received a
large portion of its funding from sources outsite BAAS, notably the Royal
Society. The unwritten implication, therefore, what there was no need for the
BAAS to continue supporting it. Indeed, at the sameeting, it was resolved that
the President and Council contact the Royal Soaetythe government, with a view
to offering the future use of the Kew buildingstb@ Royal Society, assuming that
the Royal Society wanted thelh.

Given that Sabine was President of the Royal $gdids reasonable to infer
that this resolution, and perhaps also the decismrierminate the connection
between the BAAS and Kew Observatory, amounted tulatle manoeuvre by
Sabine to transfer the observatory to the RoyaleBpand so allow him to tighten
his control over it. Declaring that the observgtoould not be run for less than £600

a year would have been enough to force the BAASnCibunto giving it up,

2BAAS:CM, 11 December 1869.
13BAAS:AR, 1870, pp. xlv-xlvi.
14 BAAS:CM, 5 November 1870.
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especially as this annual running cost was theedtatason why the BAAS's
relations with Kew were being reviewed in the fiptace. Similarly, Sabine might
have used the threat of the observatory’'s ‘disgwmiutas a means of forcing the
Royal Society’s hand in taking it over. Many besidsabine might well have been
thinking along these lines also, for it is strikimgpw in 1870 many prominent
members of the BAAS Council — Galton, Gassiot, BapWilliam Sharpey and
William Spottiswoode — were also on the Royal Somci€ouncil. Indeed
Spottiswoode, General Treasurer of the BAAS for 48870, also served as
Treasurer of the Royal Society from 1870 to 1878.

Therefore many on the Royal Society Council wdwdsle been well aware of
the situation with regard to Kew Observatory whénaaCouncil meeting on 15
December 1870, a letter from the BAAS dated fivegsdaarlier was read out, asking
‘what the desires of the Council of the Royal Stcieere regarding the use of the
Kew buildings. The Council deferred the matterilub® January 1871, when it
appointed a special committee to discuss the BAASpgsal. In addition to the
presidents and officers of both societies (thusuohog Sabine as President of the
Royal Society), this committee included Gassiotlt@ea Alexander Strange, John
Tyndall, Charles Wheatstone and Alexander Williamsoevery one of whom was
also on the BAAS Counctf. The committee was given power to co-opt additiona
members; Warren De La Rue and William Grove wetg ddded on 16 Februar$.

Gassiot — who, along with Sabine, had been ingtniai in introducing
standardisation in 1850, thus making it much hatdesiose down Kew — seems to
have taken the initiative well before the commitieet on 28 March. Balfour
Stewart, George Airy, Humphrey Lloyd, William HenB8ykes, Thomas Romney
Robinson, William Thomson and the elderly John Elees all wrote letters to
Gassiot, expressing their views on whether the R8yaiety should take over the
management of Kew Observatory. Their letters welearly in response to
solicitations from Gassiot. A letter from GassiotHerschel, dated 13 February,
asks Herschel’'s ‘opinion as to the advisability tbe Royal Society obtaining
possession of the building with the view of ultielgt continuing the Magnetic

Observations Verifications of instruments, &c.’.a€siot wrote an almost identical

15RS:CM, 15 December 1870; RS:CM, 19 January 1871.
16 RS:CM, 16 February 1871.
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letter to Airy the same day. With the exception of the reply from Thomson,thi
responses were printed in the minutes of the R8galety Council for 16 March,
nearly two weeks before the 28 March meetthgAll were dated mid-February
1871, with the exception of the letter from Balfo8tewart, which is dated 8
November 1870, just a month after he had takenisméw post at Manchester,
suggesting that Gassiot had been sounding outarrior at least three months.
Most of the replies strongly supported keeping K@twservatory going in
some form. Balfour Stewart said he believed thatwould be avery great
misfortunéif the Kew magnetograph work were terminated rafi®@72, because, true
to his research interests in sunspots and thdiren€es, he saw a need for ‘a more
intimate comparison’ between sunspot frequency daedestrial magnetic
disturbances, which rendered parallel magnetic soldr observations essential.
Also, according to Stewart, differences in readibhgsveen observatories suggested
that locality was important, so if Kew were to hgeyp up, magnetic observations
comparable with the Kew series could not be madewtiere. Stewart also
mentioned eleven observatories worldwide whererunsénts on the Kew design
had been set up, ‘all of which would suffer wereaKaiscontinued®® Humphrey
Lloyd professed to have no strong views as to wérdtie Royal Society should start
running Kew, though he generally felt that thisaypf work would be better done
under the Royal Society than under the BARSWilliam Sykes — who had helped
establish standardisation at Kew with verificatafrthermometers for the East India
Company — expressed disappointment that the BAAfpgsed to give it up, but
strongly supported continuing the work, especiatgndardisation, under the Royal
Society?® Robinson, long-time director of Armagh Observatarho had designed
(with Robert Beckley) the anemometer on the Kew éotimought ‘that it would be a
great loss to British science’ were Kew to be giupnand that if the standardisation
work were stopped, the need for another such ladgra‘would be soon
imperatively required by Physicist&. William Thomson almost exactly echoed

Robinson’s sentiments in writing that closing Kewould be a national calamity’

17 Gassiot to Herschel, 13 February 1871, RS:HS &&i&siot to Airy, 13 February 1871,
RGO 6.394.

18 Thomson's reply is dated 20 March; it is includiedRS:CM, 20 April 1871.

19 Stewart to Gassiot, 8 November 1870, in RS:CM\iaéch 1871.

20| loyd to Gassiot, 14 February 1871, in RS:CM, 1&rth 1871.

21 Sykes to Gassiot, 14 February 1871, in RS:CM, #6dk 1871.

22 Robinson to Gassiot, 14 February 1871, in RS:Gd/M\March 1871.
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and that the observatory had for the first timeeid@ practitioners in the natural
sciences a place for accurate observational workiry, predictably, recommended
discontinuing the self-recording magnetic instruteest Kew, on the grounds that
these had been ‘introduced by me’ at Greenwichenl1i840s (no mention of Francis
Ronalds) and that duplicating this system at Kevg vea idle expense’ — another
instance of his long-held attitude towards Kew.t Buen Airy said that it was ‘very

desirable that the Royal Society should have psgse®f the Kew Observatory’.

He approved of continuing Kew ‘for such purposesvage indicated in the original

proposals for making use of Kew Observatory’ — tigt improving magnetic

instruments and the planning of ‘distant’ (over3eamagnetic observations and
instructing the observefé.

The one dissenting voice amongst all these largebkitive responses was
that of John Herschel. Just as in 1850, when lieexpressed the view that ‘it
should most earnestly deprecate’ the Royal Sodatyt to permanently maintain
any observatory or institution (Chapter 3, Sect®@)?® he now responded to
Gassiot:-

| should not feel very confident in recommending fRoyal Society, as a body, to
take on itself the duty of workingny permanent scientific establishment.

Herschel offered the same rationale for this viewha had in 1850: that supporting
scientific institutions was not the Royal Societygssion, which in his view was
rather to promote and manage science, and to seavtirthy scientific work was
published and rewarded. On magnetism and metegyrole took the same view as
his old friend Airy — and a very different one froRobinson: that both these
sciences were now firmly established at Greenwicthso, by implication, it was not
necessary to keep them going at Kew. As for guetography, Herschel thought
that this should be done by private individuals.tHe version of his letter printed in
the Council minutes, Herschel was non-committal taswhether instrument
standardization was important enough to outweighgkneral objection to the Royal

Society taking over Kef Yet in a rough draft of the same letter preserired

2 Thomson to Gassiot, 20 March 1871, in RS:CM, 261A4871.
24 Airy to Gassiot, 13 February 1871, in RS:CM, 16r&8fal1871.
25 Herschel to Murchison, 15 February 1850, TxU: 2q110269).
26 Herschel to Gassiot, 17 February 1871, in RS:CGd/March 1871.
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Herschel’'s papers, he was dismissive of the idaa kKew should even be doing
standardization, suggesting that this would bestitsee at the Society’s London
headquarters or else should be taken up by thedBufafrade?’” We do not know
when, or why, Herschel changed his mind. Hersafasl now elderly and physically
frail, but while it is easy to suggest that he viiasdecline’ as an authoritative
spokesman for sciené&his mental capacity was still good and he kephgerest in
developments in astronomy — not least in sunspas$s,is evidenced by his
correspondence that same month with George Whippl&ew, in which he
compares some Kew solar photographs with his oveemations of the Sui. His
response to Gassiot cannot be dismissed as tlaat olid man out of touch with the
cutting edge of scientific research: his views lba functions of the Royal Society
show a remarkable consistency with those he hatithedughout his career.
Herschel’'s reservations notwithstanding, the cosgse among the seven
leading figures in British physical sciences whgp@nded to Gassiot was broadly in
favour of the Royal Society taking over the runnaidKew Observatory. The issue
was then made more complex when at the 16 Marcin€ilomeeting a letter from
Gassiot was read out, in which he made an offeeofirities worth £250 per annum
for the Royal Society to maintain Kew as ‘a Centkéhgnetical and Physical
Observatory’, this sum to be supplemented if ther©@d deemed it insufficient to
run the magnetic observations. Only a brief sunynodrGassiot’s letter was read
out at the meeting, but in the manuscript versicesg@rved in the Royal Society’s
archives, Gassiot specified that this annual susayly half of the £600 currently
being voted by the BAAS for maintaining Kew, wast notended to support
meteorology, instrument standardisation or expanisby private individuals, all of
which, as he noted, were funded from other sourcHsis substantial offer would
reduce — though not eliminate — the financial bartieat running the observatory
would present to the Royal Society; in Gassiot'siavords, it would impose just ‘a
very moderate charge’ on the Society’s inccthe. Gassiot seems to have

contemplated this offer for some time: the lettershim from Herschel and other

27 Herschel to Gassiot, 17 February 1871, RS:HS 8.68.

28 Bartholomew (1976), p. 284.

29 Herschel to [Whipple?], 19 February 1871, TNA:B83t Herschel to Whipple, 1 March
1871, TNA:BJ 1/83.

30 Gassiot to Sharpey, 13 March 1871, RS:MC.9.178tlypaummarised in RS:CM, 16
March 1871.
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senior figures, read out later on during the 16 dlameeting, in addition to his
nearly identical solicitations to Herschel and Aispggest that he was canvassing
their opinion before parting with his money — thbugeither of these latter
communications give any hint that Gassiot was captating making any donation.
The committee that met on 28 March 1871 was ctidiseSpottiswoode, the
Royal Society’s Treasurer. Among the thirteen dwedl present, six were also
members of the BAAS Kew Committee; these includesl L& Rue, Galton and
Wheatstone, all stalwart supporters of the obseryatnder the BAAS. Gassiot and
Sabine did not attend, even though both had begtedthonto the committee; as we
shall see, this may have been more than simplyi@asishing to avoid a conflict of
interest, now that his offer of a substantial dmmatvas on the table. The minutes
contain no record of any discussion at the meeimiger than the reading of the
letters from Herschel and the others, plus Gassuaifer, followed by a resolution
that the committee was ‘not prepared to recomméaedGouncil to undertake the
responsibility of the maintenance of the Establishth The only recorded dissent
was over the wording of the response to Gassidtés,ovhich was amended twice.
The words: ‘hoping that some other mode of givimg $ame generous assistance to
the maintenance of the magnetical observationseat ill suggest itself to him
[Gassiot]” were omitted and in the final versiore tbommittee regretted that it did
not see in what way it could recommend that then€daccept Gassiot’s donation.
The minutes do not directly record any reasons thleycommittee decided
against the Royal Society taking on the observat@®pme of the objections may
have been for financial reasons: £250 was simptyemough to cover the current
running costs of Kew, even if meteorology, standatibn and experiments could
somehow be dropped from the programme of work. cérealso gain clues from the
individuals who put the motions. That the Royati8ty Council should not take
responsibility for running Kew was moved by a figwho hitherto had had little to
do with Kew Observatory: Lieutenant-Colonel Alexandstrange. At the 1868
BAAS meeting Strange had presented a paper titsd the Necessity for State
Intervention to Secure the Progress of Physicarge’. As described in Chapter 1
(Section 1.2), this had started a chain of eveatslihg to the setting-up of a

government commission to look into state provision science education and
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research, which became known as the Devonshire Qssium®® As a former
inspector of scientific instruments, Strange hadt@ng interest in instrument
standardisation. As the original instigator of tbbby for greater state support of
laboratories, he may well have felt that Kew wascpgely the kind of institution that
should be supported by central government and motate donations in the
traditional manner. Also, the first motion rejectiGassiot’s offer was seconded by
John Tyndall, Balfour Stewart’s old enemy (see G&ag, Section 4.5). During the
meeting a further letter from Stewart was read oiging the necessity of continuing
the Kew magnetic observations. Although Stewars waw at Manchester, he was
still nominally superintendent of Kew (see Sectiod) and Tyndall would not have
wanted to see the Royal Society spending its monewhat he would have seen as
a hotbed of anti-materialist research.

The committee’s resolutions were duly read ouhatnext Council meeting
on 27 April, with Sabine in the chair, and it wasalved to consider the report at the
next meeting. This did not take place until 25 Magain with Sabine present. This
time Gassiot doubled his offer to £500 per annumth@ condition that the Royal
Society maintained Kew ‘as a magnetical, meteoiofdgand physical observatory,
with self-recording instruments’ and that it be oy an unpaid committee of the
Royal Society. Then a memorandum by Sabine was agg suggesting that if the
unpaid committee stipulated by Gassiot were to dhentical to the existing
Meteorological Committee, whose members were afgiaid, this would overcome
the technical difficulty (Herschel's objection, thgh Sabine did not hame him) of
the Royal Society supporting a permanent scieritititution®? Under this scheme,
there would be no worries about the Royal Societyning such an institution,
because Kew would effectively be run by a governncemmittee. Sabine did not
need to remind the Council that Gassiot’s offeE®00 per annum covered most of
the £600 currently being paid by the BAAS and smoeed most of the financial
obligation from the Royal Society. If there wenmyaobjections at this Council
meeting, they are not recorded. The Council resblthat the Royal Society’s

officers should, with the help of the Society’s isibbrs, ‘prepare a scheme in

31 MacLeod (1971), pp. 202-203.
32RS:CM, 25 May 1871.
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reference to the Kew Observatory in accordance MithGassiot’'s views’ and offer
this to the Councit?

What caused Gassiot to double his offer? Sabatkdiready prepared his
memorandum in advance of the meeting and so hasumaly conferred with
Gassiot and agreed on how to proceed. Moreovese tthays before, Robert Scott of
the Meteorological Office had sent Gassiot a detagtatement of the work being
done by every member of the existing staff at Kawsvjf Gassiot were asking Scott
for a statement of what he was going to be payimg*f On 23 May Gassiot seems
to have ordered 25 copies of his proposal for fodivey to Council members. In the
same letter he claims to have authorised De Laluetter prior to the 28 March
meeting to increase his offer to £500, but that teeer never reached the
committee®® This letter, if it ever existed, does not seerhdwe survived, nor does
any evidence that Gassiot thought of offering £68@®8 March. Gassiot’s original
letter of 13 March did allow provision for an inase, but it is unlikely that he had a
100 per cent increase in mind. In any case, tignat letter specifically excluded
meteorology from his offer, whereas the new propasa for the maintenance of ‘a
magnetical, meteorological, and physical obseryatorWe are left wondering
whether Sabine, ever the behind-the-scenes marereeither twisted Gassiot's arm
or made hints in this direction, especially as tbenmittee’s recommendations to
reject Kew were not adopted at the next Counciltmgeon 27 April, but deferred
until 25 May. Sabine may have been buying himselé for such negotiations.

However, between the 27 April and 25 May meetithgse occurred a major
event that might also have affected Gassiot's aaliré’s thinking. On 11 May
John Herschel died. His burial at Westminster Ablvas practically an occasion of
national mourning, as exemplified by William Thom&o Presidential Address to
the 1871 BAAS meeting: ‘The name of Herschel isoadehold word throughout
Great Britain and Ireland — yes, and through thele/ttivilized world.8® More
particularly for the fate of Kew Observatory, Hdrethad been the one dissenting
voice against the Royal Society taking over its agment — yet also, in the eyes of

elder statesmen of science like Gassiot, SabinedDana Rue, the most venerable,

3 RS:CM, 25 May 1871.

34 Scott, Robert, ‘Copy of statement sent to Mr Gasfsic] May 22. 1871, TNA:BJ 1/92.
3% Gassiot to Walter White (Assistant Secretary, Rogaciety), 23 May 1871,
RS:MC.9.205.

% Thomson (1871), p. Ixxxv. See also Buttmann (39@g. 189-190.
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whose views had carried such weight in the scientbrld of the 1840s and early
1850s. With Herschel's death there was now no lefteto object to Gassiot’s

proposals. Gassiot would have anticipated thatntéhe proposals read out on 25
May would have been more attractive to Council merspbbecause they would now
relieve the Royal Society of most of the finandiafden and would even technically
relieve it of the practical responsibility of rungi the observatory. Yet under
Gassiot's plan Kew would still be run under the iaegf the Royal Society,

something which Herschel had objected to even imciple. We have no way of

proving that Herschel's death tipped the balanc&adsiot's mind, or the minds of
others on the Council, in favour of the new propgmsaut apart from Gassiot’s
unsupported claim, there is no evidence that Ghssede any moves towards
doubling his offer before 11 May.

Now that agreement had been reached, Gassiatdotne in implementing
his proposals. The day after the 25 May Counciletng Spottiswoode, the
Treasurer, reported that he had instructed the IRRy@iety’s solicitor, Charles Few,
to talk to Gassiot’s solicitor and draw up the rseafl an agreemenf. On 3 June
Gassiot gave Robert Scott instructions as to tmemgé financial arrangements for
the observatory: that its annual allowance fromNfeteorological Office should be
the same as under the BAAS (£400), as should tleysaf the superintendent
(E200). With regard to any overtime to be paidhe assistants, Gassiot was ever
the shrewd businessman: ‘we must take care nairtorence with too high figures,
as it is at all times difficult to reducg®. The general terms of the agreement were
presented to the Council at its next meeting odurte. Gassiot was to present the
Royal Society with £10,000 worth of securities, wast, for ‘carrying on and
continuing magnetical and meteorological observatiowith self-recording
instruments, and any other physical investigatemmay from time to time be found
practicable and desirable’ at Kew Observatory. TDhservatory and the trust
income were to be managed by a committee appobyteéde Royal Society Council.
Yet although in both the Council minutes and thisttideed itself, this committee’s
services were to be gratuitous, ‘like those of hesent Meteorological Committee
nominated at the request of Her Majesty’s Goverrtimaaither document specified
that the new committee’s membership was to be icantto that of the

37 Spottiswoode to Gassiot, 26 May 1871, RS:MC.9.207.
38 Gassiot to Scott, 3 June 1871, TNA:BJ 1/92.
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Meteorological Committee, as in the proposal oetlily Sabine on 25 M&y. Not
only did this allow for flexibility as to which psons might control Kew
Observatory in future: as we will see in Sectiof, 3he membership of the Kew
Committee would cease to be identical to that ef Meteorological Committee in
the years after 1871. It also suggests that Sdf@idenerely used a promise that the
new Kew Committee would be identical to the Metéogacal Committee in order to
sugar the bitter pill of the Royal Society taking the observatory’'s management —
even after John Herschel, the most distinguishgectdr to this arrangement, was
no more.

The final trust deed was sealed at the 29 Juneclomeeting. At the same
meeting, the Council appointed the new Kew Committe run the observatory
under the Royal Society. The committee’s membprshiDe La Rue, Francis
Galton, Gassiot, Admiral George Henry Richards,ii8glColonel William Smythe,
Spottiswoode and Wheatstdhe was indeed identical to that of the Meteorolabic
Committee, so Sabine’s promise was fulfilled toibegith, even though it carried
no legal weight. Also striking, however, is thdttlhese eight members of the new
committee, six had been on the final Kew Committgpointed by the BAAS
Council on 5 November 1870— suggesting, once again, that the handover of the
observatory from the BAAS to the Royal Society waagre-planned manoeuvre by
Sabine and Gassiot. On 8 July Sharpey, SecraidhetRoyal Society, informed his
counterpart in the BAAS that the Society was noadseto take over possession of
the Kew buildings. Management of the observatarynblly passed to the Royal
Society Kew Committee on 2 August, when the BAASu@ol, meeting at
Edinburgh during that year's BAAS annual meetingeldred that the Association
could ‘give up possession of the Kew Observatorprate’®> In his presidential
address at the same BAAS meeting, William Thomsmised ‘the magnificent
services which it [Kew Observatory] has renderedsdence’ and noted that the
observatory now had ‘a permanent independencekthm‘the noble liberality of a
private benefactor, one who has laboured for itdfane with self-sacrificing

devotion unintermittingly from within a few yearsf ats creation’.  Yet,

39 RS:CM, 15 June 1871. The trust deed itself isimeg in, for example, Anon. (1940), pp.
134-138.

40RS:CM, 29 June 1871.
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42BAAS:CM, 2 August 1871; MMC, 3 July 1871, TNA:BP8
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unsurprisingly in a presidential address, which @gects to be celebratory,
Thomson skipped over any reference to the BAAS gaimable to continue
supporting Kew and the complicated story as to haame within the control of the
Royal Society*3

Gassiot’s donation was not quite the same agXample, the Mond bequest
to the Royal Institution, given by a businessmarowlad made his fortune in the
chemical industry and who believed in the imporearaf laboratories to that
industry**  Mond ultimately intended his donation to bendfis industry and
increase its profits. Unlike Mond, Gassiot haddmee rich through activities far
removed from those that he was now endowing. Nas the Gassiot trust an
instance of a businessman trying to buy his way nespectability by endowing a
scientific institution, as was starting to becorashionable in the United States in
the 1870s — as in, for example the case of the Cbkervatory, an astrophysical
observatory with state-of-the-art instrumentatiamded by wealthy American
magnate James LidR. Gassiot had set up the standardisation prograatni@ew
and had served as chairman of the Kew Committexe 5i853, so he had a close and

direct interest in the work of Kew Observatory haswas proud to admit:-

| need scarcely say that it has afforded me muelaspire, to have had it in my
power, through the Royal Society, to assist in a@iing an Establishment with
which | have, for so many years, been connééted

While Sabine was effectively the director of resbaat Kew, and may well have
persuaded Gassiot to endow the observatory, Gadsiatly also had an ongoing
personal interest in its work. The Gassiot trosteéfore seems closer to being a case
of a devotee of science privately funding reseamnalthich he had an interest, in the
traditional Victorian manner. It surely also stareb a dramatic exception to Roy
MacLeod’s assertion that the Devonshire Commissiotalls for greater state
support were given greater urgency because ‘pripaianthropy in support of

scientific research was nowhere to be séén’.

4 Thomson (1871), p. Ixxxvii.

4 MacLeod (1971b), p. 227.

45 Osterbrock et al. (1988).

46 Gassiot to Sharpey, 4 July 1871, RS:MS.843.30.
4" MacLeod (1971b), p. 211.
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In the next two sections | describe how Airy’dddi attempt to take over the
Kew meteorological observations, followed by his@ssful one to transfer the Kew
photoheliograph to Greenwich, were intimately mdatboth to Airy’s period as
President of the Royal Society and also to therowatsies in the learned societies
of the 1870s as to government funding of sciencgeneral and observatories in

particular.

5.3 Meteorology and the ‘National Observer’: Airy’s coup attempt, 1871-1872
As noted in Chapter 4 (Section 4.5), when the Melegical Office was
reorganised in the mid-1860s and a system of ldstrwatories was set up, Airy
had strongly resented the exclusion of Greenwigimfthe proposed new system. In
the same section | also described how, shortlyrbefas, he had challenged Sabine
over the necessity of continuing magnetic obseowatiat Kew, on the grounds that
these were best done at Greenwich, by the ‘NatiGtelerver’. Now, in late 1871,
Airy began an attempt to transfer to Greenwich tesponsibility for the
meteorological observations then being done at dsvwpart of the Meteorological
Office’s system of observatories. Airy was not cassful in this move, but the
controversy it generated is important for our assent of the importance of Kew
Observatory in the organisation of the physicakmsces and, in particular, the
observatory sciences in the 1870s. Airy’s attechmieup over Kew meteorology
has been discussed before. James Burton hash#skitrin some detail, but he does
not set it in the context of either Airy’s long-teranimosity towards Sabine and
Kew or the wider politics of science in the 187®sSimilarly, Malcolm Walker
presents the episode as something that shouldavet treappened, a distraction from
Kew Observatory’s role in the triumphant story loé tMeteorological Officé® No
history yet written has set the episode in theohysbf Kew Observatory. In this
section | will describe the controversy in this @ and also that of the
controversies over science patronage in the 1870s.

On 27 October 1870, Sabine announced his intentibrresigning as
President of the Royal Society with effect from B@vember 1871. He was
succeeded by Airy. There is no evidence that Aag anything to do with Sabine’s

48 Burton (1988), pp. 113-116.
4 Walker (2012), pp. 104-106.
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resignation; as noted in Section 5.2, Sabine had bader increasing pressure, due
to widespread dissatisfaction among Fellows towdnidsleadership. The candid
pamphlet by his friend Gassiot, describing the &vdeading up to Sabine’s
resignation, does not implicate Airy in any wdyAccording to Walter White, the
Royal Society’s full-time Assistant Secretary, wied intimate knowledge of Royal
Society politics, Sabine’s intention was that higccessors would be from the
aristocracy: first Lord Salisbury for two yearsethLaurence Parsons, the Fourth
Earl of Rossé! As Ruth Barton has persuasively argued, it wasirtfluential ‘X-
Club’ — among whose nine members were Huxley, &vatbde and Hirst — who
were instrumental in nominating Airy for the premidy in 1871. They definitely
did not want an aristocrat as President, but rathezminent, working scientist who,
preferably, did not want to remain President far klmng. Airy, as head of the world-
famous Greenwich Observatory, fitted this bill petfy>?> Walter White records
that in March 1871 Spottiswoode (an X-Club memlzer) George Gabriel Stokes
(secretary of the Royal Society) visited Greenwloffer Airy the nomination, that
‘he accepted without reserve’ and that the nomamatwas unanimously supported
by the CounciP?

On 11 December 1871, less than two weeks aftergbelected President,
Airy wrote to Meteorological Office director Robe#cott, claiming innocuously
that: ‘In my new position in connexion with the RdySociety, there has come
before me general mention of the Kew Observatony @nits connexion with the
Meteorological Office.” He asked Scott how muchk theteorological observations
at Kew and also the reduction and printing of tesutts from the other self-
recording stations were costing the governmentaduhition, he signified his wish to
visit Kew.>* Scott’s reply informed him that the governmentevpaying £250 per
annum for the Kew meteorological observations.s@an as he had received Scott’s
letter, Airy wrote to Samuel Jeffery, superintertde Kew Observatory since
August 1871 (see Section 5.5) and between themattrapged for Airy to visit Kew

on 19 December. Airy's visit seems to have bedac#finding mission, for he

%0 Gassiot (1870).

51 White (1871), p. 229, 4 January 1871.

52 Barton (1990), p. 67.

53 White (1871), p. 232, 17 March 1871.

54 Airy to Scott, 11 December 1871, RGO 6.394.240.
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followed it up three days later by writing to Jeffevith some technical questiofrs.
By 6 January Airy had written a paper to be cirtadato Council members prior to
the next meeting. This pointed out that while gogernment was spending £250 a
year on maintaining Kew as one of the self-recaydireteorological stations, not far
away the Meteorological Department at Greenwictgldished several years before
that at Kew, was ‘more complete in its equipmeantthe Kew Observatory, at least
equal to it in the excellence of its instrumentsd ainder the most careful daily
superintendence’. Airy thought it wrong, therefoill to load the Government
with this unnecessary expense’ and proposed tlaedures should immediately be
put in place to transfer to Greenwich the obseovaticurrently being done at Kew
under the Meteorological Committeke.

Airy sent his paper to George Gabriel Stokes, kima Professor of
Mathematics at Cambridge. Stokes, described bydDatison as ‘one of the great
administrators of Victorian scienc®’,had been a secretary of the Royal Society
since 1854 and so had been intimately aware optsitions of Kew Observatory
and the Meteorological Office with respect to they® Society ever since the
establishment of the Meteorological Departmenthef Board of Trade in 1854. In
the 1850s he had obtained a sum of money from th@alRSociety Government
Grant to do some experiments of his own at Kew f@#ra3, Section 3.2). His
initial reply to Airy was friendly, though he urgeshution, advising that Airy’s
proposal should be sent to the Kew Committee betfegeCouncil decided on ¢,
But four days later, Stokes wrote again to poirittbat the Kew observations came
under the responsibility of thideteorological Committee, whose authorisation was
‘quite distinct’ from the Kew one — an example @whthe two committees, though
identical in personnel for the time being, werealggdifferent (see Section 5.2).
The Meteorological Committee reported to the BoafdTrade, not the Royal
Society, and so Stokes now thought it ‘hardly propa the Royal Society to be
questioning how a department of the Board of Trads being ruf® Airy went
ahead with his proposal anyway, at the Council mgein 18 January 1872. Very

%5 Airy to Jeffery, 13 December 1871, RGO 6.394.2kffery to Airy, 14 December 1871,
RGO 6.394.245; Airy to Jeffery, 22 December 187G(R6.394.247.

% QOriginal version with letter from Airy to Stoke8,January 1872, RGO 6.394.256; printed
version in RGO 6.394.276.

5" Wilson (2002), p. 118.

%8 Stokes to Airy, 8 January 1872, RGO 6.394.262-266.

%9 Stokes to Airy, 12 January 1872, RGO 6.394.268-275
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near the start of the meeting, he raised the cuesti whether it was worth
continuing the Kew meteorological observations avegnment expense, while
‘equally efficient’ observations were, ‘and havadabeen’ done at Greenwich. The
minutes merely record that after ‘some discussith€, matter was not pursued and
that Airy announced his intention to follow it ujrettly with the Meteorological
Committee®®

The Meteorological Committee, still chaired by Bah was by this stage
well aware of Airy’'s renewed interest in Kew, focd®t had almost immediately
informed the Committee of his correspondence witly Adack in Decembéei
Three days before the January Royal Society Coumakting, Scott bluntly
reminded Airy of the limits of his jurisdiction bguoting a Parliamentary Paper,
which pointed out that the Royal Society merely mated the membership of the
Meteorological Committee and had no connection it Meteorological Office,
thus fortifying the Committee’s position with legalanctiorf? True to his
announcement at the Royal Society, Airy wrote t® @ommittee on 22 January,
enclosing the same paper that he had circulatéidet&Royal Society Council. Airy
was careful to note that he was sending this astlggestion of the Royal Society’s
officers, implicitly denying any personal moti%&. At its next meeting the
Meteorological Committee considered ‘various draffsa response to Airy. In the
version sent, Scott again deployed the weapongdl Isanction in reminding Airy
that the system of meteorological observatoriess'adopted by Her Majesty’s
Government’ and was a matter for the Board of Trateaddition to there being a
technical requirement for Kew having to be onehef $elf-recording observatories if
it were to work properly as the nerve centre f@r dther stations scattered across the
British Isles, moving the meteorological observiasi@onducted there to Greenwich
would mean placing them under a different goverrnndepartment — the Admiralty
— over which the Meteorological Committee had notad. At the end of the letter
Scott called Airy’s bluff: the Committee ‘will beeady to advise the Board of Trade

... if they should be consulted in the matfér'.

60 RSCM, 18 January 1872; MMC, 29 January 1872, TNISE.

61 MMC, 18 December 1871, TNA:BJ 8/9.

62MMC, 15 January 1872, TNA:BJ 8/9.

6 MMC, 29 January 1872, TNA:BJ 8/9.

64 Airy to Scott, 2 February 1872, in MMC, 5 Februagi2, TNA:BJ 8/9.
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Airy does not seem to have approached the Boafdaafe on his own, likely
because he knew that the Board would throw the tmquestraight back to the
Meteorological Committee — or, even worse, its ©han, Sabine. Yet he did
propose that the Royal Society Council follow tkisategy collectively. On 11
April he announced that he would put three motibatre the Council at its next
meeting: first, that it was within the ‘competen®f the Royal Society to enquire
into whether it was necessary for Kew to remaindéstral observatory and make
representations to the Board of Trade if need eegrsd, that responsibility for the
meteorological observations now being made at Kéwulsl be transferred to
Greenwich; and finally, that a copy of the secoratiom should be sent to the Board
of Trade. Airy put the first of these motions nélae end of the 18 April Council
meeting, but no one seconded it and so Airy didseetit as worthwhile to move the
second and third resolutiofs.

No further moves by Airy to transfer the Kew metdogical observations to
Greenwich are recorded in any minutes or correspacel for the rest of Airy’s
tenure as President of the Royal Society. Airy hadurisdiction over the Board of
Trade, a different department from Greenwich’s gowey body, the Admiralty. Yet
neither could the Royal Society simply tell the Bbaf Trade what to do. Seeing
that there was no way of ever persuading the Melegical Committee, at least for
as long as Sabine remained its chairman, Airy isegosition as President to seek
the Royal Society Council’s authority to persuade Board of Trade. As Walker
has noted, we may never know the unrecorded maamsabehind the scenes at the
Council®® but it is reasonable to imagine Airy presumingtti@ a majority of its
members (eighteen are recorded as present on i} viipre not involved with the
Meteorological or Kew Committees, he had a charigeecssuading enough of them
to take his side. Yet it is also plausible tha @ouncil members would have agreed
with Stokes that it would be *hardly proper’ foretiRoyal Society to be questioning
how well a department of the Board of Trade wasdpeun.

As several historians have shown, Airy had longressed the view that the
burden imposed by Greenwich, and science in gerarahe public purse should be
minimised as far as possible. He had repeatedigdaihe opinion that only
observations with a utilitarian purpose should beelat Greenwich, while those of

6 RS:CM, 11 April 1872; RS:CM, 18 April 1872.
% Walker (2012), p. 106.
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an experimental nature or with no practical appiloces should be carried out by
private individuals at their own expense, or peshapth occasional grants from
funds such as the Royal Society Government Granit is easy to envisage,
therefore, Airy taking the same attitude with rebgao the Kew meteorological
observations, which he saw as an unnecessary dtiphicof work at public expense.
But if he simply wanted to avoid duplication, hegimi have indicated that he wished
to discontinue the Greenwich meteorological wodwrihat a perfectly good system
was running at Kew. Similarly, Airy’'s attempts the 1860s to stop the Kew
magneticobservations could not have been driven by a @éésisave public money,
as these were privately funded by the BAAS. A wislkeep hold of the staff who
ran the Greenwich ‘Mag. and Met.” department — egply James Glaisher, one of
his most loyal members of staff as well as the npodticly-known — would surely
also have been a factor in Airy’s desire to cordgitive meteorological observations
at Greenwich. Yet one suspects that a major maifvAiry's in his attempts to
wrest control of the magnetic and meteorologicalesbations from Kew — or to stop
them from going there in the first place — was ¢efk his prestige as the ‘National
Observer’, at the top of the hierarchy of obseoral astronomy and its allied
sciences. To Airy, rival establishments like Kewre usurpers. Airy’s attempt to
take over the Kew meteorological observations @asden as a failed attempt to put

down this long-time usurper.

5.4 The Kew photoheliograph: Airy’s successful cqu 1872-1873

Airy was much more successful in transferring tee€dwich another branch of
research for which Kew had become famous by thiy @870s: solar photography.

The Kew and Meteorological Committees did not adae same difficulties over

this, because the Kew Committee was already plgntairierminate the programme
once a full ten years of continuous solar photolgsagt Kew had been completed in
January 1872. Secondary sources generally redbahtthe photoheliograph was
simply transferred from Kew to Greenwich in 1873theut discussing how or why

this happeneff In this section | show that Airy acquired the Kphotoheliograph

7 Higgitt (2014); Chapman (1988b), pp. 45-46 andAlter (1987), pp. 80-81.
® The popular science writer Stuart Clark has byiefited that Airy’s opening negotiations
with De La Rue to acquire the photoheliograph smtkba plan to open a new solar
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for Greenwich on his own initiative. As with theeteorological observations
discussed in Section 5.3, we will see that Airy'stive was partly to redress the
balance of power between Greenwich and Kew. Iritiadd it would seem that Airy

was motivated by a desire to forestall moves by tmgoing Devonshire

Commission, and in the Royal Astronomical Socigtyset up a new solar physics
observatory under the direction of Norman Locky#drseems likely, also, that Airy

had ulterior motives in accepting the presidencthefRoyal Society.

During his visit to Kew in December 1871, Airy se® to have taken an
interest in the photoheliograph in addition to theteorological work ther®. Then,
on New Year's Day 1872, Airy wrote to De La Rueaiprivate capacity, saying that
he was ‘sorry to hear’ that De La Rue’s solar pgaphy project was coming to an
end so soon, something that Airy must have beemeawfador some time. He asked
whether part of the Gassiot money could be divefitesh magnetism to continuing
the solar work, knowing that this would never hapfi as long as Sabine remained
in control of Kew. Then, in a postscript, he rekeal that ‘| set great value on the
continuation of the sun-pictures, and regret thearinot take them up here’. Airy
seems to be hinting here that he wanted them fee@vich° De La Rue’s
enthusiastic response the next day strengthenpakisbility: he expressed the wish
that the solar observations should be carried ot permanent basis and should be
funded by the government: ‘I wish very much thaas@hotographic observations
could be made the business of a Government Edtaidist’ — of which Greenwich
was the only example for astronomy in England. @bst, said De La Rue, would
only be around £200 per annum. He finished higrdetith the comment that ‘if
ever meteorology is to be placed on a scientifisid#hat §ic| it will have to be
studied in connection with solar phenomefia’.

Airy and De La Rue were old friends by the earB7Qs, as is clear from
their reciprocal New Year’s greetings in the abexehange of letters. To Airy, De
La Rue must have been a shining example of howetieed astronomy outside

Greenwich should work, with new fields like solanygics being pioneered by

observatory, independent of Greenwich (Clark (20@p) 134-135). This agrees with one
strand of the argument presented here.

6 Airy to Jeffery, 26 December 1871, TNA:BJ 1/38; Mfile to Airy, 28 December 1871,
RGO 6.394.250.

0 Airy to De La Rue, 1 January 1872, RGO 6.394.252.

1 De La Rue to Airy, 2 January 1872, RGO 6.394.253:2
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wealthy devotees of science like De La Rue, fundiver research from their own
resources. De La Rue’s comment about meteorolaggt miso have been music to
Airy’s ears, not least because Airy himself felatttmeteorology needed a stronger
theoretical footing before it could properly beledla sciencé It is therefore not
surprising that, at the Board of Visitors meeting b June 1872 De La Rue, as a
member of the Board, proposed that ‘the time heseat when it would be for the
advantage of Science that continuous photograptdcspectroscopic records of the
Sun should be made at the Royal ObservatGryBy November, Airy had informed
the Royal Society Council that pending Parliamefitsancial arrangements’, he
would soon have authority to commence photograpotar observations at
Greenwich. He also said that he wanted the loaheoKew photoheliograph on the
grounds that the government had just spent a giest of money on several new
photoheliographs for the 1874 transit of Venus aodhey should not be asked to
fund an additional instrument. Once again, Airgdishe pretext of saving public
money to advance his interests — in this casesfegaing the photoheliograph to
Greenwich so that no rival could use it. The Cduwilingly gave its assent to
Airy’s request: solar photography was now redundarf€ew and had nothing to do
with the Meteorological Officé* With permission granted, Airy lost no time in
moving the photoheliograph to Greenwich. Just elnadter the 31 October Council
meeting, an agent of Airy’'s had called at Kew toamine the base of the
instrument’® By June 1873 the photoheliograph had been placeal dome at
Greenwich and it was in regular use from April 1874

That Airy should so artfully negotiate the tramsfef the Kew
photoheliograph to Greenwich might appear incoestswith his highly utilitarian
stance on Greenwich’s role, as sunspot observatas surely far removed from
timekeeping and navigational astronomy. IndeedyeReh Higgitt has suggested
that Airy had to be pressed by the Board into difging into the new type of
astronomy.” Simon Schaffer and Roger Hutchins have each stegehat Airy

accepted the introduction of solar photography beeghotography was a form of

2 Meadows (1975), p. 103.

73 Minutes of Board of Visitors, 1 June 1872, RGO 55.

4 Airy to Stokes, 19 October 1872, RS:MC9.419; RS;GM October 1872.
S Airy to Jeffery, 7 November 1872, TNA:BJ 1/42/402.

6 Reports to Board of Visitors, 7 June 1873 andr&Ji874, RGO 55.
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automation that could reduce observer error, likedevice for timing star transits.
But why institute solar observation at all, autoatabr not? Because of its alleged
connections with terrestrial magnetism and metegngl Airy might have considered
sunspot research as being no less utilitarian tharmagnetic and meteorological
observations that he had been running at Greenfeicmearly thirty years. He
might have inferred this from the assertion in ZeRue’s letter of 2 January 1872,
that if meteorology were ever to be consideredntifie, connections had to be made
between it and solar activity. Acquiring the phwbograph made perfect sense as
an extension to the existing Magnetic and Mete@iokl Department. For as long
as the instrument was operated by his friend DeRua, Airy was prepared to
tolerate it being run at Kew. But now that it wagdundant, he did not want it going
into anyone else’s hands and so he had to hawksitthe ‘National Observer’, Airy
saw solar astronomy as his prerogative as much agnetism and meteorology.
Airy did not have any problem with introducing nequipment and programmes at
Greenwich, so long as they did not conflict witk btilitarian agenda.

By the time the photoheliograph was in regular ais&reenwich, Airy was
no longer President of the Royal Society. He stdpgown with effect from the
Society’s Anniversary Meeting in November 1873gmfjust two years in the post;
indeed, he announced his intention to resign atpiteious year's Anniversary
Meeting and confirmed his decision at a Council tingein December 1872, His
presidency was the shortest since William Wollastad held the post for just five
months in 1820 after the death of Sir Joseph Bamet.it is striking that Airy made
his first recorded moves with regard to the Kew eunatlogical observations on 11
December 1871, less than two weeks after he watedl®resident, and he made his
first enquiries about the Kew photoheliograph jostr a fortnight later. Historians
have generally accepted the official reasons Aiayegfor his resignation in his
autobiography and in his final Presidential Addrdhat the position involved too
much work; that he was based too far from centoaldon, where the President of
the Royal Society frequently had to attend meetiagd also ‘a difficulty of hearing,
which unfits me for effective action as Chairman @buncil’® Yet it seems

scarcely plausible that someone as astute as Aiffyellow of the Royal Society

8 Schaffer (1995), p. 276; Hutchins (2008), p. 284.
® Anon. (1872), p. 30; RS:CM, 19 December 1872.
80 Airy (1896), p. 303; Hall (1984), p. 111.
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since 1836 and with long experience of the Sociesjfairs, was not aware of the
nature of the President’s role before he took it &m fact, in December 1870, just

six weeks after Sabine announced his resignatiog,b&gan a letter to De La Rue:-

Since our last conversation, | have thought repibaten the Presidency of the
Royal Society. And my feeling is, that it is enduered with many difficulties.

The ‘difficulties’ recognised by Airy included thadf managing his work as
Astronomer Royal so that he could devote sufficignte and attention to the
presidential duties, as well as ‘the absorptionime and strength by attendance at
Councils and Meetings’, the fact that he lived faour’s journey’ from the Royal
Society’s premises and also his ‘slowly increasilegfness® Thus Airy indeed
had few illusions as to the amount and nature @ftbrk involved if he accepted the
office of President: in 1870, he anticipated al teasons that he eventually gave for
resigning.

In addition, that Airy wrote to De La Rue as eaalyDecember 1870 shows
that he was seriously considering taking on the pbdresident very soon after
Sabine’s resignation. Moreover, the opening wol8s)ce our last conversation’
show that verbal discussions about the possibiiag already been taking place
between Airy and De La Rue. All this suggests thiay had an ulterior motive in
becoming President. Now that Kew Observatory washy the Royal Society, Airy
might have seen the presidency as an opportunitattéast transfer back to
Greenwich some of the balance of power which Sabatkestolen for Kew. Further
evidence for Airy having such an ulterior motivectntained in a letter by Balfour
Stewart dated soon after the announcement of signation:-

| hear that Airy has twice tried to stop the Metdogical Committee and no doubt
Kew Observatory also but | fancy it was seen byGbencil that his motives were
not pure so that he was snubbed and has expreissetehtion of resignintg

For as long as it offered the possibility of lowgyiKew Observatory to what he saw
as its correct place in the hierarchy, Airy mayéaegarded the increased workload
that came with the presidency worthwhile. But nibvat the photoheliograph was
securely in his possession — even though his cabpmpt over the Kew

81 Airy to De La Rue, 12 December 1870, RGO 6.396.17.
82 Stewart to [Whipple?], 20 December 1872, TNA:B341/
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meteorological observations had been ‘snubbedhikyGouncil — Airy clearly saw
no point in carrying on as President. The nomamatf Airy for the presidency in
1871 may, as discussed in Section 5.3, have stheX-Club, but for Airy to have
allowed his name to go forward, it must also haviged Airy.

Airy may have had a second ulterior motive in &cqg the Kew
photoheliograph that would have a much greaterifsignce for our understanding
of the ongoing debates in the 1870s about statposufor science. The issue of
government-funded observatories and laboratories wet addressed until the
Devonshire Commission’s eighth and final reportblghed in 1875, but the
relevant hearings took place in the spring and semoh 1872, which was when
Airy, De La Rue and Alexander Strange all testifieefore the Commission. The
hearings were conducted by small panels of welllknacientific personalities,
notably Thomas Huxley, William Sharpey and Georgebi®l Stokes, under the
chairmanship of the Duke of Devonshire. Airy, Da Rue and Strange were all
guestioned as to the possibility of establishingneav, state-funded observatory
dedicated to the new astronomical physics, espgcighotographic and
spectroscopic studies of the Sun. Strange exmfetise belief that such an
observatory, if established, had to be independi@reenwict® De La Rue took a
more ambivalent position: a new observatory, hd,sshould be under the aegis of
Greenwich and come under the Astronomer Royaljttsliould not necessarily be
built at Greenwicl¥* Airy, on the other hand, did not believe thatesbatories for
open-ended, non-utilitarian research should bebksited at cost to the public purse
— though he did express the view that regular soleervations could be done at
Greenwich. Airy specifically said that daily sofanotographs like those being done
until recently at Kew should be publicly supportedhough he did not refer to his
correspondence with De La Rue earlier in 1872dadgove, which had set in motion
the transfer of the Kew photoheliograph to Greehwic

By the time Airy had presented his views to then@ussion, the idea of
setting up a state-funded observatory for astrooaimphysics had become a
contentious issue in the Royal Astronomical Socigty a meeting of the Society on

12 April 1872, Strange presented a paper provosgtiitled: ‘On the Insufficiency

8 Strange (1872a), p. 76; Becker (2011), pp. 139-140
8 De La Rue (1872), p. 302.
8 Airy (1872), pp. 93-94 and 97; Becker (2011), p0-141.
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of Existing National Observatories’.  Strange vesyrongly advocated the
establishment of a new observatory, separate fragervich, dedicated to solar
research and stellar spectroscopy, complete witb@aratory for chemical analysis
of spectroscopic results, plus a series of otheendatories across Britain’s imperial
possessions. In this regard he expressed partigoiaety at the recent termination
of the Kew photographic observations: the Sun wasonger being systematically
monitored anywhere in the British Empire and it Vdobe ‘an evil’ if this situation
were to continue. As Barbara Becker has acknowéd&trange’s motive was
likely to rally support for his testimony to the @mshire Commissioff. As
described in Chapter 1, Strange had instigate@¢hbe of events that had led to the
Commission being set up; now, in 1872, he was lglesming this paper in order to
guide it towards his own aims for greater stat@iwement in research such as solar
physics.

Strange’s paper was followed by a discussion, lmckv Airy responded by
asserting that it was not the job of a governmdrgeovatory to do theoretical
research on the physics of celestial bodies arat-setrestrial relations: ‘It was the
place of a Government not to establish philosophicsatitutions, but working
bodies.?” In the weeks after the April 1872 meeting, thepmsed observatory for
astronomical physics became the subject of heabdtds at RAS Council meetings,
with Strange and Lockyer passionately in favouthef new observatory and most of
the other Council members firmly against it. Thantcoversy culminated at the
Council meeting on 29 June 1872, which voted inofavof sending to the
Devonshire Commission a memorandum recommendingithaeparate observatory
for solar physics be established, ‘especially as/ thave been informed that the
Board of Visitors of the Royal Observatory at Gremm, at their recent meeting,
recommended the taking of Photographic and Specipas records of the Sun at
that Observatory?® This was the first public announcement that splestographic
observations were to be established at Greenwichgeeed by the Board of Visitors
earlier that month and as privately arranged betwiey and De La Rue at the

beginning of 1872. This move seems to have bephdexret, for no mention of it

8 Strange (1872b), p. 240; Becker (2011), p. 137.

87 Quoted in Becker (2011), pp. 138-139.

8 Hollis (1923), pp. 174-175; also quoted in Mead¢2B08), p. 96; also Becker (2011), pp.
142-143.
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was made in any publication prior to 29 June. Qmly12 July, when it was his turn
to testify, did De La Rue mention the Board’'s decisto the Devonshire

Commission and remark that ‘I believe it is in anplation to establish such a
series of observations’ at Greenwith knowing full well that these had been ‘in
contemplation’ since January.

The narrative of Airy’s private moves to acquihe tkew photoheliograph
and then the controversies over the proposed pblgsics observatory reads very
much like the sequence of events in 1840 (Chapt&e2tion 2.3), when Sabine’s
faction had applied to the government for a sepanagnetic and meteorological
observatory and then, when Airy had come to heawutalt, he had punctured
Sabine’s plan with a proposal for his own, extentafnetic and Meteorological
Department at Greenwich, at a substantially lovest ¢o the public purse. Now, in
the 1870s, Airy once again put a stop to a planafoival observatory by not only
offering to take on solar work at Greenwich, bus ttime arranging the transfer of
the photoheliograph with De La Rue months befoeepllan was announced. Becker
has also cited documentary evidence that Huggind Amy corresponded in
February 1872 about starting spectroscopic wor&raenwich™® It is likely, then,
that these moves by Airy were not only one of @& Rcts in his long rivalry with
Kew, but were also in anticipation of the Devonshtommission. By early 1872
Airy, as President of the Royal Society and hawangntricate web of connections in
the London scientific world, would have known abdleé moves afoot to review
public scientific institutions and would have beperturbed by the idea of the
Commission’s secretary forestalling him with a sapa observatory. As early as
April 1871 Balfour Stewart was anticipating that iseall probably be examined
before the Royal Commission in Jufy. By then, Airy would have seen a similar
need to prepare. Lockyer eventually received aiithto establish his own solar
physics observatory at South Kensington, but tldsdt happen until 1881, the year
of Airy’s retirement as Astronomer Royal, by whithne daily solar photography
was firmly established as part of the routine aeamwich.

In the next section we shall see how the main doouthe work at Kew

shifted from studies of the Sun and terrestrial metigm, towards the ongoing work

8 De La Rue (1872), p. 302.
% Becker (2011), p. 141.
%1 Stewart to Whipple, 11 April 1871, TNA:BJ 1/84.
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of the Meteorological Office and an expansion amnerdification of the already

lucrative programme of instrument standardisation.

5.5 Meteorology and metrology: the working of KewObservatory, 1871-1885
When we compare it to the high drama of the 186k early 1870s — the solar
discoveries, the Sabine-Stewart confrontations,hdwedover to the Royal Society
and Airy’'s machinations — it is easy to think okthistory of Kew Observatory
between the early 1870s and mid-1880s as a lorigdoef stability, in which the
observatory continued its existing meteorological sstandardisation work, in
addition to remaining an important centre for gegneic observations. It is
certainly possible to gain this impression fromdiag Meteorological Office
director Robert Henry Scott’'s 1885 history of Kevbg@rvatory. The section of
Scott’s history dealing with the period from 1862the early 1880s seems to consist
of summaries of the annual reports of the Kew Camemiand so presents an
‘official’ history, in which any unpleasantness,chuas the rivalry between Sabine
and Airy, is kept firmly offstag&’ Here | will argue that the period between the
Royal Society taking over the observatory in 187h#l she publication of Scott’s
paper in 1885 was less stable than it seemed. n®uhe mid-1870s, Kew went
through a lean time in terms of funding and scfentiutput. Some key members of
the Kew Committee — notably Sabine — withdrew fithie scene, leading to a lack of
leadership at the top. The observatory’s fortumggoved from the later 1870s, but
with this came a change of emphasis. Geomagnetd#iimugh still important,
became a routine and somewhat secondary aspeut a@bservatory’s work, while
meteorology assumed greater relative importanceut &bove all, instrument
standardisation became the dominant activity at kashis programme diversified
into testing instruments unconnected with the traal work done at Kew, notably
clinical thermometers. By 1885, standardisatiors Waew Observatory’s largest
single source of income. | will argue that finalq@ressures, as well as the changing
make-up of its governing committee, forced Kew ézdime essentially a laboratory
of serviceto science, rather than a place of research aBA#S Council had at

least partly envisaged it prior to 1871.

92 Scott (1885), pp. 64-71.
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When Balfour Stewart resigned as superintendenes Observatory in
October 1869, his job was offered to former magnasisistant Charles Chambers
(see Chapter 4, Section 4.5), but in the event @easnstayed in his post at the
colonial observatory in Bombay. Stewart remainechimally superintendent, even
after taking up his professorship at Manchesterth@ autumn of 1870. The
correspondence shows him running the observatonptedy, down to paying the
salary cheque® He continued in post even after late Novembe018hen he was
severely injured in a train crash that left him $@dbound in Harrow, Middlesex
until the spring of 1871. During these monthswiife Katherine, known as ‘Katie’,
wrote to the staff at Kew on his behalf. For exéanm January 1871 she wrote to

chief magnetic observer George Whipple:-

Mr. Stewart would like to hear how the magnetiakvs getting on?

He is going on very well, he can pull himself framne side of the bed to the
other..2*

By 1871 it might have looked as though Kew Obsemyatvas being run by an

extended family, for Katie Stewart was not the amnfyman helping to run the place.
In June 1870 Elizabeth Beckley had married Geordgpe®® She had played an

essential role in taking the sunspot pictures (@rag, Section 4.3) and was still
measuring the surface areas of sunspots on thegraphs’® Katie refers to her as

‘Lizzie’ in her 27 January letter: from the familiname she was clearly part of the
Kew ‘family’.

Lizzie’'s husband had, in fact, assumed the runointhe observatory after
Stewart had left for Manchester. Scott’s statentenGassiot of the work being
performed by each member of staff has ‘generalrsigien of the daily work of the
Observatory’ at the top of the list of Whipple’'stids. Whipple was also in charge
of correspondence and finance, in addition to sugeg the magnetic and
meteorological observatiof$. As noted in Chapter 3 (Section 3.4), he had jbine

Kew in January 1858 as a boy of fifteen. He haiigity carried out meteorological

% See, for example, Stewart to Whipple, 11 April 1L8VNA:BJ 1/84.
% Katie Stewart to Whipple, 27 January 1871, TNAIESX.

% Clerke and McConnell (2004).

% Stewart to [Whipple?], 28 February 1871, TNA:B34L/

% Scott to Gassiot, 22 May 1871, TNA:BJ 1/92.
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observations, before progressing to magnetic wdkice Chambers’ departure in
November 1863 he had been the most senior assadt&ietwv and Scott’'s 1871 letter
to Gassiot refers to him as ‘1st. Assistant’. 871, too, Whipple was awarded the
degree of Bachelor of Science after completing avéfsity of London degree
course’® Thus in addition to his lengthy experience of netg and meteorological
observation, Whipple by 1871 had a university irajn With hindsight, he might
seem to have been another John Welsh or Balfouva®tein the making and
therefore a logical successor to Stewart when tiéerl finally resigned as
superintendent on 27 June 1871.

Yet on 3 July 1871, at its first meeting, the neabnstituted Kew
Committee of the Royal Society appointed Samudédets superintendent. Jeffery
was a complete newcomer to Kew, as he revealedlettex to Whipple later that
month, in which he expressed his intention to visgw before starting his
appointment, ‘to become somewhat familiar with ttaly routine’!®® Of all the
superintendents at Kew between 1842 and 1900, ryeemuch the least well-
known today. As Savours and McConnell have poiotgd no obituary for him has
ever been found. The Kew Committee gave no offigason for choosing him in
preference to Whipple or anyone else. Like Chambéeffery had served a long
apprenticeship at a colonial observatory. He begark at the Rossbank magnetic
observatory in Hobart, Tasmania — one of Sabineigiral Magnetic Crusade
stations (see Chapter 2) — in 1840, initially agolunteer, before serving as a paid
assistant at Rossbank between 1842 and 1853. Wehsa director of Rossbank
until the observatory closed in 1854. Followingsthe seems to have suffered some
years of unemployment, before he joined the Metegrcal Office in London in
January 1869 as a senior clerk, assisting with dieduthe data from the self-
recording observatorig$?

For all the relative obscurity of his career, hoere Jeffery had one attribute
that was essential for a post at Kew Observatayhdd never found himself on the
wrong side of Edward Sabine. 1t is likely that B&bwas instrumental in recruiting

him for Kew: in 1867, Stewart had remarked to Saltivat if a vacancy were to arise

% Clerke and McConnell (2004); BAAS:CM, 22 Septemh&58; BAAS:CM, 27 June
1860; Scott to Gassiot, 22 May 1871, TNA:BJ 1/92.

% Stewart to Sabine, 27 June 1871, TNA:BJ 1/201/8.

100 Jeffery to Whipple, 25 July 1871, TNA:BJ 1/83.

101 Savours and McConnell (1982), p. 560; Walker (3002103.
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at Kew, ‘I will bear in mind what you say of Mr Jefy’.19> Sabine may have been
motivated by a wish to help out a fellow magnetigsader now down on his luck.
Yet it is also likely that Sabine — and others ba Kew Committee — chose Jeffery
precisely becauseWhipple had the makings of another Balfour Stewakfter
Stewart’s disagreements with Sabine and Gassiet,Gbmmittee did not want
another independent-minded scientist. It would ehauited Sabine and his
colleagues to have someone who, as a colonial wdrsand later a humble clerk at
the Meteorological Office, was used to being inbadinate position. Both Stewart
and Whipple seem to have been surprised at theelodiJeffery. Whipple might
naturally have thought that the post would go ta kialso, now married and with a
baby shortly due, he would have appreciated theease in salard?® Whipple
seems to have at least considered resigiifhghile Gassiot did ‘not like the tone of
Stewarts $ic] letter, | suppose he is offended at yr. not atngpMr W. as his
successort®

In its last months under the BAAS, Kew Observatioagl a complement of
nine assistant staff, plus two temporary, ‘supererary’ assistants to help with the
reductions of observations and two part-time amsist working with the
photoheliograpi® Thanks to the Gassiot Trust, the Kew Committelendit have to
lay off any staff — with the notable exception ajldert Beckley, who had played an
important role in designing several Kew instrumgste Chapter 3, Section 3.4). In
December 1871 he was made redundant, on the grdoadthe Committee did ‘not
consider that they will have sufficient occupationfuture for the entire time of a
mechanician’. However, the Committee continued &9 pim a retainer of £10 a
year for any ad hoc design work that they mightdd8e Beckley’s dismissal was
perhaps an early reflection of how Kew after 18@étdme less of an experimental
research station and more of a laboratory providiexyices for the Meteorological
Office and commercial instrument makers, as willdiscussed below. In the same

year, two further magnetic assistants started vedrkew, to help with Sabine’s

102 Stewart to Sabine, 5 July 1867, RS:Sa.1604.

103 The baby, born on 1 August 1871, was Robert SteWdnipple (1871-1953), later to
become a well-known collector of scientific instremts. Lang and Bradley (2004).

104 De La Rue to Whipple, 8 July 1871, TNA:BJ 1/214/6.

105 Gassiot to De La Rue, 7 July 1871, TNA:BJ 1/201/11

106 Scott to Gassiot, 22 May 1871, TNA:BJ 1/92.

107 Scott to Beckley, 8 December 1871, TNA:BJ 1/214K@R, 1872, p. 40.
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magnetic reductions, but they were paid by the Wice, there being no longer
any room for a magnetic office at Woolwit$§.

Jeffery started work as superintendent of Kew @xugust 1871, the official
day of the observatory’s handover to the Royal &gci The Kew Committee’s wish
for a compliant director is evidenced by its simphe rigid definition of Jeffery’s
duties: first, to act as general superintendenthef observatory; second, to be
director of Kew as the ‘Central Observatory’ of eteorological Office; and third,
to supervise the meteorological resdfs. Unlike Stewart, he did not become
secretary to the Kew and Meteorological Committé&agtt filled both these roles
instead. Yet from quite early in his time as supgendent, members of the Kew
Committee began expressing dissatisfaction witfedgs competence. By the end
of 1872, Scott was writing to Jeffery in exaspenat

| cannot understand how you mean that the max &redudings were “beyond your
criticism” Kew exercises a supervision over evimg & figure sent up from the
observatories. 11°

Jeffery was not expected to do research and expetsmin the manner of his
predecessor, but his position still involved rumgnaamulti-function observatory that
did geomagnetic observations and large-scale tpsiininstruments as well as
meteorology. Yet Jeffery seems to have simplyiooed what he had been doing as
a clerk at the Meteorological Office, supervisirge treturns from the outlying
observatories — and not always competently, as’Sdetter above suggests. By the
spring of 1874, the reductions of observations wssdously in arrears. This
situation remained unresolved by the autumn of 183 which time other
tabulations were months behind schedule as ‘WellJeffery also seems to have
lacked the aptitude for managing people. In Novemb875, when Jeffery
apologised to Scott about the slow progress beiagenby one of his assistants in
clearing the arrears, Scott had to remind Jeffeay fyou are the best judge being on

the spot. If ... is not up to his work he shoulddigmissed at oncé®? Although

108 Sabine to Controller-in-Chief, War Office, 15 Detdser 1871, TNA: BJ 3/55.

19KCM, 3 July 1871.

110 Scott to Jeffery, 13 December 1872, TNA:BJ 1/42/44

11 KCM, 17 April 1874; Scott to Jeffery, 7 July [1&]7TNA:BJ 1/214/132; Jeffery to Scott,
11 November 1875, TNA:BJ 1/202/231.

112 Scott to Jeffery, 27 November 1875, TNA:BJ 1/252/2
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Jeffery had briefly been superintendent at Rossbaekhad only ever had one
assistant and frequently worked on his own. At Kenhad to manage at least eight
full-time staff.

That this situation was allowed to persist forleng seems to have been
partly because the Kew Committee was itself inidiffies by the mid-1870s. After
1871 the committee remained dominated by the edtlgesmen who had run the
observatory under the BAAS since mid-century: mka De La Rue, Gassiot and
Wheatstone, as well as Sabine. In 1875 Wheatsli@deand Gassiot resigned due to
ill health. Neither of these two was immediatedplaced, causing the committee to
shrink in size. After Spottiswoode resigned in 3,8Richard Strachey (a Lieutenant-
General with particular interest in Indian weathad climate) and Lord Rosse (son
of the Third Earl of Rosse, who had served as éeesiof the Royal Society from
1848 to 1852) were invited onto the CommittEebut its meetings in the early
1870s were often attended by just three or fouplgedwo of whom were Scott and
Jeffery. Although Sabine nominally remained chainnuntil his death in 1883, he
last attended a meeting of the Kew Committee oé8ember 1874'* There are
clear signs that the octogenarian was winding sgpaffiairs by this time, including
donating his library to Kew Observatoryy. By mid-January 1876, Sabine was ‘well
in health but his mind is inactive now® This suggests that Sabine’s physical and
mental powers were in decline even before 1876y#das in which Gregory Good
has suggested that this decline beff&nOf the ‘old guard’ on the Kew Committee,
De La Rue alone remained. He usually chaired Cdateenmeetings on Sabine’s
behalf, but even he had by now retired from aclisttonomical observation.

Therefore a lack of leadership on the Kew Commaitteght well be a reason
why Jeffery was allowed to remain superintendenilevkthe backlog of work
accumulated. Jeffery resigned at the Kew Committeeting of 19 November
1875, after the Committee had explained to him thahe future the observatory
would need to be headed ‘by a scientific man’, vsghecial scientific knowledge’.

It is indicative of the Committee’s hidden agendd 871 that they could then have

13 KCM, 25 July 1873.

114 KCM, 18 December 1874.

115 Sabine to Bergsma, 22 November 1873, RS:Sa.1250.

116 Scott to Meldrum, 21 October 1875, TNA:BJ 1/218/28cott to Meldrum, 13 January
1876, TNA:BJ 1/214/258.

117 Good (2004).
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appointed just such ‘a scientific man’, George Whep It is interesting that in the
same letter in which he referred to Sabine’s ‘in&ttmind, Scott was able to inform
the head of another observatory that Jeffery wdsaee Kew on 1 March 1876 and
would probably be succeeded by WhippHe.lt is possible that Scott and others on
the Kew Committee had for some time wanted to disndieffery and replace him
with Whipple, but felt unable to do so without afteng Sabine, because Jeffery was
Sabine’s protégé. But now that Sabine was safetyob the picture, they would
have had less inhibition in persuading Jefferyetsign. That the Committee offered
Jeffery £100 in gratitude for his efforts, gave hime option to leave before March
1876 and even agreed to buy his furniture for £28atly strengthens the idea that
its members wanted Jeffery to leave Kew as soopossiblet!® On Jeffery’s
departure, George Whipple immediately became actimgerintendent; he was
appointed superintendent on 14 November 1876.

The events of the mid-1870s mark an important rshtl: the end of
Sabine’s leadership of the observatory. For thst fiime since 1842, Kew
Observatory was on its own and its scientific agewduld no longer be dictated by
Sabine. The decline and departure of Sabine nagpliain why geomagnetic work
at Kew from the 1870s onwards was less innovatnaa tit had been in the 1850s
and 1860s. The self-recording magnetometers redaoperational practically
throughout the 1871-1885 period, but lessearchwas done with them. Jeffery has
no recorded involvement with the magnetometer wtis, was left in the charge of
Whipple, as it had been before 1871. With Sabmmeegand the Kew Committee’s
Vice-Chairman, De La Rue, increasingly elderly,rgday supervision of the Kew
superintendent fell to Scott, who as Director c¢ teteorological Office already
had more than enough on his schedule. Geomagnetasncertainly not part of
Scott’s duties as director, as he politely but frmeminded the son of the Belgian

astronomer and statistics pioneer Adolphe Quetelet:

Please remember if you write to me on Magneticairass to keep the letter
separate from any communications on Meteorolodinalness. This office takes no
cognizance of Magnetisii?

118 Scott to Meldrum, 13 January 1876, TNA:BJ 1/218/26CR, 1876, p. 377.
19K CM, 19 November 1875 and 25 February 1876.

120 KCM, 25 February 1876 and 14 November 1876.

121 Scott to E Quetelet, 20 January [18]74, TNA:BJL4/25.
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One of the first recruits to the Kew Committeetlwe post-Sabine era was
William Grylls Adams, James Clerk Maxwell's sucamsas Professor of Physics at
King’'s College, London. In 1879, Adams persuadedKew Committee to stop the
long series of tabulations of magnetic curves,amotir of comparing the curves
themselves with those of foreign observatoriesthvei view to the development of
the theory of magnetic disturbandé&’. This was another effect of the departure of
Sabine and his unquenchable thirst for more ancerdata that had so exasperated
Balfour Stewart in the 1860s. It also reflectedaAd’ own interest in precision
measurement, not least in magnetism, which featpredhinently in the physics
syllabus at King's$?® The international status of Kew as a centre fagnetic
observations and instruments remained undiminishedo the 1880s.
Magnetographs and dipping-needles tested at Kew vegularly supplied to foreign
observatories such as Imperial Germany’s prestigioew Potsdam Astrophysical
Observatory in 1878* Kew also sold standard forms to observatoriesefoording
magnetic observations; among the customers foethed4882 was the Cavendish
Laboratory in Cambridge, which had been establishedl874. Among the
Cavendish’s earliest acquisitions was a magnetaroeginally used at Kew. James
Clerk Maxwell, the Laboratory’s first director, us¢his to train students in making
precision measurements. Yet all this work was in service of other instituns or
individuals and not for research of the type thed been done by Sabine. Far from
being the command post of Sabine’s Magnetic Crusides was now a kind of
service regiment providing instruments and expefftis other crusades.

After 1871, Kew remained the Meteorological Officeentral observatory
for land meteorology, coordinating, checking andueng the observations sent in
by the six outlying stations: Falmouth, Stonyhu@&asgow, Aberdeen, Armagh and
Valencia (Ireland), each one equipped with selbrémg instruments tested at Kew.
The reductions were carried out by two junior dasis at Kew, under the
supervision of Jeffery and then, after 1876, undéripple. This remained the
‘bread and butter’ of Kew meteorology until the wunh of 1876, when the

Meteorological Committee decided to move this wiorkhe Office’s headquarters in

122 KCM, 23 December 1879.
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Victoria Street, London, on the grounds that it idobe more efficient to do the
reductions in the same place where the Office’srtqg weather reports were
produced. As a result, one of the assistants dbimgeductions moved from Kew to
London. This slightly reduced the Kew salary Wiliit the Meteorological Office’s
annual allowance to Kew was reduced from £650 @0£4eading to a significant
loss of income. In addition, one of the Kew assitt still had to regularly travel to
the outlying observatories to check their instruteeend another assistant had to
remain on standby to cover for absence at anyesietistation$2® More importantly,
the change led to a significant loss of status Kaw: instead of being the
Meteorological Office’s central observatory, it wasw just one of seven self-
recording observatories reporting to the Office faracry from Galton and Sabine’s
1866 plan for the Office to act as_‘a branch officd.ondon’ for Kew (see Chapter

4, Section 4.5). The Meteorological Office was ntaking the lead and Kew
Observatory had to follow. The decision to transfie work to London might have
been a consequence of the disorganized state ofukeer Jeffery, but once again it
took place neatly after the departure of Sabineow Nhat Sabine was no longer
actively on the scene, there was no compulsiooltow his cherished plan for Kew
as the Meteorological Office’s central observatory.

A further change in the balance of power betweeawKand the
Meteorological Office came in July 1877, when themmbers of the Meteorological
Committee resigneen bloc and were replaced at the same meeting by a new
‘Meteorological Council’. This was in responseamew Treasury inquiry into the
Meteorological Office, instigated in November 18@Sking it to justify its £10,000
annual budget. As Anderson and Walker have bothtgub out, this inquiry was
somewhat internal, as some of its members werehenekisting Meteorological
Committee and two of them (Galton and Thomas Fahad served on the original
1866 committee that had set up the current arraageit’ Perhaps unsurprisingly,
the report recommended that the Meteorological c®ffbe kept going much as
before, except that members of the new Council Ishioe paid, the total salary bill
not to exceed £1,000 a ye&?f. From 1877 also, Scott was no longer secretatigdo

Kew Committee and so was less actively involvedtha daily running of the

126 MMC, TNA:BJ 8/9, 20 November 1876.
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observatory. The secretary’'s role passed to Wajpplhile Scott became an
ordinary member of the Kew Committee. The mainltesf the report for Kew was
that the Meteorological Council’'s membership wadarger the same as that of the
Kew Committee — in contrast to Sabine’s 1871 ass@dhat the two committees
would be identical (see Section 5.2). In 1879 kheteorological Council was
chaired by Henry Smith (Savilian Professor of Gewynat Oxford since 1860);
George Gabriel Stokes was also a member. Neithdrese two was on the Kew
Committee at this time. That same year, some memnilethe Kew Committee,
such as Richard Strachey and George Carey Fostefe¢Bor of Experimental
Physics at University College, London since 186&re not on the Councif? This
is further evidence that making the two committekmtical had been a ruse by
Sabine to reassure Fellows of the Royal Society tthey would not have to live
John Herschel's nightmare of an observatory beung by the Society. More
importantly for the future development of Kew Ohbstory, members of the Kew
Committee now had to take their instructions, wheeteorology was concerned,
from a more explicitly separate body. The sepanatif the two committees helped
to lift the mask off the fact that Kew was no longee Meteorological Office’s
nerve centre, but was an independent institutielyjirg on the Gassiot money plus
income from standardisation to keep going.

These shifts in the balance of power between Ked/ the Meteorological
Office in the post-Sabine era did not mean that Kesteorology lost any status in
the outside world. The 1870s saw summaries of Keteorological observations
being printed in newspapers such @& Times(at the editor's request) and the
lllustrated London News° After he became superintendent at Kew, Whipphgahe
some innovative experimental work, some of whiahtle papers being published in
Royal Society journals. In 1879, he began a twarymmparison of two types of
screen for shading thermometers, one designed bhiystBrengineer Thomas
Stevenson, the other by Heinrich Wild of the SePsdurg Observatory in Russia.
Whipple took charge of a more ambitious experimiere years later, when the
Meteorological Council granted the Kew Committe® 4 set up a system of two

cameras 800 yards apart, connected by telegrapbie,cfor photographing clouds

129MMC, 24 January 1879, TNA:BJ 8/10; KCR, 1879, #54
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simultaneously in order to measure their heights$ their speeds and directions of
motion. Simultaneity was ensured by connectingtifee observers with the newly-

invented telephone. The photographic work begaluiy 1885 and over the ensuing
weeks Whipple and his assistants made 62 measutenoénthe speeds and

directions of cloud motions?

Yet experiments like these were instigated byMie¢eorological Council and
were very much in the service of the MeteorologiCdfice. They were also
restricted to meteorology. There were no more ex@nts into geomagnetism or
ether in pursuit of private research agendas, efkihd that Balfour Stewart had
carried out. In late 1871, the Kew Committee rgd@ request by Stewart to have
his beloved rotating disk experiments recommencedew. They promptly
arranged for Robert Beckley to pack up the equigraed take it to Manchest&
Also, after 1871 the Kew staff seldom performedezkpents on behalf of private
individuals, with the help of grants from the Rogaiciety Government Grant or the
BAAS, as had happened in the 1850s and 1860s. HEveare exceptional cases,
such as a photometer sent to Kew by Henry Roscdoeem@try professor at Owens’
College in Manchester, this type of work was neegipriority. In an 1875 letter to
Scott, Roscoe ruefully remarked that ‘it seems thatKew Observatory is not the
place to get any new method tried3* Kew was no longer a centre for private
individuals’ experiments, as had been envisagdtienoriginal 1842 prospectus for
the observatory (Chapter 2, Section 2.5).

An increased emphasis on service to other orgémmsa became a
characteristic of Kew as a whole after 1871, afermonstrated by the expansion and
development of standardisation, the single mosmdte development at Kew
between 1871 and 1885. Verifications of the twoinmelasses of instruments
hitherto tested at Kew — barometers and meteommdbgihermometers — only
gradually increased up to the mid-1870s. But & é#md of the 1860s, Kew
Observatory began testing a major new class ofumsnt quite removed from the
meteorological, magnetic and astronomical scieqrasticed there. Scott’s 1885
history mentions the verification of 269 clinicdlermometers in the period 1869-
1870. By the 1872 report of the Kew Committee, thenber had increased to

122 KCR, 1884, pp. 466-467; KCR, 1885, p. 318.
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1,395; thereafter, a similar number of clinicalrthemeters was tested at Kew up to
the mid-1870s (see Table 545. No contemporary documentation makes it clear
why Kew entered this field. In his autobiograpKgw Committee member Francis
Galton claims that his invention (with the help@® La Rue) of an apparatus for
testing thermometers quickly and accurately madie thass standardisation
possible!*® Yet while it is true that Galton did develop suehmachine, in which
forty thermometers could be placed in a test charabany one time, this did not
come into operation at Kew until 18%#,by which time clinical thermometers had
been undergoing tests in large numbers — sometouesImbering meteorological
thermometers — at Kew for at least two years. @heas certainly a demand for
clinical thermometers from at least one major imstent maker: Negretti and
Zambra’s 1864 catalogue offers a variety of therrtams for taking the temperature
of the human body?®

As Galton himself admitted in his autobiographg tmpetus for testing so
many thermometers seems to have been finalt€ialhe income from the Gassiot
Trust, though substantial enough to keep Kew gaweger amounted to much more
than £600 per annum. In 1874, for no stated reasabruptly dropped to £499 and
never rose above this amount to 1885. Thus a#fé4 lthe income from the Gassiot
Trust was substantially less than the annual goaf600 that Kew had regularly
received from the BAAS in the 1860s. The minutdstiee July 1874 Kew
Committee meeting clearly suggest that finance aveaguse for concern: they record
a discussion ‘on the financial condition of the &dstory’ and a request for a
quarterly statement of income and expenditffe.Although Kew continued to
supply many thermometers and barometers to the dvtdtayical Office and the
Admiralty, the majority of the fees received fosirument verifications were from
instrument makers. In 1874-1875, for example,tttal verification income from
the Meteorological Office and Admiralty amountedfi67; in the same year, that
from ‘Opticians &c.” was £252 (Table 5.1). In Obty 1875, the Kew Committee

reported with satisfaction that the verificationspdrtment was showing ‘a very

135 Scott (1885), p. 76; KCR, 1872, p. 43.

136 Galton (1909), p. 227.

137 Galton (1877); KCR, 1875, p. 106.

138 Negretti and Zambra (1864), price list, p. 6.
139 Galton (1909), p. 227.

140K CM, 16 July 1874.
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satisfactory increase in utility** Earlier that year, Scott had asked the Office of
Woods and Forests if a better path could be madeigh the Old Deer Park to Kew
Observatory, as ‘the increase in the operationgechon there has rendered such a
measure very desirable’ and there had been ingarfgeeople being unable to find
the building in foggy weathéf? In 1876, the Committee decided to open an office
at the Meteorological Office’s London headquartdrs,receive instruments for
verification at Kew, in order to save manufacturéesinconvenience of travelling to
the observatory. A notice advertising this newiser specifically expressed a wish
‘to afford the public greater facilities for therifecation of instruments at Kew*?

All this points towards standardisation at Kew domathg an increasingly
busy commercial operation, eager to please itomets. The financial incentive to
expand instrument verifications was further heightein November 1876, when
Kew ceased to be the central observatory of theebtetogical Office. As noted
above, this caused another substantial drop inntt@me that the observatory had
received regularly each year up to then. Already 1875, income from
standardisation was approaching parity with thamfthe Gassiot Trust: in the year
to October 1875, £456 came from standardisatiompemed with £499 from
Gassiot. Table 5.1 shows that in 1878, the £58& fstandardisation substantially
exceeded the £495 from Gassiot; from 1880, recdipt® standardisation were
always higher than the Gassiot income. In 1885ifis&tions brought in £727,
compared to just £491 from Gassiot. Much of tleadardisation money came from
verifications of clinical thermometers, of which Wever 8,000 were being tested
each year at Kew by 1885. By the mid-1880s, tloeegfstandardisation was much
the largest single source of the income coming iew Observatory.

The importance of this increased commercialisatvas symbolised in 1877
by the introduction of a distinctive ‘KO’ hallmarkiesigned by De La Rue, etched
on thermometers tested at Kew (Figure 5.1). Thitntarking of instruments was
another idea of Galton’s: he first suggested ithi® Kew Committee in July 1876
and the following spring he tried etching thermoanethimself, finding the process

surprisingly easy** The Committee approved a specimen of the new rtaek

W1KCR, 1875, p. 106.

142 Scott to C R Gore, Office of Woods and Forestglaéch 1875, TNA:BJ 1/214/178.
143 Printed notice, dated 29 January 1876, pastedi@td, 28 January 1876.

144 KCM, 31 July 1876; Francis Galton to Scott, 24 iRp877, TNA:BJ 1/202/320.
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following July!*® Hallmarking was initially done for a fee of thrpence, but this
charge initially led to a disappointing level of ndend for the hallmark. In
November 1878, therefore, the Committee decidetiathahermometers which had
passed the verification process should hallmarke# fof charge and that no
thermometer would be verified if its maker refusedave it marked. The fact that
the Committee advertised the service in tlencetas well asNature is further
evidence of the commercial agenda: the Committee chgarly trying to attract the
lucrative clinical thermometer market as well ag tmarket for meteorological
instruments. In November 1878 the Committee regdebat ‘a female assistant’ be
engaged to engrave the thermometers with the hjnthe following month,
Whipple reported that he had taken on a Miss Hm@lgs (first name unknown) for
this purposé? The Committee likely employed a woman to engrdle
thermometers for the same reason that Elizabetkl®eavas employed to take the
solar pictures with the photoheliograph in the 186Bliss Clements was cheap
labour and could be paid on a piecemeal basis. Ndmember 1880 she was
dismissed with a month’s notice and a tiny gratoftf3 3 shillings. Miss Clements
was dropped not due to any lack of demand, butéacbntinued financial pressures
on the observatory, for at the same meeting it m@ed that the probable income
and expenditure for the coming year would be aleguil. Also at this meeting, the
Committee decided to discontinue receiving instmitsat the London office, again
for financial reason¥’ A year later the advertisements in thancet (and the

British Medical Journgl were also discontinued®

145 KCM, 27 July 1877.

146 KCM, 29 November and 19 December 1878. KCR, 187953, refers to her as ‘a
special assistant, H. Clements’, without mentionthrag she was female.

147 KCM, 24 November 1880.

148 KCM, 2 November 1881.
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Figure 5.1 Two thermometers dated 1885, etched with the ‘K&tmark. Science
Museum, London, Object No. 1995-1800; photographds Macdonald.

Yet as described above, demand for instrumennteshly continued to rise
after 1880. Indeed, in 1883 Miss Clements wadligriaken on again to help cope
with the large number of thermometers sent to Kewwverification!*® It would
seem that the Kew Committee no longer needed todsgeecious money on
advertising because this was no longer necessayname of Kew Observatory was
sufficiently prestigious for the leading instrumenékers to automatically send their
instruments there to be tested. The Committee é¢xied to register the Kew
monogram as a trade mark; they were only stoppedthey refusal of the
Commissioners of Patents to do thi$. In any case, it hardly mattered: with the
ever-increasing number of instruments being semteto for verification, even after
the advertisements ceased, ‘Kew Observatory’ waseftectively a trade mark.

After 1876, standardisation branched out intohrtfields. As noted in
Chapter 4 (Section 4.5), the testing of sextangmben a small scale in the 1860s,
on the initiative of Francis Galton. Sextants ramad a relatively minor part of the
standardisation work at Kew until 1881, when thembars of sextants tested
increased sharply to 25, compared with just 5 ttexipus year (Table 5.1). This
increase may have been facilitated by a more raleghg apparatus. Since the late
1860s this apparatus had been used indoors, imakement of the observatory,
which was free from draughts and vibrations (thegmedic instruments were also
housed here}®! Sextant-testing expanded further in 1883, tmetdn the initiative
of Kew Committee member Lord Rosse, who in the iprey year had remarked on

how few sextants were being tested at Kew and sgptkea wish to raise interest in

149KCM, 30 March 1883.
150 KCM, 23 March and 28 May 1880.
151 KCR, 1880, p. 124; Barrell (1969), p. 175.
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the accuracy of ‘an instrument on which the safefya ship so intimately
dependsi>?

In May 1884, the Kew Committee also began ‘ratirgthat is, testing the
accuracy of — watches, for members of the publiavaB as watchmakers. The
initial stimulus for this seems to have been exdedemand rather than the initiative
of anyone on the Kew Committee. As early as 187 ,Committee had considered
a letter from William Hartnup of the Bidston Obsatory near Liverpool, which had
been built to serve that port's prosperous merckhigping. Hartnup asked about
the feasibility of testing chronometers at K&%. The Committee did not make any
moves in this direction for several years, but 881 the Committee agreed to ‘rate’
a chronometer — that is, test its performance —amsexperiment only*>* The
Committee very likely saw watch-rating as a wayirafreasing the observatory’s
revenue: its next meeting began with a gloomy far@nreport, in which the
question of staff salaries was deferred. Whipplent presented a report on the
chronometer test, whereupon the Committee immdgliatethorised Whipple to
begin testing other chronometers for a fee of 7p@&dtimepiecé> In February
1883 the Committee agreed to adopt a system, akwageWhipple, for rating
watches and also to spend £100 on the necessasyasipp — including a special
oven that allowed the watches to be tested atrdiffetemperature$® During the
twelve months to November 1885, watch-rating feesigpht a further £185 to the
observatory — in addition to £727 for other stadgation work!>’

Symbolic of the change of priorities at Kew af§abine’s departure was the
changed use of space in the buildings there. ¥ample, a room once occupied by
Sabine’s magnetic clerks was by the early 1880sumed by assistants in the
verifications department, while another room foriypensed for experiments on
pendulums (also an interest of Sabine’s), had neenlmodified for testing sextants.
Of the fourteen staff employed at Kew in 1885, fauworked full-time in the
verifications department and a fifth worked pami®® Standardisation could be

152 KCM, 26 May 1882.

153 KCM, 29 April 1875; KCR, 1875, p. 107.
154 KCM, 24 November 1881.

155KCM, 23 December 1881.

156 KCM, 23 February 1883.

17 KCR, 1885, p. 320.

158 KCR, 1885, p. 324.
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said to have employed even more of the staff at Kiewe include under this
heading the testing of magnetic instruments foeotbservatories.

Instrument standardisation at Kew Observatory maaed and enhanced the
international reputation that it had already gaindebr example, in 1881 Leonard
Waldo of Yale College in the United States discdsaerigorous test that he had
performed on three Kew thermometers, in which hd heeasured each degree
separately. He found that their errors were ‘peatlyy insensible and too small to be
detected with certainty®® It was symbolic of the observatory’s status thatas no
longer possible to change its name. The Royale®pdCouncil received such a
request in January 1883 from William Thiselton-Dydirector of the neighbouring
Kew Botanic Gardens. He asked if it was possibléhé observatory could be
known as something other than ‘Kew Observatory'casfusion with the Botanic
Gardens was causing mail to be wrongly deliveredi the building, when built for
George lll, had originally been known as the Kin@®servatory at Richmond.
Thiselton-Dyer’s request for a complete change fwasly rejected by the Royal
Society; the only change they agreed to was to itdlThe Kew Observatory,
Richmond'® It must have been hard to imagine either the Kammittee or the
Royal Society dropping the name ‘Kew Observatongw that it had become a
name and a brand worldwide. The name ‘Kew Obseryahbad stuck.

Thus due to the financial pressures caused by in income from the
Gassiot Trust and the Meteorological Office, as|wad changes in priorities
following by the departure of Sabine, Kew Obsermatmecame much less a place of
experimental enquiry, where gentlemen scientisteegperiments on sunspots or the
discharge of gases, than a laboratory that seregdrgment and private industry.

By 1885, service to the latter had become the #rgjagle source of income at Kew.

5.6 Conclusion

In the early 1870s, Kew Committee member WillianoEpwoode wrote to Balfour
Stewart regarding a difficulty in supplying obsdignal results to Stewart’s
Manchester colleague Henry Roscoe: ‘Kew is, as kwow an establishment no
longer supported by the funds of a public bodypotiswoode wrote these words

19KCR, 1881, p. 87.
160 RS:CM, 18 January 1883 and 15 February 1883.
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about Kew after crossing through a version whickcdbes the observatory as ‘a
private establishment not a public oA%. The crossed-out version is the most
revealing: it shows a member of the Kew Committelenawledging that Kew after
the Royal Society’s takeover was, in effect, a gavinstitution. Kew Observatory
had, of course, been ‘private’ ever since 1842ha sense that its main source of
income was an annual grant from the BAAS, which wsaf funded by members’
subscriptions and donations. Yet it is clear fritms chapter that after 1871, when
the Royal Society Council agreed to take respolityidor Kew Observatory, the
institution’s financial viability was by no meansiaranteed and it had to seek its
own sources of income. This led to Kew Observatmegoming a very different
kind of organisation from what it had been under BAAS earlier in the nineteenth
century.

It is clear from Section 5.2 that the secondaryrses are correct in asserting
that the motive of the BAAS Council in decidingreinquish Kew Observatory in
1870 was financial. The annual grant of £600 wasmuch for an organisation with
limited funds and many competing priorities. It vuery likely that Sabine, as
President of the Royal Society, used the BAAS'sgiec as an opportunity to gain
ultimate control over Kew Observatory. Indeednteey even have manipulated it to
suit his aim: the BAAS’s decision to contemplate thissolution’ of Kew and close
it down in 1872 gave Sabine the perfect excuséh®Royal Society to take it over.
Sabine’s subsequent actions substantiate this motid/hen the elderly but still
influential John Herschel raised objections to tReyal Society assuming
responsibility for Kew, Sabine allayed any fearsoam Council members by
assuring them that the observatory’'s new managomgndgttee under the Royal
Society would be identical to the existing Meteogital Committee — without
pointing out that the Gassiot Trust deed did nokenthis legally binding. Sabine
completed his control over Kew by appointing asesuppendent Samuel Jeffery,
whose principal qualification for the position seeto have been his loyalty to
Sabine.

It is easy to see Airy's failure to transfer theewK meteorological
observations to Greenwich as being due to Sabisalth rival, but as | have shown
in Section 5.3, the failure of Airy’s coup owesragach to the fact that responsibility

161 1Spottiswoode] to Stewart (draft letter, no dat@bably May 1872), TNA:BJ 1/214/37.
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for the Kew observations was vested in the Metegiohl Office, which was run by
the Board of Trade, a separate department of govarhfrom the Admiralty. Airy
had no authority in the affairs of the Board ofdea This demonstrates how, by the
1870s, meteorology in Britain had gained officitdtss as a science quite separate
from astronomy. Airy’s successor as Astronomer @&oyom 1881, William
Christie, made no attempt to tread on Meteoroldgi@ffice ground the way Airy
had: Edward Maunder’s 1900 account of the Royale®tadory modestly describes
Greenwich as one of many stations reporting toMle¢eorological Office!®? This
official separation of meteorology from astronongrallels a similar development
that happened in France in the 1870s, with thebbsienent of the Bureau Central
Météorologique that ran French meteorology seplgréitem Paris Observatorf?
Airy’s 1872 machinations to acquire the Kew ph@&ialgraph for Greenwich
resulted in a success for Airy in his long rivaimth Kew. This, in addition to his
meteorological manoeuvres, also goes a long wayarisvexplaining why Airy
became President of the Royal Society in 1871 dreh tresigned from this
prestigious position after just one year. BecomiPgesident gave Airy the
opportunity he needed to bring the Kew meteoroklgand solar observations into
his Greenwich empire. Even more importantly, ial@ed him to undermine the
power of the Devonshire Commission’s calls for gpasate solar observatory,
something that was anathema to Airy. This ultenmmtive to take the wind out of
the Commission’s sails may be an example of a nabeleneasure of modernisation
and diversification being instituted in order to aken the case for much more
radical reform — as Roy MacLeod has suggested hasitm of some in the Royal
Society reform movement in the 1846$. Airy’s masterful undermining of the
proposal for a separate solar observatory shows demiously manipulating the
laissez-fairesystem, by offering to do the same work at Greehvar less money.
Historians, as well as Scott, have all noted hosv@assiot Trust saved Kew
Observatory from closure. This is true, but sisfgdl In the event, the Gassiot
money proved insufficient to meet the observatoryisning costs, especially after
the abrupt drop in dividends from the fund in 1874The reduction in the

Meteorological Office grant two years later madettera worse. The smallness of

162 Maunder (1900), pp. 232-233.
163 Davis (1984), p. 381.
164 MacLeod (1996), p. xii; MacLeod (1983), esp. pp-8iL.
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the grants from the Gassiot Trust and the Metegicéd Office forced Kew to
change its mission, especially after Sabine waapacitated by illness in the mid-
1870s. Above all, these financial constraints tledstandardisation becoming the
central feature of the work at Kew and to this dadisation work diversifying into
fields far beyond geomagnetism and meteorologypohtantly, the majority of these
instrument tests were for private instrument-makamt government departments.
The opening of a London office for the reception i$truments in 1876, the
establishment of a hallmark the following year #mel steep climb in the numbers of
clinical thermometers tested from the mid-1870ghierr point to the observatory
becoming more commercially orientated after theskdaop in grant income in these
years. In 1881, for example, the Kew Committee méglly reluctant to become
involved in testing watches, but later that yeamniediately after a bleak assessment
of the observatory’s financial situation, Whipplaswuly authorised to begin rating
chronometers on a commercial basis. By the tinwtSaote his 1885 paper, Kew
was less a ‘physical observatory’ of the type corexkin 1842 than a laboratory of
service, operating on a predominantly commercialaSpottiswoode’s crossed-out
remark of the early 1870s was prescient: Kew wasv nodeed ‘a private
establishment’ that had to earn its keep. Thigraknharacteristic of a laboratory of
service would be a powerful influence on the subeat] development of Kew

Observatory into the 1890s and beyond, as we sealin Chapter 6.



71-2  72-3
Met. thermometers 1219 782
Clinical thermometers 1395 1233
Deep-sea therm. 0 0
Total thermometers 2661 2096
% clinical 52 59
Barometers* 124 179
Sextants 3 0
Income from stdsn. (E) 125 236
Total income (£) 2084 1979
% total income 6 12
Income from Gassiot 600 608

* Including aneroids.
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Table 5.1 Kew Instrument Verifications, 1871-1885

73-4 74-5 75-6 76-7 77-8 78-9
1471 1238 1410 1428 14351286 1487
1255 1439 1560 22812032 3405 3638
0 0 0 0 0 53 22
2780 2761 3130 3863 9535 4828 5344

45 52 50 59 57 70 68
160 214 230 209 222 196

1 1 0 3 2 4 5
253 456 419 456 585 469 538
2401 2642 2801 2437 30002657 2364
11 17 15 19 20 18 23
499 499 498 497 495 495 496

Total thermometers does not include deep-sea theaters.
Data from Reports of the Kew CommitteeHroc. Roy. Soc. Lond1872-1885.
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Chapter 6

Kew Observatory
and the origins of the National Physical Laboratory 1885-1900

It has been represented to me by Dr. Schusteatthe present juncture it might be
well for us to communicate [with] the Kew Committeethe Royal Society, [&7?]
consider whether it is desirable or feasible, athpto utilise that Institution as a
nucleus of the proposed National Laboratory.

The Chairman of the Kew Committee, Mr. Francist@al... has also been good
enough to write similarly...

Oliver Lodge, 22 February 1893

The present work of the [Kew] Observatory is tifieme of a character which is
strictly consistent with a large portion of the wawvhich would find a place in a
national physical laboratory.

BAAS report, ‘On the Establishment of a Nationhy/&ical Laboratory’, 1896

6.1 Introduction

The years between Robert Henry Scott’'s 1885 histbgew Observatory and the

formation of the National Physical Laboratory in 009 are the most poorly

documented in all the secondary literature on Kebgddvatory in the Victorian era.

Almost the only secondary literature that discudsew after 1885 is on the origins
of the NPL. This has been the subject of sevechblarly and semi-popular

accounts, yet none of these describe what actbaliypened at Kew after 1885, nor
whether and to what extent events at Kew influereed were influenced by — the
NPL. All of them merely note that Kew Observatoffered a convenient first home
for the NPL, while giving little acknowledgement @ny role that the Kew

Committee might have played in the NPL’s originehese histories tend to tell the
story of the foundation of the NPL as that of amgamisation intended to rival

imperial Germany’s flagship national laboratory,e tPhysikalisch-Technische

! Lodge to BAAS Committee on a National Physical duabory, 22 February 1893, TNA:BJ
1/210/1151F
2 Anon. (1896), p. 84.
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Reichsanstalt (PTR), built in 1887 at Charlotteigbam the outskirts of Berlin. More
importantly, they present the establishment of gbeernment-supported NPL as a
triumph of twentieth-century state-supported sageonwer nineteenth-centulgissez-
faire ideology. Such is the story told by Russell MegePeter Alter, Edward Pyatt
and — albeit with slightly more historical contexEileen Magnelld.

It is easy to see why this might be so. As exgdiin Chapter 1, many of
the classic works on the history of Victorian scenincluding works on the NPL,
were written in or around the period 1950 to 19®&bGen the physical sciences
enjoyed generous funding and so the displacemdatssiz-faireby state-supported
laboratories might have seemed inevitable. Momtiquaarly, the NPL came into
existence in January 1900, making it easy to agsothe new century with the new
way of supporting science. The turn of the twehtieentury thus marks a
convenient beginning for the NPL, distracting atitemfrom what went before. This
is reinforced by the fact that when the NPL wascafly opened in March 1902, it
had moved to its present site at Teddington, Mmkte further removing Kew
Observatory from the picture. Moreover, by 1902&u Victoria was dead and the
Victorian era was over, thus all the more isolatthg history of the twentieth-
century NPL from that of the Victorian Kew Obseiwat

This marginalisation of Kew Observatory in thergtof the NPL'’s origins
has partly also been the result of historians masting sources internal to the NPL
itself, such as the NPL’s published annual repanis the minutes of its Executive
Committee. Perhaps reasonably, given how easgsiblen to leave Kew out of the
picture, they have overlooked primary sources ireddb Kew. It is easy to see why
historians might not have looked at, for examphey &nnual reports of the Kew
Committee when attempting to trace the NPL’s osginEven more importantly,
these scholars have relied mostlypublishedsources. Even the Kew Committee’s
reports say only a limited amount about what hapdeat Kew in the fifteen years
after Scott's paper, or about the role of Kew ia dnigins of the NPL. It is from the
unpublished sources — especially the private Ettérthose associated with Kew
Observatory after 1885, as in the first epigrapbvab- that we can extract a much

fuller account.

% Moseley (1976); Moseley (1978); Alter (1987), {88-149; Pyatt (1983), pp. 12-33;
Magnello (2000), pp. 11-30.
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In this chapter, | argue that Kew Observatory wasgh more important to
the origins of the NPL than has hitherto been askedged — indeed, that the
establishment of the NPL was in many ways a chasfgaame to an existing
institution, because well before 1900 Kew Obsemyattad changed from being a
magnetic, meteorological and experimental obseryatdo an institution that made
most of its income from standardisation work. As kave seen in Chapter 5, this
trend was already well under way before 1885. his thapter, | show that the
change of direction towards standardisation becawe more marked after this
date, so that by the late 1890s Kew Observatoryalrasdy doing a substantial part
of what Douglas Galton, Oliver Lodge and othersidwveld should form the
programme of work for a national physical laborgterexactly as described in the
1896 BAAS report, quoted in the second epigraphvabol thus argue that Kew
Observatory was a precedent for the NPL and atsnare around which it could be
built. In Section 6.2 | argue that in the 1890% bbservatory became a self-
supporting company in its own right, rather like tNPL was expected to be in its
first years. 1 also show that the Kew Committeedmee dominated by university-
based physicists, as the NPL Executive Committealdvbe. In Section 6.3 |
describe how Kew Observatory in these years beqainearily a standardisation
laboratory, with magnetism and meteorology now athadterthoughts. In Section
6.4 | narrate the story of the origins of the NiLrelation to Kew Observatory. |
use this to argue that Kew Observatory and its citieen were central to the
planning of the NPL and that the NPL began as Kdwsdbvatory under a different
name. In demonstrating this continuity between Kewl the NPL | thus present a
challenge to existing narratives of early twentiedimtury science as a new departure

from the nineteenth-century world laissez-faire

6.2 Incorporation, boy clerks and university phystists: the management of
Kew Observatory, 1885-1900

After 1885, the management of Kew Observatory undet some profound changes
that are of great significance when we considerrdtes of Kew in the origins of the
National Physical Laboratory (NPL) in the late 189 be discussed in Section 6.4.
Here | will use the largely unexplored primary d@tire to demonstrate two

important characteristics of Kew Observatory thaeeged during this period. First,
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Kew was acknowledged to be a business, effectivadgpendent of the Royal
Society and predominantly self-financing. Thisf-selpporting aspect was to be an
important characteristic of the NPL after 1900 andKew provided a precedent.
Secondly, after superintendent George Whipple thetl893, the Kew Committee
selected his replacement through an open competibecause the committee’s
membership — of which a new generation of univerghysicists formed an
important part — wanted a high-calibre laboratoiyeator who would bring
additional prestige to the observatory. This, phesobservatory’s hierarchy of low-
paid workers, also set an important precedenti®NPL.

The continuing trend towards standardisation beting most profitable
activity at Kew meant that the Gassiot Trust becansenall, secondary income. In
1885 the observatory earned £727 from standardisagrsus £491 from the Gassiot
Trust; in 1899, the last year before the NPL takepgtandardisation brought in
£2175, compared to just £455 from Gassiot. Everl®90, standardisation was
generating more than three times as much monelyeaGassiot Trust. It is likely
because the observatory was now effectively sgifpstting that in March 1891, the
Kew Committee asked for the Royal Society Coungiésmission to apply for a
licence of incorporation under the 1862 Companiet As did the Meteorological
Council. The Meteorological Council’s stated reagor applying was to protect
itself ‘against the possible inconveniences whicighh at any time arise in
connection with their business transactions froe pleculiar constitution of their
body’. The Council minutes merely record that mikir proposal from the Kew
Committee was read out and agreed t®he initiative on the Kew Committee was
taken a fortnight before by Richard Strachey, whaswhen chairman of the
Meteorological Councif. This, plus the fact that neither set of minutedes any
reasons for the Kew Committee’s proposal, suggtss the Kew Committee’s
reasons were the same as those of the Meteordldpeancil. Strachey might well
have thought that incorporation would make Kew @leery less of a risk from the
Royal Society’s point of view. The Kew Committe@asvegally appointed by the
Royal Society, yet its ever-growing business witkestific instrument makers and

watchmakers also carried with it an element of.ridlkanufacturers defaulting on

4 KCR, 1885;ibid., 1899;ibid., 1890.
5RS:CM, 12 March 1891.
6 KCM, 27 February 1891.
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payments could potentially have made the Royaleébpdiable for large amounts of
money. Such debts are likely to have been ‘thesiptesinconveniences’ resulting
from the Meteorological Council’s ‘business trargats’ and it is reasonable to
suppose that this applied to the Kew Committee als. wincorporation under the
Companies Act would make those serving on the KewnWittee effectively

members of a company in its own right and therel@ble for any debts they
incurred.

Further evidence for a motive to protect the Rdyatiety appears in the
minutes of the January 1892 Council meeting. Theg®rt that the proposed
Memorandum and Articles of Association of the Kean@nittee had been amended
by Few & Co., solicitors to the Royal Society, low the Royal Society to retain
control of the Gassiot Trust, while absolving théom responsibility for the Kew
Committee’s action$. Four months later, the Council suggested thaibels ‘Of
the Royal Society’ should be dropped from the newngany’s title, further
suggesting that the Royal Society wanted to digtamself from the business
activities of the Kew Committe®.

The latter suggestion does not seem to have lagen up, for on 9 February
1893 the Kew Committee officially became registesedthe ‘Incorporated Kew
Committee of the Royal Society’. Being granted a seal of incorporation (Figure
6.1) was not only a prestige symbol in its own tighore importantly, it meant that
the members of the Kew Committee officially acknedded that Kew Observatory
was now primarily ausiness something it had effectively been for some years.
This was symbolised by the incorporation of the K@lservatory monogram — now
famous and a trade mark in all but name (see Ch&ptgection 5.5) — into the seal
of incorporation. By the mid-1890s the Kew Obs&rma business was making
enough money to invest its own revenues. At thet @nl1894, partly because the
bank balance was ‘unusually large’, the Committecipased £900 of India stock.
A further £400 of India stock was bought in Novemb&96° That Kew was now a
business, operating practically independently & tRoyal Society and mostly

supporting itself through fees for testing instrumse set an important precedent for

"RS:CM, 21 January 1892.

8 RS:CM, 5 May 1892.

®KCR, 1893, p. 307.

10KCR, 1895, p. 392; KCR, 1896, p. 106.
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the formation of the NPL, which, as will become alein Section 6.4, the
government initially envisaged should pay a larget pf its running costs from

verification fees!

Figure 6.1 The Kew Committee seal of incorporation. (Fro@M, 24 February 1893;
photograph by Lee Macdonald, reproduced by kindhpssion of the Royal Society.)

George Whipple did not live to see the Kew Comeeid incorporation.
Since mid-1892 he had been suffering from an unddfiserious illness that had
prevented him from working, possibly related to thepture of a blood vessel
sustained in 1883. During his illness, his dutiese covered by his Chief Assistant,
Thomas Baket? Whipple died on 8 February 1893, aged fifty. Teed to appoint
a successor was not unexpected, for in January EB8&is Galton had written to
the Royal Society Council about the possibilitygsénting a pension to Whipple
after Easter 1893, ‘when his full salary will cea®e be paid’, indicating that
Whipple was already planning to retire due to @ahh® After Whipple’s death, the
day-to-day running of the observatory (includingpensibility for signing cheques)
was carried on by Bakéf, but the position of superintendent did not go
automatically to him. Baker's name does not evapear on the list of candidates
who applied for the position. Instead, when it met24 February 1893, the Kew
Committee decided to advertise the podtlaiureand theAthenaeunior a period of

1 Moseley (1978), pp. 234 and 249.

12 KCM, 25 May 1883; KCR, 1892, p. 322.

13 RS:CM, 19 January 1893.

1 Francis Galton to Bank of England, 8 February 189%8A:BJ 1/210.
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three weeks. Those answering the advertisemerd teebe sent a printed leaflet
outlining the duties of the pos$t.

The job description leaflet (Figure 6.2) tellsmach about the kind of person
the Kew Committee was looking for. Its first patagh is a brief description of the

main work at Kew:-

The primary work at the Observatory is carryingnoeteorological and magnetical
observations with self-recording instruments. Iéoaincludes experiments in
various directions, and the verification of sciBatiinstruments of numerous
descriptions.

As we have seen, by 1893 the ‘primary work’ of Kexas really standardisation.
This description seems to have been slanted inr dodattract a particular type of
applicant: by presenting Kew as a research instithe Kew Committee might have
hoped to attract a researcher of the highest ealithr the leaflet had presented the
work at Kew as predominantly routine testing oftiasents, the Committee might
have had a less enthusiastic response from the gmdential candidates now
emerging from the university physics laboratoriéstiee late nineteenth century.
That the Kew Committee was looking for a high-flyircandidate is further
evidenced by the list of qualifications specifiedtine leaflet: as well as knowledge
of the sciences practiced at Kew, the Committee wesking someone with
‘experimental aptitude, business habits[,] admiaiste faculty, energy, and
scientific statusi® Placing the phrase ‘scientific status’ at the ehdhe sentence
makes it resound in the reader's mind, suggestimag this might have been an

especially important quality being sought.

15KCM, 24 February 1893. The advertisement appaarbe front page 6fhe Athenaeum
No. 3412, 18 March 1893.

18 ‘Information to Applicants for the Post of Supéeindent’. Job description dated 1 March
1893 and inserted in KCM, 24 February 1893.
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2
b Fullr dotalaof the 0 wark at the Observatory mn;\Eu-mo ;
~ from the Annual Reports of the Kew Committes to %
- Society. Tho latest of these refors to the year onding December
3181, 1891, and is contained in the Broc: oy, Soc, o

written by Mr. R, 1. Seott, 118, and wm" found
" Proc: Roy. Soc, No, 239, i

The Superintendent is the clief executive of
Committee, to whom he is responsible for the due
of the Observatory, for the disbursement of its ¢
conduct of the experiments carried on there,
£400.  No provision is made for a pension.
on either side are required before terminating

The Superi s expected to
and to devote his whole time to the Observat
 The qualifications looked for are-
~ dealt with at the Observatory, experimental
habits administrative faculty, eneray,

Figure 6.2 Leaflet for applicants giving job descriptionafperintendent of Kew
Observatory, 1893. (From KCM, 24 February 1893itpgraph by Lee Macdonald,
reproduced by kind permission of the Royal Socjety.

By 24 March, the Committee had received forty enesl about the post; by
mid-April twenty individuals had sent in applicat® A sub-committee looked at
the applications and reported back to the Kew Cdtami Of the sub-committee’s
four members, two (William Grylls Adams and ArthRiicker) were university
physicists, one (Robert Scott) was a governmergnsist and the other (Francis
Galton) was a self-funded gentleman-scierifisThe sub-committee shortlisted the
applicants to just four, all of whom indeed hadéstific status’. Herbert Tomlinson
was a demonstrator and lecturer at King's Collégadon and had been a Fellow of
the Royal Society since 1889.William Dampier Whetham had gained a First in the
Cambridge Natural Sciences Tripos in 1889; he waw & researcher in the

17 KCM, 24 March and 28 April 1893.
18 Herbert Tomlinson, Royal Society Election Certifie, EC/1889/16 and associated

documentation atww.royalsociety.orgaccessed 10 February 2015.
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Cavendish Laboratory and a Fellow of Trinity Code@ambridgé® Charles Chree
also worked at the Cavendish and held a Cambriel@ship, at King’s Collegé®
Only Thomas Blakesley, an instructor in physics anathematics at the Royal
Naval College in Greenwich since 1885, was fromoa-university background —
though even he was a Cambridge mathematics Wrattgler

Eight members of the Kew Committee interviewedheat the shortlisted
candidates on 28 April 1893. Just one memberisfititerview panel, Galton, was a
gentleman-scientist. Otherwise, the panel was ro@gdef one government scientist
(Scott), three university physicists (Adams, Rucied George Carey Foster) and
three scientific servicemen (Captain William Abn&gneral Richard Strachey and
General James Walker). They decided ‘unanimously’ to appoint Charles éghas
the new superintendent. The minutes state no mfasdthe Committee’s choice, but
we can derive some interesting clues from an udddteument that lists all the
twenty applicants. Here, each applicant is rankitl the letters a, b or ¢, according
to unspecified criteria. All the shortlisted casales are marked ‘a’, except
Tomlinson, who is ‘b or a’. But pencilled next tbe names of the shortlisted
candidates are figures that correspond exactligdages of these four men in 1893.
From this, it seems possible that one factor inlg Chree was that at 32 and with
a Cambridge fellowship, he had the right combimatbage, level of experience and
‘scientific status’. Committee members may havasodered Tomlinson, aged 47
and FRS, too senior and over-qualified, as theyhinigave thought Blakesley, 45
years old and an established instructor at the Regaal College. The 27-year-old
Whetham, on the other hand, might have been semoa®ung and inexperienced,
especially on the people management side that wasssential part of the
superintendent’s rol&

Chree was certainly not selected for his backgiannexperimental physics
and laboratory measurement that had been the chafcteristics of most of his
predecessors from John Welsh onwards. At the ¢ifes appointment, Chree was

19 William Cecil Dampier Whetham, Royal Society Elent Certificates, EC/1901/15 and
associated documentatiorvatvw.royalsociety.orgaccessed 10 February 2015.

20 S[limpson] (1929).

21 Anon. (1929).

22 See Chapter 1 (Section 1.1) for a discussionadérdific servicemen’.

2 Ranked list of candidates who applied for the Keerintendent’s position; undated, but
likely to have been drawn up on or around 21 ApBDB3, the date of the selection sub-
committee’s meeting, TNA:BJ 1/210/1154.
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primarily a theoretician. At Cambridge he had gdirfirst class honours in the
Mathematical Tripos as well as Natural SciencesterAgraduation he did research
into electric currents at the Cavendish Laboratorgier Joseph John Thomson, but
most of his research output by 1893 was in therthebelasticity. Even throughout
his thirty-two year tenure at Kew, he tended notcéory out laboratory work in
person, preferring instead to write papers baseiti®mnesults of work done by others
at Kew and elsewhere. One obituarist humoroustguets how outdated his ideas
about laboratory equipment were: once, when heagied to update his facilities,
he presented a list including ‘four rings for aorétstand’ and a ‘nest of four
beakers?* In fact, Chree was rather like Thomson, in thassethat Thomson
headed an experimental laboratory yet had a priynarathematical backgrourfd.
Therefore it is likely that in appointing Chreeetmembers of the Kew Committee
were looking not for a hands-on, practical physidike Whipple, but rather a
laboratory director, who was interested in the Itesof research done by practical
workers reporting to him and who therefore woulchaantrate on directing that
research.

Yet most striking of all is how different was theethod of Chree’s
recruitment from that of his predecessors. All Kesv superintendents from Welsh
onwards had been appointed at least partly thrgegbonal patronage. Welsh was
selected on the recommendations of William Syked d@homas Makdougall
Brisbane (Chapter 3, Section 3.2). Stewart wasobisex applicants for the post, but
he had been chosen on the grounds that Welsh,ebbéodied, had recommended
that Stewart succeed him (Chapter 4, Section 4.8amuel Jeffery owed his
appointment to Sabine’s influence. Finally, Whipplas appointed internally
without any competition (Chapter 5, Section 5.8ut now, in 1893, the job was
advertised openly in thAthenaeum(on the front page) andature — two journals
widely read by scientists and in university comntooms — and a detailed job
description sent to those answering the advertisemEehe most suitable candidates
were then shortlisted and interviewed by the Kewn@ittee, completing a narrative
very similar to the process of recruiting professioscientists in the twentieth

century.

24 S[impson] (1929), p. viii.
% Sviedrys (1970), p. 143.
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There is no evidence here of any conscious wislprtdessionalise the
position of superintendent at Kew. Rather, thisvregppointment through open
competition reflected the changed attitudes by timse towards appointments to
official positions, notably in the Civil Servicel'his was also the case at Greenwich:
in 1873, to run the recently-acquired photohelipgraAiry reluctantly had to
employ Edward Maunder, who had passed the CiviliSerexaminations, rather
than a hand-picked man from Cambridge, as had béerustont® But more
particularly for Kew Observatory, the change refecthe extent to which the make-
up of the Kew Committee had altered by the ear§058 Gentlemen scientists like
Gassiot and De La Rue no longer dominated it. HEsahon, though self-funded,
firmly believed in science as a full-time occupationdeed, shortly after Whipple’s
death, he had written to the Royal Society Coumcitlining a procedure for
appointing a successor, suggesting that it waso@alidea to advertise the post and
appoint an outsider, rather than make an intemmahption?’ Of the committee that
interviewed Chree and the other candidates, tlye$arcategories were the scientific
servicemen and university physicists. The servaremmad always been represented
on the Kew Committee to some extent, but the usityephysicists were a new
category that had emerged on it since the 1870s. RAmualdas Sviedrys and
Graeme Gooday have shown, the last third of theteenth century saw a rapid
growth of research and teaching laboratories iruaber of British universities,
stimulated partly by the research required by tleetecal industry and also by the
need for teaching laboratories to train a new gdimr of engineers and science
teacherg® The directors of these laboratories — among wivam be numbered
Adams, Foster and Rucker, the three academic mentbehe Kew Committee —
had a strong interest in standardisation and pogcisnstruments such as
thermometers, because of the need to train thailests in the all-important skill of
measurement. Therefore Kew Observatory, by novwoddwamous standardisation
laboratory, was of great interest to these three.

David Grier has argued that the Board of Visitibrgt oversaw the work of
Greenwich Observatory, and also the committee oispe the Nautical Almanac

Office, were rather like the board of directorsasodompany that oversaw the factory

26 Kinder (2008), pp. 23-24.
27 RS:CM, 16 February 1893.
28 Sviedrys (1976), esp. pp. 422-427; Gooday (1990).
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production of astronomical observations, becausy ttepresented ‘those with a
stake in the institutior?? With the increasing influence of the universitypicists,
the Kew Committee had now become like a board odctiors as well, for the
physicists had a similar stake in Kew. In conttaghe middle years of the century,
when the likes of Gassiot and De La Rue were paiborinvolved in the
experiments at Kew, the Committee was increasidgiyinated by physicists who
were more interested in thesults of that work, especially standardisation (see
Section 6.3 below). In fact, with its seal of ingoration, the Kew Committee was
literally a board of directors, something emphasibg the job description of the
superintendent as ‘the chief executive officerhef Kew Committee, to whom he is
responsible...2% In appointing Chree, the university physicistgeveecruiting one
of their kind: young, enthusiastic, and with trami and background in their
community.

Yet some correspondence that took place in the Hafore the 24 February
meeting suggests the most important clue of albaghy Chree was selected. As |
shall describe in Section 6.4, a few days before iieeting Kew Committee
chairman Francis Galton had sounded out Liverpbgbjes professor Oliver Lodge
as to the possibility of extending Kew Observatorgrder to turn it into a ‘national
physical laboratory’, the need for which Lodge hiaged in a speech to the BAAS in
1891. Lodge was chairman of a small committeeniWersity physicists set up by
the BAAS to look into the idea of such a natioradddratory. On receiving Galton’s

letter, Lodge wrote to the other members of thisicuttee, commenting that:-

It is plain that the possibility of developing tKew Observatory into an institution
comparable with some of those which exist in theitaés of the Continent must
depend to some extent on the kind of man they reaidd to go fof!

One member of the BAAS committee, Arthur Schust o in 1887 had succeeded
Balfour Stewart as Professor of Natural Philosoghivlanchester, agreed with this:
the instrument-testing work at Kew, he felt, woblimade ‘more generally useful to
the country’ if Kew had ‘a head of sufficient sdidic attainments to be able to point

29 Grier (2005), p. 53.

30 Information to Applicants for the Post of Supegimient’. Job description dated 1 March
1893 and inserted in KCM, 24 February 1893.

%1 Lodge to BAAS Committee on National Physical Latiory, 22 February 1893, TNA:BJ
1/210/1151F.
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out to the makers of instruments in which directitimere is room for
improvement®?  Similarly, Richard Glazebrook, deputy directortbé Cavendish
Laboratory in Cambridge, agreed that the Kew Cotemishould bear in mind the
possibility of developing Kew into a larger labamat ‘in any plans they may form
for filling up the vacant pos®® It is likely, therefore, that the Kew Committee
appointed Chree as somebody who might one day toatake on the responsibility
for a much larger organisation than any of his peedsors had done. Chree must
have been the candidate most ideally suited to & path such development
potential. He was young — yet old enough to haveesmanagerial experience — and
was fresh from the Cavendish Laboratory, which iy ¢arly 1890s had earned a
reputation as an electrical standards laboratoduhition to being an elite training
centre in experimental physiés. Moreover, Chree had sufficient ‘scientific status
for the holder of what might become a senior positin British physical science.
Schuster’'s comment about the need to recruit soenéoh sufficient scientific
attainments’ is directly echoed by the ‘scientifitatus’ specified in the job
description. One of the other candidates, Herf@emnlinson, FRS, had more
scientific status, but at 47 years of age he migiwe been considered quite old to
become head of a laboratory that might not coneeristence for some years yet.
Chree began work as superintendent at Kew on 1% NM93. Baker, who
had run the observatory throughout Whipple’s iljvaad after his death, never rose
above the position of Chief Assistant. He retiredl912, after some 52 years’
service at Kew?® Baker was paid £250 per annum, though he wasgiveonus of
£50 each year from 1897 to 1900 inclusi®gerhaps in recognition of the extra
work involved while negotiations were in progressievelop Kew into the proposed
National Physical Laboratory. The salaries of tither senior assistants were
capped at £150: when they had reached this amthey, could not be increased
further. Occasionally the assistants were paidldmoauses. In February 1893, for
example, three were given bonuses of £10 éachhe Kew Committee’s refusal to

increase the salaries caused much frustration arttengssistants in the 1890s, for

32 Schuster to Francis Galton, 22 February 1893, BNA/210/1151F.
3 Glazebrook to Galton, 23 February [1893], TNA:BJ1D/1151F.

34 Schaffer (1992).

35 Jacobs (1969), p. 169.

36 KCM, 17 December 1897; KCM, 15 December 1899.

37 KCM, 24 February 1893.
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while their salaries remained fixed, the level esponsibility they had to take on
greatly increased, especially with the ever-indrepsnumber and variety of
instruments being sent to Kew for testing. Thignade clear in a letter to the
Committee from Senior Assistant E G Constable, Wwhdhen had worked at Kew
for twenty years and was now, he pointed out, iargé of all the watch- and

chronometer-testing:-

The work entails much responsibility, and my salafter so many years service is
small indeed, and | shall be very grateful for meréase®

The situation had not improved by 1898, by whichetithe idea of siting the NPL at
Kew was being publicly aired. In February of tlyatr, Constable and four other
senior assistants wrote to the Committee, poinbagthat while at Kew the senior
assistants received no more than £150 to £175,dhaivalents at Greenwich earned
£300 to £450 for quite similar work. Constable &l colleagues believed that ‘the
present low standard of salaries is a source ofodrmagement’ and asked if
Committee members could use their influence toeiase salaries if Kew were to
become part of the proposed new laboratdry.

Yet it was not just the assistants that were ygoaid. Even Chree was paid
only £400 per annum (rising to £500 in 1897), coragawith the £1,000 per annum
earned by the Astronomer Royal at Greenwich. [uantore, the published job
description in 1893 specifically stated that ‘n@ysion is made for a pension’, in
contrast to the generous pensions paid to the Astner Royal and his assistants at
Greenwich. This was despite the great responsiltiiat went with Chree’s role: by
1900 he was in charge of eighteen staff and runaigntral standards laboratory
that tested thousands of instruments each yednding many valuable watches and
chronometers. This underfunding of staff salar&mained a characteristic of the
NPL after 190¢° — and for a similar reason: the early NPL, likenkevas expected
to support itself, to a large extent, through veaifion fees.

The junior assistants at Kew were paid correspaigdiless than the senior

staff. In 1890, for example, W Gough, a nineteearyold junior assistant, was on a

38 Constable to Secretary, Kew Committee, 21 Janl@®p, TNA:BJ 1/209/1150.

% E G Constable, W Hugo, J Foster, J Gunter and WaBdo Chairman & members of
Kew Observatory Committee, 14 February 1898, TNAIR1 3.

40 Moseley (1978), pp. 237-8 and 245.
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salary of 19 shillings per week, or approximatebp fper year — no more than what
Royal Artillery Sergeant John Galloway, the vemstfiassistant at Kew under the
British Association, had been paid in the 18408 Skapter 2, Section 2.6).Small
salary increments were sometimes granted if asssstad certificates of good
conduct — as in 1899, when £5 was awarded to eaitte gunior assistant€. Much
of the basic, routine clerical and calculation warés handled by ‘boy clerks’ aged
between fifteen and seventeen and paid betweemd(l4 shillings per week on
appointment, rising to a maximum of 20 shilling&)fer week. These were not an
innovation at Kew in the late nineteenth centurgofge Whipple had begun his
career at Kew aged just fifteen in 1858. But aswblume of work increased, more
clerks were needed; six boy clerks were workingew by 1899* The boy clerks
at Kew can be considered as roughly parallel to'libg computers’ at Greenwich,
who did much of the tedious arithmetic involvedr@ducing raw astronomical data
to a useable form. As at Kew, most of the Greehwdomputers were of school-
leaving age and were not guaranteed permanent ‘%toa. both observatories, the
clerks and computers were cheap and expendablarlalthough as with their more
senior colleagues, the Greenwich computers wetterbghid than their equivalents
at Kew. The 10 to 20 shillings per week — thatE®6 to £52 per year — earned by
the boy clerks at Kew was at the lower end of the #© £84 per annum earned by
the computers at Greenwi¢h.The Kew Committee does not seem to have emulated
the short-lived Greenwich experiment, begun in 188flemploying women as
computers. The only women employed in sciencdedlaork at Kew before 1900
were Elizabeth Beckley, who helped photograph the f& the 1860s and 1870s
(Chapter 4, Section 4.3), and Miss Clements, whoptearily engraved the
thermometers with the Kew Observatory monogram (3espter 5, Section 5.5).
Charles Chree’s sixteen-page article for the 1&8#on of theRecord of the
Royal Societyives a predictably uncritical picture of the walbne in various parts
of the Kew buildings on the eve of the NPL era aags little about the staff. But
an unpublished description of the observatory pceduor the benefit of the NPL’s

41 Gough to Whipple, 19 May 1890, TNA:BJ 1/209.

42 KCM, 15 December 1899.

43 Document for inspection of Kew Observatory by Gah&oard of NPL, October 1899,
TNA:BJ 1/213/1361.

44 Grier (2005), pp. 50-52.

45 Hutchins (2005), p. 69.

46 Chree (1897).
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recently-constituted General Board (see Sectioly @Hose members inspected the
premises in October 1899, reveals a further detaihe different ranks of staff at
Kew were identified by the wearing of coloured wbis: the boy clerks wore blue
ribbons, the junior assistants white and the semssistants retf. Further evidence
of the regimented regime at Kew is provided in terlaeminiscence, citing stories
told by staff who had worked at Kew in the lateateenth century — including one
which claimed that the Superintendent stood onfritvet steps of the building and
blew a whistle to call the staff back to work aftench?® Some historians have
likened Airy’s regime at Greenwich to a factory,vitmich ‘profit was measured in
terms of public utility and scientific prestigethrar than Pounds Sterlirf§’and it is
clear that in this regard Kew bore strong similasitto Greenwich. Thus right up to
the end of the nineteenth century, for all the g¢esnin the make-up of the Kew
Committee, Kew Observatory remained as hierarclasat had been in the 1850s,
with each man — including the superintendent —srpkace. When it became part of
the NPL in 1900, it was still a traditional Victan observatory.

Yet although its management structure remaineditivaal (as did that at
Greenwich), between 1885 and 1900 the charact€ewf Observatory did undergo
changes that would set important precedents forftibere. With its seal of
incorporation in 1893, Kew Observatory was offijigddmitted to be a business by
both its managing committee and the Royal Socie#dthough in theory the
observatory was still a part of the Royal Sociéby,most practical purposes it was
independent of it. Therefore in this sense it wasch like the National Physical
Laboratory after 1900, which was run by an exeeutemmittee appointed by the
Royal Society Council, yet was independent of tlog/dR Society and expected to
support much of its work through the fees chargedst customers. In appointing
Charles Chree, the Kew Committee had a laboratimgctdr whom they hoped
would be in the mould of the university physicistdio formed a new and powerful
group on the Committee. Chree was young, energatichad scientific prestige. In
the next section | shall discuss how the changaignsific programme at Kew also

provided a precedent for the NPL.

47 Document for inspection of Kew Observatory by Gah8oard of NPL, October 1899,
TNA:BJ 1/213/1361.

48 Scrase (1969), p. 181.

4% Chapman (1985), p. 321; see also Smith (199113417 and Grier (2005), pp. 52-53.
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6.3 Geomagnetism, meteorology and standardisatiat Kew to 1900

In George Whipple's last years as superintendeagmpgnetic work at Kew
continued as it had since Sabine’s withdrawal friiv@ scene in the mid-1870s
(Chapter 5, Section 5.5). The magnetic instrumantee basement continued their
automatic recording of changes in the Earth’s magfield and Kew maintained its
international status as a magnetic observatorye diiservatory was still used as a
reference station for magnetic surveys. For examipl 1887 Arthur Rucker and
Thomas Thorpe, Professor of Chemistry and a calkeagf Riucker at South
Kensington, visited Kew to make base observationsifmagnetic survey of Ireland,
part of a new magnetic survey of the whole Britisles. In their resulting paper
they used magnetic data from Kew going back to P85&ew also remained a
centre to which overseas observatories sent thstruments to be calibrated: in
1890, instruments for observatories in Hong Kotajyland Portugal were examined
at Kew>! Yet none of the research done with these instnisneas directed from
Kew. Although Arthur Ricker became a member ofklber Committee in 1889, he
ran the magnetic survey in his capacity as Profeas@outh Kensington and not
under the auspices of Kew Observatory. Whipple meager pressed into service to
make the field observations in Scotland the waynJMelsh was in 1857 (Chapter 3,
Section 3.4). Rather than being the centre ofva Meagnetic Crusade, Kew was
now more of a standardisation centre for magnestruments used for research at
other institutions.

Geomagnetism at Kew underwent something of a a¢iter Charles Chree
arrived as superintendent in 1893. Chree hadrailyimade his name as a physicist
in the theory of elasticity, but after coming to WKene switched to terrestrial
magnetism. This remained Chree’s main resear@nesit for the rest of his career
and is the work for which he is best remembered.eérly as 1895 he announced his
first major result: that so-called ‘quiet days’, iatn had hitherto been considered to
be days in which there was little or no magnetitivig, were themselves variable
and could not be used as the default in studiesaginetic cycles. Variations in the
quiet days also had to be taken into account idiessuof magnetic cycles. Chree

50 KCR, 1887, p. 212pid., 1889, p. 475.
51 KCR, 1890, p. 495.
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later extended his research into solar-terresteiations. By the end of his career —
he only retired from Kew Observatory in 1925 andddin 1928 — he had greatly
strengthened the link already known to exist betwselar activity and magnetic

disturbances on Earth, by demonstrating that susturdances tended to repeat
themselves every 27 days, exactly the same asuihie Btation period as seen from
Earth>?

This confirmation of the link between the Sun aedestrial magnetism
might seem like Kew Observatory coming round fultle and again becoming the
kind of organisation that it had been under Sabihevas Sabine, after all, who had
discovered the correlation between the sunspotraaghetic cycles in 1852 and who
had transformed Kew into a world-class geomagretid solar observatory. Yet
there was now an important difference. Althoughrééhused Kew data in his
analyses, he did not work in the capacity of aaimeof a network of observatories
across the globe, as Sabine had done. Even tiet @pys’ so important to Chree’s
discoveries were not selected by Chree himselomFi891, the annual reports of
the Kew Committee regularly listed the days ‘sedddby the Astronomer Royal, as
suitable for the determination of the magnetic wiivariations’, because they were
magnetically quiet®> Greenwich and not Kew was now setting the pade aghich
days were suitable for these observations. GeAngehad retired as Astronomer
Royal in 1881. He was succeeded by William Cleigthe son of Samuel Hunter
Christie, one of those who had attempted to setauBoyal Society physical
observatory in 1840, as described in Chapter 2ti@e@.3). Christie was by all
accounts a more genial figure than Airy, but h# sdw himself as the head of a
national observatory and so believed that direabibobservations in solar-terrestrial
relationships was his prerogative. Indeed, Clerigtanted to expand the ‘physical’
side of the work at Greenwich, including the magnahd solar observations, which
was part of the reasoning behind his new ‘physichservatory’ building at
Greenwich?*

Although he was a theoretician and not a laboyateosrker, Chree did not
isolate himself completely from the day-to-day metgn work at Kew. His
obituarist credits him with personally training theo magnetic observers of the

52 S[limpson] (1929), pp. ix-xi.
3 KCR 1891, p. 167.
4 Higgitt (2014), esp. p. 625.
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‘Southern Cross’ Antarctic expedition in 1899 arsgloawith training members of
Robert Falcon Scott’s two Antarctic expeditiongtia early twentieth century. But
one might question whether he needed to have ld¢avato make the discoveries
in Sun-Earth interactions that formed his most ingoat work. The sophisticated
statistical analyses in his magnetic papers wecdittded by his background in
Cambridge mathematics and he might well have béénta do exactly the same
work if he had remained at Cambridge.

Sabine’s cherished magnetic instruments did moaine at Kew for long after
the start of the NPL era in 1900. Early in 1898iBaent sanctioned the building of
a new electric tramway between Kew Bridge and Hmmghat would pass within
1,300 yards of Kew Observatory. In the belief ttat tramway as proposed ‘would
ruin the magnetic work at Kew Observatory’, the KEammittee appointed a sub-
committee, chaired by Ricker, to see that the traynwould minimise the
disturbance to the Kew magnetic instruméfits.The Committee managed to
persuade the Board of Trade, via the Royal Sodiyncil, to require that the
power lines be thoroughly insulated and that tresabrequirement for any future
tram lines that might affect Kew Observatory. Yetits report for 1898 the
Committee admitted that it was ‘impossible to compéate the future without some
misgivings’>’ These misgivings eventually proved to be welldided. Electrified
local transport systems continued to encroach om &ed just three years later, the
Royal Society Council agreed to the Kew magnetstriiments being removed ‘to
some other suitable sit?®. Eventually, the Executive Committee of the NPL
approved construction of a new magnetic statioBskidalemuir, a remote location
in south-west Scotlamd. Opened in 1908, the Eskdalemuir Magnetic Obseryat
continues to monitor the terrestrial magnetic fiet this day and so can be
considered as the successor to the magnetic sittee afiork at Kew. By 1926, all
geomagnetic observations at Kew had ce&%edn its 1860 description of Kew
Observatory the BAAS Council had noted that ‘theose produced by its complete

%5 S[impson] (1929), p. xii; KCR, 1898, p. 4.

% KCM, 7 February 1898.

S"KCR, 1898, p. 12.

%8 RS:CM, 21 March 1901.

% Magnello (2000), pp. 31-32; Pyatt (1983), p. 413lkér (2012), pp. 135-136.
60 Eskdalemuir Magnetic Observatory website:
http://www.geomag.bgs.ac.uk/operations/eskdale,ldodessed 5 March 2015.
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isolation is eminently favourable to scientific easch’®®  Thanks to the
encroachment of London’s developing transport linksat isolation no longer
existed by 1900.

Although Kew Observatory had in 1876 ceased to the ‘central
observatory’ to which data from the Meteorologi€afice’'s network of outlying
observatories were sent (Chapter 5, Section :ijughout the period from 1885 to
1900 senior members of staff at Kew still had resgality for inspecting these
observatories on behalf of the Meteorological Cdunto ensure that their
instruments were working as efficiently as the Kelandards. Whipple personally
inspected some of the observatories; the others imspected by Thomas Baker, the
Chief Assistant. The volume of work increased talsathe end of the nineteenth
century, as the Meteorological Council added séwesav stations to its network.
By the late 1890s, in addition to the original sgtablished by Sabine in 1867
(Aberdeen, Glasgow, Stonyhurst, Armagh, Falmouth\&elencia), there were now
also stations at Fleetwood, Deerness (on the Orlgtayds), Fort William, Alnwick
Castle, North Shields, Yarmouth and Dubffinin 1890 the Council also established
an observatory at the summit of Ben Nevis, the dsgtpoint in Britain, with an
accompanying out-station at the base of the maounti the summer of that year,
Baker duly visited the observatory at the base @b & the barograph and
thermograplf?

The experiments on cloud photography, begun ir4188ntinued at Kew
until 1892. In 1888 these were extended to tinpsdaphotographs of cirrus clouds,
taken with one camera, which were successful inwsigp extensive structural
alterations in these high clouds at time intenafisas little as two minutes. As
before, the work was not independent but directethb Meteorological Coundif:
By the early 1890s, Kew was by no means the onlyenkatory photographing
clouds. In 1891 the BAAS set up a committee tordoate a national project to
photograph and classify cloud formations and Kewtriouted some photographs at
this committee’s reque&. This was an ironic reversal of roles since thddig of

the century, when the Kew Committee, then under BRAS, had coordinated

61 BAAS:CM, 27 June 1860.

62 See, for example, KCR, 1894, p. 503.

63 KCR, 1890, pp. 493-494; Walker (2012), pp. 120-121

64KCR, 1888, p. 78.

8 Anderson (2005), p. 225; KCM, 30 January 1891; KC$91, pp. 156-7.
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observing efforts, such as the ground observatigngolunteers made during John
Welsh’s balloon ascents in 1852 (Chapter 3, Se&idh Now, the Kew Committee
of the Royal Society was humbly complying with aguest from the BAAS.
Similarly, in 1894 Kew contributed cloud photograpb an exhibition organised by
the Royal Meteorological Society. As early as 1,88 society had sent a circular
to some two hundred private individuals with arerest in meteorology, asking
them to take photographs to resolve queries asemature of lightning and cloud
formations. As Jennifer Tucker has described, 1B80s saw the widespread
availability of simple hand-held cameras, togethth ‘dry’ photographic plates
that required no complex preparation before exposurd were easy to develop
afterwards. There was therefore a large pool dfinteer photographic talent and
the RMS hoped that the many resulting photograghslauds would have more
scientific authority than the often sketchy and stmes contradictory reports based
on visual observations. Thus at the 1894 exhibitihe Kew photographs of clouds
were only part of a much larger display, in whichnm of the pictures were taken by
volunteers® It was a very different scenario from the 185&inational Exposition
at Paris, in which Kew had its own display of magneand meteorological
instruments (Chapter 3, Section 3.4).

Chree played little direct part in Kew meteorologyter he became
superintendent in 1893. From the beginning, hggaaa much more modest part
than Whipple had in the inspection of outlying alagories. In 1894, for example,
he visited the stations at Aberdeen (his nativg) @nd Glasgow, but by the late
1890s he was leaving the work to his senior asgsta One aspect of
meteorological research that did show a revivalGhree’s early years was
atmospheric electricity. As described in Chaptethis had formed an important
part of the earliest observations carried out aw kiethe 1840s, when it was linked
to the ongoing Magnetic Crusade. Even after thieereent of Francis Ronalds in
1852 and the subsequent replacement of Ronalddr@heeter in the dome with the
photoheliograph, studies of atmospheric electriattitew never wholly died out. In
1860 an electrometer designed by William Thomsagaheworking at Kevi® At
the 1881 Annual Meeting of the BAAS, Whipple praseina summary of the results

% KCR, 1894, p. 507; Tucker (1997), pp. 386-389.
67 KCR, 1894, p. 503pid. 1897, p. 164.
%8 BAAS:CM, 16 November 1860.
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obtained at Kew with a Thomson electrometer overybar 1880, together with a
discussion on what light they shed on relationsvbet atmospheric electricity and
meteorological phenomefRa.

Soon after Chree’s arrival, the electrometer wasrltauled and a new series
of observations commencé¥l. Chree published the results in an extensive piaper
the Proceedings of the Royal Sociaéty1896. Again, however, Chree did not make
the observations himself. At the end of his paperacknowledged that ‘Mr.
Constable [a senior assistant at Kew] took all ¢hextrical observations and the
measurements of the meteorological curvésObservations with the electrometer
continued after 1896, but in 1899 the MeteoroldgiCauncil allowed the Kew
Committee to lend the results to a near-contemgaf€Chree and a fellow graduate
of the Natural Sciences Tripos, Charles Thomsors Reiéson’? Wilson is now best
remembered for the invention of the cloud chamidrich facilitated the study of
subatomic particles and enabled Joseph John Thotosoeasure the charge on the
electron, but his initial interest was meteorold@yit is likely that Chree, wanting to
concentrate on terrestrial magnetism and othervbssy with running the
observatory, was glad to hand the electrometer waw&r to Wilson, his old
Cambridge colleague. In Wilson’s work we see aeottxample of how the Kew
Committee was no longer directing the cutting edfjeesearch. Although Wilson
used data from Kew, he carried out the researc@aatbridge. In meteorology as
much as magnetism, Kew continued as a routine imxamgf station, yet other bodies
— including the BAAS and the Royal Meteorologicakciety, as well as Cambridge
— were leading the research programme.

While Kew Observatory after 1885 no longer playedeading role in
geomagnetic and meteorological research, it becaore than ever a leading centre
for standardisation, especially in the form of iastent testing in return for fees. As
noted in Section 6.2, by 1899 the income from ursgnt tests dwarfed the annual
dividend received from the Gassiot Trust (see dlable 6.1). Tests of clinical
thermometers continued to provide a substantidl gfathe standardisation income

and the numbers tested continued to rise after.188% 1886 report of the Kew

®KCR, 1881, p. 83.
0KCR, 1894, p. 503,
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Committee claims that 9,054 clinical thermometersrevtested at Kew; the
corresponding figure for 1899 was over 16,600But the rise in income must also
be due to the great diversification in the rangassfruments tested after 1885. Tests
of sextants, never more than 100 per year befo88,18se sharply in 1889 and from
the mid-1890s more than 500 were tested every yddso in 1889, Kew began
testing large numbers of telescopes and binocttarthe Royal Navy® As with
sextants, around 500 telescopes and a similar nuoflibénoculars were being tested
at Kew by the late 1890s. In 1891 Kew also begatirtg camera lenses, though
until the late 1890s never more than 31 lenses wested each year. Only in 1899
did the figure jump to 160 lensés.

At the same time as the Gassiot income was shignkkew’s annual
allowance from the Meteorological Council — in metdor Kew being one of the
system of self-recording observatories and alsat$oofficers inspecting the other
observatories on the Council’s behalf (see above)emained static at £400
throughout the last fifteen years of the nineteesghtury. The Kew Committee
therefore had a clear financial incentive for dsiging the standardisation work.
Yet there is also evidence that Kew began testimgesnew types of instruments in
response to customer demand. The testing of caieases, for example, was
originally suggested to the Kew Committee by then€e Club — another example
of the growing importance of amateur photographyhia 1880</ The testing of
Royal Navy telescopes and binoculars was first@segd in 1888 by the Secretary of
the Admiralty, who asked that all such telescopeselsted at Kew before purchase.
The following year, the Kew Committee began halkmay these naval instruments
with the ‘KO’ monogram that had become famous anttifermometers — a sign that
the Admiralty wanted the prestige of instrumentartrgy the Kew hallmark® The
Navy likely needed to purchase a large number titalpinstruments as part of its
programmes in the 1880s and 1890s to build a newrggon of battleships of the
latest design. In particular, the building of awmnelass of battleships, launched in
1895 and 1896 under a programme directed by Loreh&, First Lord of the

Admiralty in Gladstone’s last government, may ekpla large jump in the optical
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testing at Kew in 1893: 913 telescopes and 466cbilars’® The Kew Committee
actually had to reject a proposal to test the larigmses and shades on ships’ lights
for the Merchant Navy, on account of the obseryésdanland position, far from any
port, in addition to the lights being heavy andkiyuio transport and there being no
money to set up a suitable outstation at a {foMVith this exception, however, it is
clear that the Kew Committee did not hesitate tmgly with the requests to test
new types of instruments. Indeed, once a propfisah new type of test was
accepted, the Committee advertised its servicesjtaghe 1891 circular sent to lens
manufacturers describing the proposed camera ésitsSt

External demand was behind another striking intiomaat Kew after 1885:
the extension of the existing service of watchagtio testing marine chronometers
for the Admiralty and the Board of Trade. Marineranometers were precision
timepieces that enabled ships’ officers to deteenmiamgitude at sea. In November
1885 the Kew Committee received a request from Obatwell-known clockmaker,
to have chronometers tested at Kew. The Commitisteno time in acquiring a
second-hand oven from the Meteorological Office, test the timepieces’
performance at a variety of temperatures, repraseatof the different climates
encountered on ocean voyadéskew began testing chronometers in August 1886.
The trial initially used at Kew tested the chrondens for five periods, each lasting
six days, at temperatures between 55 and 80 degedwsnheit. The chronometers
were given one day’s rest between each tempertstemaking an entire trial last
35 days. If the difference between the chronorsetaily error (or ‘rate’) at the
different temperatures was sufficiently small, &sagiven a certificat® A total of
seventeen chronometers were tested at Kew in 1888&.number declined over the
next few years, before gradually rising again aeaking at 70 in 1898'

Chronometer rating was Kew's biggest incursion yato territory
traditionally held by Greenwich. Indeed, it formpdrt of Greenwich’s original
mission, going back to 1675, of enabling sailordind longitude. In Airy’s time,

for Kew to be testing the most important piece giiipment for finding longitude
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would have been unthinkable. However, as notetieean this section, William
Christie, Airy’s successor from 1881, wanted to angb the work at Greenwich
beyond its traditional navigational remit. Thisgéther with Christie’s relatively
easy-going personality, might explain why Christims tolerant towards Kew
Observatory rating chronometers. Indeed, Christis initially very helpful in his
attitude to chronometer rating at Kew. In 1888idsponse to a letter from Whipple,
Christie recommended a more stringent test thanithaurrent use at Kew. He
advised that Kew should increase the maximum teatpex used in the test to 95
degrees Fahrenheit and also reduce the allowantadé for changes in temperature
when determining a chronometer's réte. The Kew Committee eventually
implemented these recommendations. It calledttugher test the ‘Class A’ test,
while a modified version of the old test was call€lass B’ and charged an
accordingly lower pric&®

In the early 1890s, with the introduction at KeWwabchronometer test as
tough as that at Greenwich, Christie’s staff at g@wech did come to see the
chronometer rating business at Kew as competitlorMay 1893 Thomas Lewis, an
assistant astronomer at Greenwich, warned an alffati the Admiralty about an
advertisement for chronometer tests at Kew anti@heed to take immediate action
‘to stop the Clerkenwelsjc] people sending their best chronometers to Kevd an
that ‘if a possible number to be purchased couldnbmed we might do this’.
Clerkenwell had long been London’s traditional fnstent-making district. The
official replied that the Admiralty could not ‘infere’ with the Kew advertisement,
but reassured Lewis that he could tell the chronemmakers that the Admiralty
would be willing to spend around £1,000 on chrontemsethat year, ‘provided they
are recommended for purchase by the AstronomerIRolen days later, Lewis had
written ‘to the Clerkenwell peoplé”. That Greenwich was thus tipped off about the
Admiralty’s plans to purchase a large number obnbmeters might explain why
only ten chronometers were tested for British mslarKew in 1893. But as the
1890s progressed, the number of chronometers tast¢elv continued to rise: in the

long run, Greenwich was unable to stop makers fnawing their instruments tested
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at Kew. In any case, Kew may have been no greaatho Greenwich, whose
principal client was the Admiralty. The Kew Comtaé& could sell its services to
other customers, not least the merchant shippiotpisewhich it targeted in 1891
with a circular sent to all the main British sted&mps companies, advertising
chronometer rating at Kef. More dramatically, in April 1893 the Committee
agreed to a request from the Iltalian naval attaché.ondon to test some
chronometers being bought by the Italian governmeBeginning in June 1893,
some thirty chronometers were tested in a spedmnlilf oven in the basement of the
observatory, at temperatures of up to 100 degrabseRheit, presumably to allow
for the ltalian climaté® The following year, the Kew Committee performed a
similar trial of chronometers for the Portuguesevegament® Both requests
indicate that Kew now had an international repotain this field, in addition to its
established name in testing magnetic and metedoallogstruments.

By the 1890s, this renown was also firmly estdigids among makers of
ordinary watches, whose letterheads proudly claithat their wares were tested at
Kew and Greenwich. Makers could choose to havelvesttested at Kew in one of
three classes of trial, A, B and C, of which Classwas the toughest. The
performance of watches in class A was further rdtgdhem being given marks
between 0 and 100, with a watch only just pasdnegGlass A standard being given
0 and a watch with no measurable error at all assid00. The cream of the Class
A watches were given certificates marked ‘especigdiod’®* The watches scoring
the highest marks in each year’s tests were lisahg with their marks and the
manufacturers’ names, as an appendix to that yeapart of the Kew Committee,
which turned the Kew Class A test into a fierce petition among the elite
watchmakers of London and Coventry. By the lat@0E8 some chronometer makers
were calling for the marks to be made less explogtause they found that watches
with even slightly lower marks than their very beses were taking longer to s&l.
That one manufacturer in 1899 allegedly exaggertitechumber of watches he had

8 KCR, 1891, p. 160.
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had tested at Kew is further evidence of the ingrar¢ of Kew Observatory to the
British watch trad€® Watches continued to be tested at Kew afterdabee part of
the National Physical Laboratory in 1900 and theifezate given to watches that
met the standard was still called the Kew ClasseAiftcate after watch-rating was
moved to the NPL’s Teddington site in 1912 (seetiSe®.4). The Kew Class A
test was only superseded at the NPL in 1951. \eatblearing ‘Kew Observatory’
test certificates are still sought after by ant&dealers toda$f:

As with geomagnetism and meteorology, from the-&880s standardisation
at Kew became influenced by the Cavendish Laboyatdiitherto, thermometers
tested at Kew had generally measured temperatfirgs to 100 degrees Celsius. In
January 1895 the Kew Committee discussed obtaiaifglatinum thermometer’,
which measured temperature using the resistance lehgth of platinum wir&
Because platinum thermometers could measure tetapesaaccurately up to around
600 degrees Celsius, they had many industrial dkasescientific uses, such as
measuring the freezing points of metals. They a3d the advantage of allowing
temperatures to be measured remotelyln October 1895 the Kew Committee
obtained £100 from the Royal Society Governmenn@Gi@begin investigations into
the working of platinum thermometets. Three months later, Charles Thomas
Heycock of the Cavendish Laboratory visited Kewctonpare the performances of
platinum and mercury thermometers at temperatureseal00 degrees Celsius. In
1896 the Kew Committee asked the physicist JohermHarker to continue the
experiments, in particular to compare the perforreant the platinum thermometers
with a gas thermometer used by the Bureau Intemnaitides Poids et Mesures
(BIPM) at Sévres, near Paffs. The BIPM had been opened in 1878 as an
international standardisation centre for metricgh&s and measures authorised by an
1875 treaty under which seventeen countries — diull controversially, the United

Kingdom — committed themselves to the metric systenHarker's collaborative
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work with the BIPM was published in an 1899 papgrHarker and a physicist at
Sevres, Pierre Chappuis. In November 1899, juske/defore the handover to the
NPL, the Kew Committee authorised the building af apparatus for comparing
mercury thermometers with a platinum thermoméier.

Harker was not a Cambridge graduate: he had stuati®©wens College in
Manchester. Yet it is noticeable that in additionthe experiments being started
under Heycock, important technical assistance praving the apparatus was given
by William Napier Shaw, another Cavendish physieiio had been on the Kew
Committee since 189%! Further assistance was lent by the Cambridgenffice
Instrument Company, of which Shaw was a directod which had begun making
platinum thermometers commercialif. As with watches and chronometers, the
impetus to enter this field was external. A remarkhe 1897 Kew Committee
report indicates that the Committee and staff atvKeere under some pressure to

produce results in this new field:-

This is a subject of increasing urgency in viewepeated requests for direct high
temperature verifications which cannot as yet lisfaatorily dealt with'>

In fact, even before the £100 grant had come ie,Kbw Committee authorised
Rucker and Shaw to buy the platinum thermometryaegpst® It is quite possible
that Shaw and the Cambridge Scientific Instrumeminfany were the source of at
least some of the pressure, as the company, whictked closely with the
Cavendish and was keen to sell its wares to laboest would have had an interest
in developing a reliable platinum thermometer witle Kew hallmark as a seal of
quality1°® Indeed, the company’s 1893 catalogue proudlyrinéal potential buyers
of its wares that its platinum thermometers wouldd@me with tables of corrections
similar to those that Kew Observatory included witktruments tested there — a
further indication of the prestige of the Kew instrent test$®® The importance of
Harker's work is emphasised by his being takentdfeav as a ‘special assistant to
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the Superintendent’ in 1898. He was still listadsach on the payroll after Kew was
handed over to the NPL in 1900 and went on to becbead of the NPL’s heat and
thermometric division, where he continued the wioekhad commenced at Keéi.
Harker's work on platinum thermometers demonstrates only the increasing
influence of the Cavendish Laboratory on Kew, hisbahat, several years before
1900, something like the NPL’s thermometric divisivas already in existence at
Kew.

The multiplicity of work being carried out at Ke@bservatory by the late
1890s must have made the place seem crowded. bEeevatory had been extended
somewhat since the BAAS acquired it in 1842. A-stogey outbuilding, just south
of the main building, was built in the late 1860fiem Kew became the
Meteorological Office’s central observatory. By9¥8it was known as the ‘clinical
house’, because by then it was used for testingliheal thermometers. In 1887,
the Kew Committee agreed that to install additioeglipment in the observatory
more space would be needed. Accordingly, an amtditistorey was built on top of
the east wing of the observatory in 1888, follovigdan identical storey on the west
wing in 1891. The building of both these extensiaras financed by loans from the
Royal Society Councii®® The completion of the western extension gave the
building the general appearance that it retainaytodret Chree’s 1897 article in the
Record of the Royal Sociegjosses lightly over the fact that the prestigicatsng of
watches was taking place in the same western raothme ground floor where the
standard barometers and thermometers, as welleasnitgraving machine used for
making new standard thermometers, had been ininse the 18508° This is,
however, apparent from the document drawn up ®irbpection of the premises by
the NPL Executive Committee in October 1889.1t may be that by the time the
NPL took over, Kew Observatory had reached thetdinof its spatial capacity.
George llI's former private observatory had serwsdll as an experimental
observatory as conceived by the BAAS, yet for daonal standardisation centre

branching out into ever more types of work, langemises were needed. In Section
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6.4 | shall discuss the role of Kew Observatorythia creation of the NPL, a role

whose importance has hitherto been insufficientknawledged by historians.

6.4 Kew Observatory and the origins of the NationlaPhysical Laboratory

We have seen in Sections 6.2 and 6.3 how by th@s18%ew Observatory was a
very different institution to what it had been undee BAAS in the 1850s and
1860s. The Kew Committee was now dominated by & meneration of
professional, university physicists, who had laygiikplaced the wealthy gentlemen
scientists who had previously directed the committeAt the same time, the
observatory was making most of its income as aonati— indeed imperial —
standardisation laboratory. Yet very little ofgHinds its way into the official and
academic histories of the National Physical Lalmwsat In the most detailed
scholarly account that we have of the NPL’s origiRassell Moseley describes how
Kew Observatory was seemingly selected as a sitthéonew laboratory at the last
moment by BAAS president Douglas Galton, apparemtiyiis own initiative! In
this section | use the unpublished minutes of thewKCommittee and the
correspondence of Kew Committee and Royal SocietynCil members — which
were confidential at the time and so allow manyate opinions to be expressed — to
track the relationship of Kew Observatory to thigios of the NPL, as seen from the
standpoint of our institutional history of Kew Obgatory. This narrative reveals
that Kew Observatory and its governing committeeensentral — indeed essential —
to the foundation of the NPL. | will use this tayae that far from being a PTR-like
institution, heralding the displacement lafssez-faireby state-funded science, the
NPL in its first years was a continuation and egien of Kew Observatory and that
its origins were thoroughly a part of tteéssez-faireworld.

The histories described above typically trace thigins of the NPL to
Alexander Strange’s 1868 paper on state fundingstience and the subsequent
Devonshire Commission, among whose recommendatiori375 were physical
laboratories for determining national standards.his 1871 presidential address to
the BAAS, William Thomson also argued for the seftiup of government-
supported laboratories that would do research enphysical sciences. Thomson

111 Moseley (1976), pp. 18-71; see also Moseley (1918)225-226.
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alleged that university physics laboratories hadtim® for research, because they
were fully occupied with teaching? But neither of these called for a single, central
laboratory supported by the government. The esrjpeiblic call for this type of
institution came in 1891 from Liverpool physics f@ssor Oliver Lodge. Like the
Kew Committee members George Carey Foster and ARligker, Lodge was one
of the younger generation of professional physscisho held full-time academic
posts. On 20 August 1891, Lodge gave a speecle¢tof A (Mathematical and
Physical Science) of the BAAS, in which he urgedttphysics, especially ‘the
quantitative portion’ dealing with standardisati@amd constants, needed to be
pursued ‘in a permanent and publicly-supported glay$aboratory on a large scale’.
Lodge acknowledged the importance of the work aulyebeing done at Kew and
also at the Board of Trade’s standards departmémestminster. The latter looked
after the national standards of weight and measineg 1889 the Board of Trade
had also maintained an electrical standards latwyrahat ran a limited programme
of electrical instrument-testing. Now, howeverdge wanted to see a much bigger
establishment on a national scale: ‘a Physical @bsary, in fact, precisely
comparable to the Greenwich Observatory’. Suchtenal institution, Lodge said,
would house Britain’s national standards and, iremo of Thomson’s 1871 speech,
would also carry out long-term researches, for Wwhiaiversity laboratories were
inadequate, because ‘in most college laboratotader conditions of migration,
interregnum, and a new regime, continuity of inigegton is hopeless™*?

After Lodge’s speech, the BAAS appointed a comeritto discuss the
question of such a national laboratéty. The committee was chaired by Lodge, and
its other members were all leading university ptigss: Richard Glazebrook of the
Cavendish Laboratory, William Thomson, Lord Rayteig J Thomson, Arthur
Rucker, Robert Bellamy Clifton (Oxford), George Zgrald (Trinity College,
Dublin), George Carey Foster and Viriamu Jones \ehsity College, Swansea).
Two of these, Foster and Rucker, were serving mesnbethe Kew Committee.
Historians have claimed that the BAAS committee weasy pessimistic about the

prospects of setting up a national laboratoryngitifor example, Glazebrook as

112 Thomson (1872a), p. Ixxxviii.

113 odge (1892), esp. pp. 549-551.

114 The committee was formally described as ‘the Come®ion a National Physical
Laboratory’. (BAAS:AR, 1892, p. xiii.) This seents be the earliest use of the exact
phrase ‘National Physical Laboratory’.
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saying that ‘it was felt to be hopeless to appraaehGovernment’ for funds and that
the committee’s discussions went nowhere. But #eems to be based on
reminiscences after the event — in the case of éblaok’s alleged ‘hopeless’
feeling, an article ilNaturefrom 1901, after the NPL had been establishedsthmy
with Glazebrook’s own reminiscences in 1933. In fact, unpublished archival
evidence shows that the BAAS committee was stity vauch alive in early 1893
and that several of its most influential membersewar from pessimistic. On 21
February 1893 Lodge, the committee’s chairman,iedplo a letter from Francis
Galton, chairman of the Kew Committee, which apptyesuggested that Kew
Observatory could form a centre around which theppsed National Physical
Laboratory might be built. Lodge claimed that AnttSchuster of Owens College,
Manchester had written to him the day before wittinailar suggestioft® Whether
Galton or Schuster had the idea first, we do nowkrbut it was Galton who seems
to have triggered what happened next.

Lodge immediately wrote to the various membershef BAAS committee
about the possibility of using Kew ‘as a nucleus tbe proposed National
Laboratory’ and asking them to send their viewsently to Galton in time for the
next meeting of the Kew Committee, scheduled fag tbllowing Friday, 24
February. As described in Section 6.2, the magenir subject of this meeting was
the recruitment of a new superintendent for theenkeory and it was in this letter
that Lodge suggested that the possibility of depielp Kew into a national
laboratory would depend ‘on the kind of man theyyrdacide to go for'!’ In a
separate note to Galton, Lodge asserted that #aktoeappoint a new superintendent
presented ‘a fitting opportunity’ to move forwaitktidea of a national laborator?.
Thus Galton and Lodge between them used the vacdrigw as an opportunity to
advance the idea of making Kew the ‘nucleus’ cdrgér laboratory.

Schuster was the first to respond to Lodge’s tarcietter. Although he
thought that there was ‘little hope’ that the gawaent would right now do anything
so radical as fund a new laboratory to compare thighBerlin PTR, he believed that

the BAAS committee could certainly obtain part dfatit wanted ‘if the work of the

115 Moseley (1976), p. 44; Moseley (1978), pp. 224:24dker (1987), p. 139.

116 | odge to Francis Galton, 21 February 1893, TNAIRI0/1151F.

117 odge to BAAS Committee on National Physical Latory, 22 February 1893, TNA:BJ
1/210/1151F.

118 odge to Galton, 22 February 1893, TNA:BJ 1/216MA.
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Kew Observatory could be extended in certain dimaest. Schuster underlined
Lodge’s view that now was an ideal opportunity emsider whether to extend Kew
into a national laboratory. If the Kew Committerl chot act now, he said, the
movement for a national laboratory might not go vaingre for some tim&-®
Similarly, J. J. Thomson had ‘no hesitation’ in exiag that the prospects of
founding and running a national laboratory wergdretinder the Kew Committee
than under any other organisation he kriiv.Richard Glazebrook, Thomson's
deputy, agreed that the activities at Kew Obserydtaight form a nucleus around
which other investigations might centfé’. Thus although the four physicists who
responded to Lodge and wrote to Galton were noimigtic about government
funding for a PTR-like institution, they were canlg not pessimistic about the idea
of enlarging Kew to form a national laboratory.

The minutes of the 24 February Kew Committee megetnerely record that
Galton had communicated with members of the BAA&onal physical laboratory
committee as to whether they had taken into coraiide the existing laboratory
facilities at Kew. They also note the encouragmeglies from Lodge and the
others'?? No actions or agreement on this subject are decbin the minutes of this
or any subsequent meetings of the Kew Committeerbehe mid-1890s. The next
recorded discussion of the idea of a national @aydaboratory did not take place
until more than two years later. At the BAAS annoeeting in September 1895,
Francis Galton’s cousin, Douglas Galton, addreskedBAAS as President. His
speech included a survey of the assistance cwre@iten to British scientific
research, in which he noted that Kew Observatorgethout, on a small scale, part
of the work done by the PTR in Berlin, but thatfiigher development was ‘fettered

by want of funds’. He now suggested:-

There could scarcely be a more advantageous auditiothe assistance which
Government now gives to science than for it totalosubstantial sum to the
extension of the Kew Observatory, in order to depeit on the model of the
Reichsanstaft®

119 Schuster to Galton, 22 February 1893, TNA:BJ 1/21B1F.
120Thomson to Galton, 23 February 1893, TNA:BJ 1/21BAF.

121 Glazebrook to Galton, 23 February [1893], TNA:B21D/1151F.
122 KCM, 24 February 1893.

123 Galton, Douglas (1895a), p. 34.
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It is important to note that in this speech, Dosgl&alton was very conservative in
his views as to state support of science. Eari¢he speech he said that while the
expansion of scientific research meant that s@entioccasionally’ had to seek
government help, ‘it would be unfortunate if by aclyange $ic] voluntary effort
were fettered by State contréf? Galton still supported thkaissez-fairesystem.
Even if he was just saying this to please his anadighis use of such rhetoric only
emphasises the ideological environment in whichMas speaking. At the same
BAAS meeting, Douglas Galton also presented a pap&ection A (Mathematical
and Physical Science) about the PTR, in which heeapbthat Kew Observatory
‘appears to afford a nucleus which might be grdguaxtended into an
establishment analogous to the Reichsanstalt’ rgubie same language as that used
by Oliver Lodge and Richard Glazebrook in theirliepto Francis Galton in early
1893. Now, in his 1895 speech to Section A, Daai@alton urged that the BAAS
committee on the new laboratory be reconvened epdrt back to the 1896 BAAS
meeting on the work that such a laboratory wouldatd on how it should be
managed?®

The similarity of the language in Douglas Galtoh&95 speech on the PTR
suggests that it was almost certainly inspiredhigydorrespondence from Lodge and
others on the BAAS committee with Francis Galtoreanly 1893. Douglas Galton
had little direct connection with Kew ObservatorBy 1895 he was retired from a
distinguished career in civil engineering. He hmbugh, served as a secretary of
the BAAS since 1870, so would have been well infednabout Kew Observatory.
Yet probably crucial to his 1895 speeches was inestdfamily connection with Kew
through his cousin Francis. We have no recordadespondence on this issue
between the Galton cousins, but it is plausiblé Brancis suggested to his cousin
that the possibility was being mooted of turningwKeto a national laboratory.
That nothing further happened with regard to thé. MR the Kew Committee or the
BAAS committee for more than two years after Febyu893 makes it likely that
Francis Galton bided his time until his cousin lmeea@BAAS president before going
ahead with the issue. It is likely, too, that FiianGalton took the initiative in 1893
to develop Kew into a national laboratory becaussdw it as a way of securing the
observatory’s financial future. As discussed ira@tler 5 (Section 5.5) and Section

124 Galton, Douglas (1895a), p. 32.
125 Galton, Douglas (1895b), pp. 607-608.
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6.3 above, he had been instrumental in introduttiegesting of watches and clinical
thermometers at times when Kew needed the moneyw, N it were to be turned
into a general laboratory that did a full rangeestting and standardisation, including
work for the burgeoning electrical industry, po$sibacked up by government
grants, Kew potentially had a new and much morealiwe career.

At the September 1895 meeting the BAAS followedu@las Galton’s
suggestion and reconvened its committee on a ratiahoratory. This time it was
larger — fourteen members instead of ten in 18%nd was chaired by Douglas
Galton instead of Oliver Lodge (who remained a memb It now contained three
influential Kew Committee members: Foster, Ruckst &rancis Galton — a further
hint of a partnership between the Galton cousiWéien the committee reported back
a year later, it recommended the establishment whteonal laboratory supported
principally by the government. Importantly, it ety summarised the work

currently being carried out at Kew and noted that:-

The present work of the [Kew] Observatory is therefof a character which is
strictly consistent with a large portion of the wavhich would find a place in a
national physical laboratory®

Its members started a petition headed by a memonanbdat expressed the need to

found ‘a National Physical Laboratory’ similar teetBerlin PTR and that:-

The undersigned give their general approval to shheme for making Kew
Observatory the nucleus of such an Institution.

The memorandum ended by urging that the governrfirdtthe funds for the
foundation and maintenance of such an institutiorhe petition was eventually
signed by sixty prominent scientists, mainly phigs; including both Galton's’
Again, note the identical phraseology to the 188&espondence: Kew as ‘the
nucleus’ of a national physical laboratory.

Douglas Galton made the first move towards praésgrihe petition to the
government. The following month he sent the patitio the secretaries of the Royal

Society, along with a letter saying that the BAASn@&ral Committee had advised

126 Anon. (1896), p. 84.
127 Document headed ‘NATIONAL PHYSICAL LABORATORY.',relosed with Douglas
Galton to Secretaries of the Royal Society, 21 Bmtd 896, RS:MC/16/335.
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the Association’s Council to seek the approval haetp of the Royal Society and
other learned societies in impressing upon the mowent the importance of
enlarging Kew Observatory into a national physidaboratory!?®  Galton
strengthened his case with something that gavee#&ulusrgency to the whole
project: a proposal from the town of Richmond tquare part of the Old Deer Park,
the site of Kew Observatory, for civic purposeshigh would probably put an end’
to the idea of obtaining the land needed to enléngeobservatory into a physical
laboratory. He now asked Foster to put in handimiggng a deputation from the
Royal Society to the governmert. There was an unwritten implication here: no
land in the Old Deer Park meant that there couldd®&PL, because building a new
laboratory from scratch somewhere else would casthmmore, making it much
more difficult to convince the government to furgk tproject. We can see here a
further demonstration of the centrality of Kew Ofysgory to the NPL project. In an
age when it was still difficult to convince the goament to fund any new large-
scale expenditure on science, Britain’'s answeh@oRTR had to be ‘gradually’ built
by extending an existing institution, Kew Observgto

Just two days after Douglas Galton’s letters ® Rwoyal Society, his cousin
informed the Kew Committee of these moves. The Keemmittee passed a
resolution approving ‘generally’ of the idea of loing a national physical
laboratory connected with Kew and asked to be k#ptmed of what was proposed
to be done next in this regard. Francis Galtorclidui communicated the Kew
Committee’s approval back to the Royal Socfély. The Kew Committee’s
concurrence in the project is not surprising: of five members present at the
October 1896 meeting, four were signatories toBAAS petition of the previous
month. Moreover, the committee’s members had knallvabout the possibility of
turning Kew into a national physical laboratory ew@nce Francis Galton, as
Chairman, had informed them about it in Februar§318

Douglas Galton’s letter and enclosures were readtleanext Royal Society
Council meeting, on 5 November. The Council resdlto reply to Galton that they

were ‘wholly in sympathy’ with his proposal and gegting that the Royal Society

128 Douglas Galton to Secretaries of the Royal SocityOctober 1896, RS:MC/16/335.
129 Douglas Galton to Michael Foster, 21 October 188&,MC/16/334.

130 KCM, 23 October 1896: Francis Galton to Michaelstéo, 24 October 1896,
RS:MC/16/337.
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form a joint committee with the BAAS and other lead societies, ‘to consider the
matter, and to take such action as they may firsitaale’. At the same meeting the
Council nominated Joseph Lister (President of tbgaRSociety), William Thomson
(now Lord Kelvin), Lord Rayleigh, Arthur Ricker arktancis Galton to serve on
this joint committeé3! The joint committee formed a 28-strong deputatioat
visited the Prime Minister, Lord Salisbury, on 16bFuary 1897. In addition to
many leading physicists, the deputation includezl chemist William Ramsay and
engineers such as William Ayrton and William Preeé@n 3 August the Treasury
agreed to set up a government committee with d loeconsider and report upon
the desirability of establishing a National Phykitaboratory’ for standardising
scientific instruments, for establishing and presgy measurement standards and for
determining physical constants and data for sciamckindustry. The Treasury also
requested the committee ‘to report whether the wafrksuch an institution, if
established, could be associated with any testingtandardizing work already
performed wholly or partly at the public cost’ — amdirect reference to Kew
Observatory as well as the Board of Trade’s eleatstandards laboratoty?

The committee was chaired by Lord Rayleigh; Mogdias speculated that
Rayleigh’s class connections in the government thukrBalfour, the First Lord of
the Treasury, was Rayleigh’s brother-in-law — mightve helped the proposal gain
support in government circléd® Two of its other members, Courtenay Boyle of the
Board of Trade and Robert Chalmers of the Treaswere senior government
officials. The others — Andrew Noble, John WolfarB/, Roberts-Austen, Arthur
Rucker, Alexander Siemens and Thomas Thorpe — gresented science,
engineering and industry. Rucker was the sole neenolb the Kew Committee
represented. As with the Devonshire Commissiontaedcommission of 1877 on
the Meteorological Office, the committee’s hearingsre somewhat internal, as
many of the witnesses from whom it heard evidenahé ensuing months had been
on the BAAS committee that had advocated a natitaiedratory in the first place,
or had at least been associated with it: they aealuboth Galtons, Oliver Lodge and
Richard Glazebrook. Importantly, four of the wises — Francis Galton, Robert

Scott, George Carey Foster and Richard Strachegre Wew Committee members.

131 RS:CM, 5 November 1896.
132 Anon. (1898a), p. iii.
133 Moseley (1976), p. 58.
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The government committee also interviewed Charleee€ the superintendent at
Kew.13*

The Treasury published its report on 6 July 1898e report recommended
that ‘a public institution’ for standardising instnents, testing materials and
determining constants ‘should be established bgrelihg the Kew Observatory in
the Old Deer Park, Richmond’. The report specifiieat the existing buildings at
Kew should be improved and new buildings erectdds@me distance from the
present Observatory®® It is striking how the idea — the very phrase £ o
establishing a national laboratory by ‘extending Kew Observatory’ had emerged
from the government’s report unchanged since thialicorrespondence in the early
1890s. We have seen how, in his letter to Fra@eibon in February 1893, Arthur
Schuster had suggested that such a laboratory ¢t®uktarted ‘if the work of the
Kew Observatory could be extended in certain dimest. The same language
appears in Douglas Galton’s 1895 presidential addi@ the BAAS, in which he had
called for ‘the extension of the Kew Observatory’.

Three months later, the Treasury informed the R®&@ciety that the
government was prepared to adopt the report’s rewmdations. The government
offered to pay £12,000 for new buildings on the Okkr Park site in addition to the
existing Kew Observatory, plus a grant-in-aid of 0 per annum ‘for 5 years
certain’. Otherwise, the government stipulated th& existing Gassiot Trust of
around £470 per annum should contribute towardsnine laboratory’s running
costs and it followed the report's recommendatibat tthe standardisation and
testing work undertaken should be self-supportmgugh fees — exactly as had been
the case at Kew since the 1870s. The Treasury meammended, in view of the
new large endowment of £4,000 per annum, that 4@€ £urrently being paid each
year to Kew Observatory by the Meteorological Calusicould now be stoppéeld®
This latter recommendation annoyed members of thygaRSociety Council, who
objected to it in the Royal Society’s official rggb the Treasury on 28 November,

134 Anon. (1898b), pp. iii-iv.
135 Anon. (1898a), p. 6.
136 E W Hamilton to [Lord Rayleigh], 7 October 1898\A:BJ 1/213/1327.
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pointing out that in return for the annual £400wKprovided services which the
government would have to pay for if they were @atout somewhere el$¥.

In all other respects, the Royal Society Coundiswhappy to accept the
government’s offer. In their official reply to thEreasury, the Council members
confessed that they ‘cannot conceal from themsethas the money offered was
less than they had hoped for, but said that adNile was to be in the form of ‘an
extension of the Kew Observatory’ (once again, ldrguage of ‘extension’), the
money would ‘greatly increase the utility and rammje¢he work there done’. They
declared themselves willing, in principle, to adcéipe government’'s offer and
informed the Treasury that the Royal Society hagbaged a committee to discuss
the details of the new laboratory with the Treasdfy The proponents of the NPL
knew, as they had known since the early 1890s, dhaiodest extension of Kew
Observatory was the best that they could hopenfdhé circumstances — indeed, it
was all that the BAAS committee had applied foheTartillery expert Sir Andrew
Noble likely spoke for many when he recommendeckpiicg the government’s
offer, in the hope that once the NPL had proverutitity’, ‘a future Chancellor of
the Exchequer may see his way to be a little mibegal’ 13°

The committee of seven appointed by the Royale&dp&ouncil to negotiate
with the Treasury included two Kew Committee mersbéiicker and Adam4®
Early in 1899 its members drew up a ‘Scheme of Gmgdion’ detailing how the
NPL was to be managed. The NPL was to be run dayato-day basis by an
Executive Committee, whose 23 members were to septe industry and
engineering as well as physics; a similar balanfcenembers was to make up a
‘General Board’ that would provide overall directioSix members of the Executive
Committee were to be from the ‘members of the Keve&vatory Committee at the
time when the Kew Observatory is incorporated itk National Physical
Laboratory’. Two of these Kew Committee membersewto retire from the

Executive Committee every two years and the vaeanttiereby left would not be

137 M Foster and A W Riicker, Secretaries of RS, tae8ary to HM Treasury, 28 November
1898, RS:MS/538.
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committee that reported on the NPL in July 1898.
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filled up!*' Thus the committee that had run Kew Observatoryhlf a century
was absorbed into — and ultimately dissipated bthe- NPL, which the Kew
Committee had done so much to give birth to. Thamgy remained the legal
formality of winding up the Kew Committee itselfs @his had been incorporated
under the Companies Act in 1893. This procedurs weerseen by the Royal
Society’s Treasurer, Alfred Bray Kempe, a Cambridgghematician who became a
barrister and put his legal and financial acumenthe benefit of the Royal
Society’*? The Kew Committee was wound up at two extraomjingeneral
meetings, held on 10 November and 1 December 189%roperty and assets were
transferred to the Royal Sociefty.

No member of the Kew staff was made redundant #dfie NPL formally
took charge of Kew on 1 January 1900: the NPL'suahmeport for 1901 records
practically the same number of staff at Kew asdhed been during the last years of
the Kew Committeé** In the event, however, Charles Chree did not imeco
director of the new NPL — even though, as discugsé&iction 6.2, he seems to have
been chosen as superintendent in 1893 partly \ehpbssibility in mind that his
role might develop into the directorship of a largeganisation. The Executive
Committee instead chose Richard Glazebrook, ontheoimembers of the original
BAAS committee on a national laboratory and Assitsfairector of the Cavendish
Laboratory. We do not know why Glazebrook was enos The minutes of the
Executive Committee record that each of the mempegsent at its first meeting in
May 1899 suggested a nadfé. By mid-June, this list had been shortlisted to tw
names, neither of them specifitd. The earliest official record that we have of
Glazebrook being chosen is in the Executive Conemithinutes of 5 July 1899,
though as early as 7 June Courtenay Boyle wrotaally to Ricker that ‘I doubt if
we can give Glazebrook [£]1400 — at any rate Ikhire must use all our efforts to

find some other solution first?” Thus just one month after the Executive

141 ‘NATIONAL PHYSICAL LABORATORY. Draft Scheme of Qyanization. Revised at
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Committee came into existence, Glazebrook was #weured candidate. That
Glazebrook was chosen instead of Chree might veasletbeen due to the influence
of former Cavendish Laboratory director Lord Ragtei who was now vice-
chairman of the NPL Executive Committee. Glazekré@ad been Rayleigh’'s
preferred candidate to succeed him to the headsltipe Cavendish in 1884; to the
frustration of both, J. J. Thomson was appoiitéd Rayleigh would likely have
wanted to see ‘his’ man become director of the natonal laboratory. Glazebrook
also had much more administrative and financiakeepce than Chree: from 1891,
Glazebrook had been assistant director of the Ghsierand in 1895 he became
bursar of Trinity College, one of Cambridge’s whadst colleges*®

In November 1899 the Kew Committee, in one of fitsal meetings,
authorised the NPL Executive Committee to convedamn on the first floor of the
observatory into accommodation for Glazebrétk.In February 1900 the Royal
Society Council accepted the Office of Woods’s ofié a fifteen-acre plot in the
Old Deer Park for the use of the National Physlieddoratory®! All seemed set for
work to begin on new buildings on the Old Deer Psitk. Glazebrook did briefly
operate from the Kew Observatory site: some ofhidiest letters as director of the
NPL bear the same address as Kew Observéatbrin the spring of 1900, however,
some influential local residents had objectionssadi in Parliament about the
disruption that the new buildings might cad3®.As noted in Section 6.3, the Old
Deer Park was becoming encroached by London’s eXpgrsuburbs and transport
network as the nineteenth century drew to a closethe same time, it was being
increasingly used as a semi-rural location foruegspursuits, notably by the Mid-
Surrey Golf Club. It is easy to see why many lopabple would have been
perturbed by the plans to build a complex of buadgi here, one of which was to
house a turbine to generate electricity for the mevoratory. Over the following
months these objections became serious enoughdogdvernment to reconsider
using the Old Deer Park as a site. By late Octtbergovernment ‘felt bound to

consider whether any alternative site could be regcwhich would be reasonably
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satisfactory for the purposes of the Laboratdr§’. On 24 October the NPL
Executive Committee considered the government'sra#f such an alternative site:
Bushy House in Teddington, Middlesex, which wasvemmently accessible to the
west of London, like Kew. Ironically, Bushy Hous@as now in a similar situation
to the Kew building in 1841: it was Crown propertgpst recently leased to the
exiled French royal family, yet had been lying wdisince 1897. The Executive
Committee considered that ‘a reasonably satisfgctdPL could be built around

Bushy House and did not recommend that the Royeile8ooppose the Treasury’s
changed offer. Two months later, the Treasury agan made a formal offer of a
site, this time Bushy House and its groufds.

During the course of 1901, the interior of Bushgude was converted into
laboratories and part of one floor became Glazdtsomew accommodation. The
NPL staff moved from Kew to Teddington in Septemb@011°¢ though the testing
of meteorological instruments, clinical thermomstevatches and chronometers, as
well as the meteorological observations, remainédKew until 1910, when
responsibility for the observatory passed to thaddmlogical Office (see Chapter
7). From 1900, Kew was formally known as the ‘Qlatory Department’ of the
NPL. When the NPL at Teddington was formally omkhg the Prince of Wales
(later King George V) in March 1902, Kew's signditce had shrunk: it was now
just an outlying department of a much larger orgaiion, located some miles away
from the NPL’s main site and its annual reportsabee a small part of the much

larger annual reports of the NPL.

6.5 Conclusion

In his 1909 autobiography, Francis Galton devotasutone-third of a chapter to
Kew Observatory and his relations with it. Yetdlesses over the role of Kew in
the origins of the National Physical Laboratoryhnat few brief sentences that could
have been derived from the published sources dlaik the time. Kew, according

to Galton:-
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was wholly unequal in its scale to the rapidly gimmywequirements of the day. This
feeling found expression in the Anniversary Addrasshe British Association in
1895, by my cousin Sir Douglas Galton; powerful mup was given to his
suggestions and efforts, and finally the Kew Corteritwas merged into the much
larger and more important National Physical Obderya [sic], under the
directorship of Mr. Glazebrook, which swallowedaasingle gulp the whole of our
thrifty savingst®’

Galton might have been motivated by feelings opees towards his cousin, who
had died in 1899. But crucially for historianss lilummary perpetuates the myth
that Kew Observatory was just a convenient firs¢ $or the NPL, or at most a
Victorian precursor that did some of its work osmaall scale and had little relation
to the twentieth-century NPL. Indeed, it is poksithat Galton’s widely-read
memoirs helped to create the myth. More than tecades later, during a lecture to
the NPL, Richard Glazebrook claimed that in thetmall climate of the 1890s, it
‘seemed impossible’ to obtain government fundingadmational laboratory and that
the BAAS committee appointed after Lodge’s 1891espe’lapsed without taking
further practical actiont>® As we have seen, this story of the laboratoryndei
dismissed as a lost cause in the early 1890s, Wuiiglas Galton’s happy
intervention propelled the government into at lpsbviding state support for a
national laboratory, has largely been followed &tet historians. Both Glazebrook’s
and Francis Galton’s reminiscences marginalisedhe of Kew Observatory in the
birth of the NPL.

It is clear from this chapter that, far from Kewig merely incidental to the
inevitable rise of the NPL, Kew was central, intfassential, to the NPL'’s origins.
For in the political climate of the 1890s, the NRight never have become a reality
without it being first presented to government aseatension of the existing Kew
Observatory. It is fair to say also that the Kewn@nittee was instrumental in
giving birth to the NPL. The Kew Committee was onjant not only in the behind-
the-scenes moves from the early 1890s onwardstable$h a national laboratory,
but also in changing the nature of Kew Observaiissif so that it in many ways it
came to resemble the proposed laboratory and eh#i#e1896 BAAS report on the

proposal to comment accurately that the work at Keag ‘of a character which is

157 Galton (1909), p. 228.
158 Glazebrook (1933), p. 3.
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strictly consistent with a large portion of the wowrhich would find a place in a
national physical laboratory®® This was dramatically symbolised by the instigati
in the mid-1890s of research into platinum thermiamse and high-temperature
thermometry more generally, so that by 1896 an fimalff NPL thermometry
department existed several years before the inatigarof the NPL itself.

Kew did some important research in geomagnetisthraeteorology in the
years after 1885, but neither the Kew Committeethersuperintendent directed that
research in the way that they had done under thaSBBAGone were the days when
Kew led the way in Balfour Stewart’s all-embracingpsmical physics’, that
encompassed geomagnetism, meteorology and sunspatssingle theory of the
universe. Research in these areas at Kew wadyaigee in the service of other
institutions. Meteorological observations wereriear out for the Meteorological
Office, the BAAS and university-based physicistdagnetic work very often took
the form of contributions to magnetic surveys diedc from universities, or
otherwise testing instruments and training scienticom elsewhere in the use of
those instruments. Charles Chree’s own reseatohtemrestrial magnetic variations
was important, and ultimately a vindication of Sed¥ discovery of the correlation
between the sunspot cycle and terrestrial magnetsinit was the work of a lone
scholar and not the director of a revived Magn€tigsade.

By the early 1890s, therefore, Kew Observatory vweasn more of a
laboratory of service than it had been in 1885wdst also effectively a business, as
symbolised by its seal of incorporation under tr@en@anies Act. In its everyday
running it was largely self-supporting — just as #arly NPL was expected to be.
Finance remained the main motive for the growinggpemme of standardisation
work, already Kew’'s most important source of incoine 1885. Not only the
amount but the range of instruments tested at Kereased enormously over the
next fifteen years, so that by 1900 Kew was alreadgentral standardisation
laboratory, whose monogram and certificates leadisgjument makers were proud
to display on their wares. Although some standatthn work was done elsewhere
— at the Cavendish Laboratory and the Board of &sastandards department — the
standardisation service at Kew was the largestraast comprehensive. Some of
this expansion of the Kew standardisation programwas, as we have seen, in

19BAAS:AR, 1896, p. 84.
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response to external demand, but the work’s patent earn the observatory
lucrative income meant that the Kew Committee seldwesitated to meet that
demand.

This increased emphasis on standardisation méeantittwas an easy step
from Oliver Lodge’s 1891 speech on the need foat@onal laboratory to the idea
first mooted privately in 1893 of making Kew theutteus’ of such a laboratory,
especially when the political climate of the 18%@suld have made it difficult to
approach the government for a laboratory from shratt is clear from the narrative
of the early moves to establish a national phydaiabratory that these were largely
internal to the Kew Committee. The discourse ovKas a ‘nucleus’ of a larger
laboratory can be traced from the corresponden@andy 1893 through to Douglas
Galton’s 1895 speech and the proposal to apprdaehgbvernment a year later.
That of the NPL as an ‘extension’ of Kew runs wsimilar consistency from 1893
right through to the Treasury report of 1898 recanding the establishment of a
national physical laboratory. The NPL might hawmained quite literally an
extension of the Kew Observatory buildings, hadat been for local objections to
the proposed new buildings in the Old Deer Park900, by which time the NPL
was already in existence at Kew.

Therefore the NPL was neither established nor&ord as a new laboratory
from the bottom upwards, backed by generous stgipost like the PTR. Rather, it
grew out of an existing institution in which theexdeto make money constrained it
into becoming a laboratory of service that caroeetl an important part of the work
that would be done at the NPL. This ‘extensionKefnv Observatory into the NPL,
largely directed by members of the Kew Committeaswhus very much a part of
thelaissez-faireworld of the 1890s and not that of twentieth-ceptstate-supported
science. As | will discuss in my concluding chaptbis narrative is consistent with
the whole history of Kew Observatory, which proade major case study in the

patronage of science throughout practically thelesMictorian era.



Table 6.1 — Kew Instrument Verifications, 1886-1900

1886 1887 1888 1889 1890 1891 1892 1893 1894 1895896 1 1897 1898 1899 1900

Met. thermometers 1320 1370 1074 1910 4901 2289 1875 2246 3225 2647098 4 2874 3296 2892 2786
Clinical thermometers 9054 8668 10442 10116 12536 15692 16850 14682 15588699 13772 17270 17962 16020 20476
Deep-sea thermometers 32 35 77 100 40 58 31 69 35 125 74 119 79 19 83
Total thermometers 11490 12989 13502 12805 18125 18600 19018 17260 9519019767 18170 20523 21603 19244 23547
% clinical 79 67 77 79 69 84 89 85 82 84 76 84 83 83 87
Barometers 247 202 279 232 268 279 227 237 245 494 309 375 404367 416
Sextants 139 145 157 292 346 428 463 517 461 532 591 694 750876 813
Telescopes 0 0 0 99 152 374 487 913 249 456 546 707 681 561 4513
Binoculars 0 0 0 341 336 470 168 466 417 376 455 661 374 404 63 9
Camera lenses 0 0 0 0 0 19 18 31 27 14 14 10 13 160 136
Watches 490 510 639 528 513 709 1044 1521 737 746 583 680 83 4 469 403
Marine chronometefs 17 14 12 10 3 18 19 40* 21 58 61 65 70 56 53

Income from stdsn. (£) 1072 1229 1422 1327 1597 1629 1857 1865 1944 2004996 1 2309 2196 2176 2550

Total income (£) 3097 3621 3790 3546 3467 3912 3848 3485 4173 4377507 3 3848 4226 4394 8294
% total income 35 34 38 37 46 42 48 54 47 46 57 60 52 50 31
Income from Gassiot 490 490 493 488 488 488 488 486 484 485 445 459 458456 454

See page 254 for notes.

€a¢



Notes to Table 6.1

* 30 of these chronometers were tested for thafltajovernment.

Y Including aneroids.? Not including those for Portuguese government4189

Total thermometers does not include deep-sea threaters.

Income from verifications includes that from ratioigwatches and chronometers.

Data from Reports of the Kew CommitteeHroc. Roy. Soc. Lond1886-1900.

124514
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Chapter 7

Conclusion

The recording instruments [at Kew] designed byn@té and Beckley have been in
operation for nearly 70 years and in one way aratheen have played their part in
teaching us about our climate. Long may they comtithe good work.

F J W Whipple, 1937

Regular photographs of the sun would be — if ahly practical problems could be
solved — a quick means of building up an impersoaabrd of sunspot numbers and
distribution. These problems were first solvedhat Kew Observatory, which the
British Association for the Advancement of Sciesapported near London.

Karl Hufbauer, 1991

7.1 Introduction

The first quotation above is the concluding parpgraf a presidential address given
to the Royal Meteorological Society by Francis JoMelsh Whipple, Charles

Chree’s successor as superintendent of Kew Obseyvallo the historian, it offers

an early illustration of how in the twentieth cemytu Kew Observatory was

consecrated as a holy place for meteorologistsrevtiee good work’ begun in the

nineteenth century was carried on. The addresss liba generic title of ‘Some

aspects of the early history of Kew Observatorgt, gerhaps naturally in a lecture to
Britain’s professional body of meteorologists, Whig deals exclusively with the

meteorological observations and instruments at Keaking no mention of the

geomagnetic, solar and standardisation work that 8@ important there in the

nineteenth century. On the other hand, the seepigtaph, from a modern history
of solar astronomy, mentions Kew only for its eatbntribution to solar physics,

without acknowledging that solar photography wasd pne activity among many at
Kew in the nineteenth century. Taken togethersehigvo quotations dramatically
illustrate a fundamental problem with the existlitgrature on Kew Observatory,

already alluded to in Chapter 1: that Kew Obsenmyab@as meant different things to

! Whipple (1937), p. 135.
2 Hufbauer (1991), p. 49.
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people working in different branches of scienceo tfie meteorologist, it was a
pioneering meteorological observatory; to the asinoer, it was an early centre for
solar physics. This multiplicity of meanings of W&bservatory may do much to
explain why, so far, there has been no seriousnattéo understand th&hole of its
work in the Victorian era. In this thesis | hawtempted to do just that by writing its
history as an institution, not just isolated aspedit its work. In this concluding
chapter, after briefly summarising the post-190fidry of Kew Observatory and its
significance for the historian, | return to thegrgreat questions outlined in Chapter
1 and show how the findings presented in Chapteis @ have helped to answer
them. | will conclude with some ideas for furthessearch that | believe these

findings have suggested.

7.2 The twentieth-century legacy

The operation of Kew Observatory continued reldyivenchanged throughout the
first decade of the twentieth century. As the ‘@batory Department’ of the
National Physical Laboratory, Kew continued to iestruments; it also acted as the
‘central observatory’ for the Meteorological Offida the sense that it standardised
instruments to be used at the Office’s other statacross Britain and Ireland. Then,
in January 1910, negotiations between the NPL Mb&orological Office and the
Treasury resulted in a decision to transfer regpditg for running Kew
Observatory to the Meteorological Office and thhé tinstrument-testing work
should go to the NPL’s main site at Teddington.e NPL’s Annual Report for 1910
gives no reasons for this deciston.However, in 1900 Cavendish Laboratory
physicist (and Kew Committee member) William Nap®haw had succeeded
Robert Scott as director of the Meteorological €dfi Shaw would likely have
appreciated being able to deal with Kew Observatimgctly and not having to go
through the NPL’s administrative machinery, as Mhatt Walker has hintetl. NPL
director Richard Glazebrook, for his part, would/éavelcomed the saving in costs
that relinquishing Kew would have offered to theeeeash-strapped NPL: to him,
Kew would probably have seemed an expensive, estiasite, now that the NPL
was firmly established at Teddington. The decisiwight well have been helped

3 National Physical Laboratory (1910), pp. 4-5; Walk2012), pp. 171-172.
4Walker (2012), pp. 171-172.
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along by the fact that Glazebrook and Shaw werefridthds. Both had had long
careers at the Cavendish Laboratory prior to 19@Dthey were the joint authors of
Practical Physics a popular textbook for students in laboratory by, first
published in 1884.

With the removal of standardisation to Teddingtklew became a purely
meteorological observatory, especially after thet tf the geomagnetic instruments
were transferred to Eskdalemuir, far from any ife@ng trams and railway lines, in
the mid-1920s. For the first time in its histoljgew Observatory specialised in just
one science: even during the reign of George llbthbastronomical and
meteorological measurements had been carried oleat. Some important
research was done at Kew in the twentieth centungluding innovative
measurements of air pollution and pioneer work wittliosonde balloorfs. A full
history of the activities at Kew after 1900 remaiasbe written. Yet, as had
happened with the magnetic and meteorological Vi the mid-1870s onwards,
these researches were not directed from Kew, huiedaout there on behalf of a
client elsewhere. No longer was the research at #ieected by a Kew Committee
composed of private gentlemen, scientific serviaenaed, later on, university
physicists. As early as 1920, the young meteorsidg J. Scrase noted a faded
elegance about the building: ‘the place had moeeaih of a rather musty museum
with a large number of instruments of historic iest...’” Kew was no longer a
centre from which research was directed, the wamadt been in the middle decades
of the nineteenth century, nor a central testirdgpidatory, as it had been until the
early 1900s. The observatory’s reduced prestilyes its specialisation in just one
branch of science, meant that it was much lesspeglisable than it had been before
1910 and hence much more vulnerable to closure Wwh&880, Margaret Thatcher’s
government introduced severe funding cutbacks. Nib&orological Office made
the decision to close Kew Observatory, which ceagetations as a meteorological
observatory at the end of 1980.

5> Schaffer (1992), p. 37; Kim (1995), pp. 204-205.

6 Harrison (1969); Scrase (1969), p. 183.

" Scrase (1969), p. 180.

8 Walker (2012), pp. 398-400; Galvin (2003), p. 48Bhe observatory building remained
Crown property. Until 2011, it was leased to avgie company and used as an office
building. At the time of writing (2015) it is empéand in the hands of a property developer.
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The memory of some aspects of Kew Observatorpénnineteenth century
lived on into the twentieth. The middle names oarfeis John Welsh Whipple
clearly recall John Welsh, superintendent from 1862859. Francis’ older brother,
Robert Stewart Whipple, had a middle name recalvelsh’s successor, Balfour
Stewart. The memory was also preserved in watobasng ‘Kew Observatory’ test
certificates, still sought after by antiques cdites even today (see Chapter 6,
Section 6.3). Apart from watches, however, thabdygf Kew Observatory today is
often one of either meteorology only or solar astray only, as discussed above.
With the institutional history presented in thigsis, | have attempted to correct this
fragmented view of the history of Kew Observatoryn the next section, |
summarise my findings by returning to the threedamental questions posed in
Chapter 1.

7.3 Research questions
1) What can the history of Kew Observatory telabsut how the physical sciences
were organised in the Victorian era?
In Chapter 1, I divided this question into threb-suestions. How were the physical
sciences funded? How were they managed? What éinpgeople did them?
Through the history of Kew Observatory we can des there were some clear
changes in the patronage of science between 18401800, yet the story also
highlights an important similarity between the earand the later part of the period.
In Chapter 2 | have argued that it was Edward Sahiho steered the project of a
magnetic and meteorological observatory towards phigately-funded British
Association for the Advancement of Science. Aig&ute moves in 1840 — among
them his stated wish to reduce the strain on thH#igppurse — diverted what little
government funding there was for geomagnetism arneteonology towards
Greenwich, but that did not stop Sabine from eghirlg a scaled-down project at
Kew with private funds. Thus in the 1840s, one mauald manipulate the Royal
Society and the BAAS towards establishing an olaery, even with no
government funding.

It is easy to think of the Royal Society Governtm@nant, introduced in 1850
by Lord Russell's government, as heralding thetstéra new era in organised

science. As described in Chapter 3, even someggdraries thought that it might
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be used to support the running of Kew Observatdfgt it is debatable whether the
grant in itself saved Kew from the attempts by B#AS in the late 1840s to close it
down. The government intended the money for ofepobjects by private
individuals and not as an annually-renewable gi@amtin larger institutions. Sabine
and the Kew Committee were successful in obtai@ogernment Grant money, but
only for individual projects. The Kew Committeetained as much money from
other sources, such as the Royal Society’s prilaieation Fund, as it did from
government. The saving of Kew Observatory fronsate almost certainly owes
more to the astuteness of Sabine and the initi@ivle businessman John Gassiot
to commence instrument tests at Kew in return é@sf This standardisation work
was vital to keeping Kew running, not only througk income it generated, but also
because it made the case for closing down the wliteey much harder to make —
especially when the East India Company and theigteorological Department of
the Board of Trade created a demand for large ntsrdfestandardised instruments.

It could be argued that Kew was saved by the gowent in the 1850s,
thanks to this demand from government departmen¥et it is important to
remember that Kew remained independent of govertimis largest single source
of income up to 1871 was the annual BAAS grantalso did lucrative work for
private individuals, instrument makers and foreggvernments. Although the Kew
Observatory of the late 1850s was no longer egtidgdpendent on gentlemanly
patronage, it was still a mostly privately-fundegianisation. The successful 1860
expedition to Spain to photograph a solar eclighgcussed in Chapter 4, tells a
similar story: government support was largely restd to the loan of a ship, while
equipment and personnel were largely paid for tlaar wealthy businessman and
devotee of science, Warren De La Rue. Similatpding for solar photography at
Kew was entirely independent of government: itsrsesi were the BAAS, the Royal
Society and, again, De La Rue, who often paid &sgss out of his own pocket.

The transfer of Kew Observatory from the BAAS ke tRoyal Society in
1871 accelerated a trend that began in the 18B@sliservatory became ever more
dependent on standardisation for income. Gentlgnpaironage, in the form of the
Gassiot Trust, proved to be insufficient, espegiafter the Trust’s revenues dropped
in the mid-1870s. So too was the even more paltayt from the Meteorological
Office: even as the Office’s ‘central observatogew was little more dependent on

government than before. As shown in Chapter 3hbytime Robert Scott wrote his
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oft-cited 1885 history of Kew Observatory, standsation was much the largest
source of the observatory’s income. This trendtiooed after 1885. Thus by the
time of Oliver Lodge’s 1891 speech calling for atioal laboratory like the
prestigious new Physikalisch-Technische ReichstnstBerlin, Kew was already a
laboratory of service and no longer the experimeolgervatory that it had been
under the BAAS. When the BAAS committee appoirttediscuss the possibility of
establishing the new laboratory was confronted wittack of government support
for a PTR-like institute, it was therefore an eastgp for the committee to
recommend a simple expansion of Kew Observatoripgus as the ‘nucleus’ of a
larger laboratory. Thus the origins of the NPLHiight an important similarity
between the 1840s and the 1890s with regard torgowent patronage of science.
The NPL came into existence in the way it did du¢he sheelack of government
funding — in a similar way to that in the 1840s,which, as described above, the
BAAS came to set up a scaled-down meteorologicaentatory, independent of
government. The NPL was as much a productlaidsez-faire as the Kew
Observatory of the 1840s and 1850s, not a bold departure by government.
Exploring the NPL'’s origins through the evolutiohkeew Observatory allows us to
see more clearly the continuing importance laissez-fairein the patronage of
science throughout the Victorian era.

The most striking change in the management of K#servatory over the
1840-1900 period is the gradual replacement of deatlemen scientists who
dominated the Kew Committee until the 1870s withversity physicists, reflecting
a change that took place in the overall managemietite physical sciences in the
Victorian era. The university physicists came it@ct much of the research agenda,
especially with regard to magnetic surveys andrumsént standardisation. The
scientific servicemen remained well-representedtlen Kew Committee after the
1870s, though none was ever as powerful as Salbiogever, aristocrats and other
independent men of wealth and influence remaingubrtant in seeking patronage
for science at Kew, as they did in government. néisa Galton, the last of the
gentlemen scientists on the Kew Committee, remaitsechairman right up to 1899
and was vital in the initial liaison between the 8% and the Kew Committee that
made the first move to turn Kew into a nationalolaory. The 1897 deputation to
Lord Salisbury that lobbied for the new laboratomas largely composed of

university physicists and engineers, yet it was bgdLord Rayleigh, a hereditary
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peer as well as a physicist. Moreover, as Magratid Moseley have noted, the
First Lord of the Treasury, Arthur Balfour, was Ragh’s brother-in-law’. Indeed,
this deputation bears a striking resemblance tad#patation to Lord Melbourne in
1840 that lobbied for a physical observatory (Caagt Section 2.3): in both cases,
well-connected, wealthy men of science negotiatesttly with aristocratic political
leaders.

Some important changes in the kind of people widosdience at Kew took
place between 1840 and 1900. Kew Observatoryss Superintendent after 1842
was a gentleman volunteer, Francis Ronalds. Adl sbhperintendents from 1852
onwards were paid employees of the Kew Committ@kthese, all (except, as far as
is known, Samuel Jeffery, who served as superiet@nfiom 1871 to 1876) had
received a university training in the physical sces. John Welsh and Balfour
Stewart had both studied at Edinburgh under JarodseB, but by the end of the
century, the postholder of superintendent hadfareifit background. Charles Chree,
although a Scot, had studied at the Cavendish b#dnyrin Cambridge, by then a
major training ground for physicists. We need #&dautious, however, in reading
the appointment of Chree as indicative of the supiey of the Cavendish at the end
of the nineteenth century. Of the four candidatesrtlisted for interview in 1893,
only two were from the Cavendish. Chree’s appointment perhaps tells us more
about the relative decline of the Edinburgh natytalosophical tradition and the
larger number of university physics departments seathing laboratories by the
1890s. Edinburgh now had competition from manyepthniversities. The high
standard of applicants — one of whom was alread$ FRalso tells us something
about the prestige of Kew Observatory itself. Tdwmmpetition for the Kew
superintendentship in 1893 was as fierce as that fmiversity post at the tinté.

As described in Chapter 6, the scientific quadifions of the assistants at
Kew became more formalised towards the end of &mucy. No longer were the
instrument readings being taken by a former setgeam Sabine’s army regiment,
as had been the case in the 1840s. Even the ‘lsoigst had to have formal

examination qualifications. Yet right to 1900 thssistants remained chronically

® Magnello (2000), p. 18; Moseley (1976), p. 55.

10 Hughes (2005), esp. pp. 299-300, has pointedeaitihness of physics teaching in the
London colleges and elsewhere at the beginningeofwentieth century, in contrast with the
received view of the primacy of the Cavendish Lakany.

1 Hughes (2005), esp. pp. 271-272.
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low-paid, compared to their counterparts at Greehwi This was a further
continuity between Kew and the NPL: in the NPL'glgayears, well-qualified
university physicists worked for salaries no bettem those of the senior assistants
at Kew!? The cheapest — and most piecemeal — assistaralé wés provided by
women, such as Elizabeth Beckley, who took therguftetographs and helped to
analyse the results. This study has suggestedjtbater consideration needs to be
given to the roles of lesser-known people in sdienpractice. As the work of
Elizabeth Beckley and John Welsh demonstrates, teenéh-century scientific
institutions, instruments and discoveries werestaightforward realisations of the
ideas of major figures like John Herschel. Theyenauch more complex and often
reflected the social structure of Victorian Englamdwhich credit often went to the
grander figures at the expense of the lesser-krowes.

2) How did the ‘observatory sciences’ at Kew depebver the course of the
nineteenth century?

Until the early 1870s, the observatory scienceew showed a trend towards
diversification. Geomagnetism, standardisation aathr physics were gradually
added to the initial agenda of meteorology and apheric electricity. Astronomy
was not central to Kew Observatory after 1842, wlag it was at Greenwich, the
university observatories and the numerous privéiservatories operated by self-
funded men of science. The closest it came togbeamtral was in the late 1860s,
when Balfour Stewart’s theory-driven solar physiEcame key to his ‘cosmical
physics’ that connected solar activity with termestmagnetism and meteorology via
the putative all-pervading ether. Yet as | havewshin Chapter 4, this cosmical
physics was frustrated partly by Sabine’s insistetiat Stewart devote his time to
magnetic and meteorological data collection and dly the vastly increased
workload at Kew when it became the central obseryatof the reformed
Meteorological Department, known from 1867 as thetédrological Office — the
only part of the regime at Kew that could be calttd work of a government

observatory.

12 Moseley (1978), pp. 237-238.
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With this multiplicity of activities, the diversdation of the observatory
sciences at Kew reached its peak in the late 18@0ter 1871, the transfer of the
observatory to the Royal Society and the conseqgiaeht of money reversed this
trend by forcing Kew to become more specialisealaiSphysics at Kew all but
disappeared. Kew remained the Meteorological @#icentral observatory, which
standardised the instruments for the Office’s otiteervatories, but from 1876 it no
longer directed the observations. From then onsvaite balance of power in this
regard lay firmly with the Meteorological Office,sashown in Chapter 5.
Geomagnetism remained important at Kew, which wesduas a base station for
magnetic surveys and was still a place where atbservatories — overseas as well
as British — sent their instruments to be testedl their personnel to be trained in
their use. Yet as with meteorology, Kew no lonigerthe work, which increasingly
came to be directed by university physicists. Asussed above, Kew came to rely
on the income from standardisation, which becamesjteciality. The worse the
financial situation became at Kew, the greaterimge of instruments that began to
be standardised there. Prominent among the liststfuments tested at Kew in the
last three decades of the nineteenth century wareat thermometers, instruments
quite unconnected with the observatory sciencéeti practised at Kew, yet which
brought in essential income thanks to the lucratmeglical instrument trade.

This move towards specialisation at Kew in thé ¢pgrter of the nineteenth
century mirrored a trend that also occurred atGheenwich and Paris observatories
at the same time. Mid-nineteenth-century Greehydth its own large Magnetic
and Meteorological Department, in addition to ilBanometer testing programme,
itself had a diverse programme of work in additiorastronomy. Yet meteorology
was a relatively minor department at GreenwichHeyénd of the century; by then,
too, the nerve centre for French meteorologicaleplaions was a separate
observatory — partly modelled on Kew — at Montseuaind not the old Paris
Observatory, as had been the case when Le Verasr director (see Chapter 4,
Section 4.5). Kew did not just follow these trendiswas a major and active part of
this changing dynamic in British national sciemtifnstitutions; indeed, events at
Kew helped to cause some of these changes, agstles between Airy and Kew in
the 1870s demonstrates. Until the 1870s, for mlI'&\dislike of Kew as a centre for
magnetic, meteorological and solar observatiorerethwvas little he could do about
it. Only with the changed financial situation a¢W after 1871 (and after he had
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replaced Sabine as President of the Royal Socdity)Airy have his chance to
transfer the solar observations to Greenwich. Hy time, however, even Airy was
unable to seize the meteorological observations fiK@w, as these were now firmly
under the direction of the Meteorological Officheither Kew nor Greenwich could
control the meteorological observations: a separafecialist institution now
oversaw them. Thus Kew became largely a speci@igainisation in its own right:
by the end of the 1880s, it was effectively a nalcstandardisation laboratory. By
1900, different institutions specialised in jusearf the observatory sciences carried
out at Kew before 1871: Greenwich did astronomyl@ding solar physics), the
Meteorological Office ran the meteorological obsgions and Kew was the
undisputed centre for instrument standardisation.

We can draw two conclusions from this overall treéowards specialisation
at Kew. First, it was encouraged by the ideoldgatianate oflaissez-faire which
persisted despite all the controversy over the Dskhive Commission in the 1870s.
After 1871, Kew needed to make money from standatitin, as there was now no
annual grant from the BAAS and little governmentrney At the same time, as
shown in Chapter 5, Airy’s moves to take possessibthe Kew photoheliograph
undercut the Devonshire Commission’s proposal foew, government-sponsored
solar physics observatory that might rival GreemwicThus Airy was able to
manipulatelaissez-faireto his advantage: by appearing to save the taxpageey,
he could stop his rivals from usurping his posites ‘national observer’. David
Aubin’s assertion that the mid-nineteenth centurgswa time of crisis for
observatories, in which they initially had to take an increasing range of sciences
before being forced to specialise (Chapter 1, 8eclil), seems to be borne out by
the experience at Kew. Yet he backs up his assertith too much reliance on the
French experience of state-run observatories. Mooen needs to be given to the
British story, in whichlaissez-fairewas central to the ‘crisis’. Secondly, the
prominence of Kew Observatory in the overall movwdrds specialisation in the
various national institutions carrying out ‘obsdorg sciences’ — astronomy at
Greenwich, meteorology at the Meteorological Offeael standardisation at Kew —
means that Kew needs to be taken much more seriadngn writing a narrative of
the development of the observatory sciences in@ameh-century Britain. The story
is not simply about Greenwich. As Robert Smith hated (see Chapter 1, Section

1.4), more studies are needed that compare Grelenwithh other observatories.
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Perhaps more precisely, we could say that moreestimdte needed of Greenwich as

part of the wider world of observatory sciencethim nineteenth century.

3) How did standardisation develop at Kew in tloatext of the culture of the
physical sciences between 1840 and 19007

| have argued in Chapter 3 that by the late 185@s)dardisation at Kew was an
essential service — to the London instrument teatkprivate devotees of science as
well as government departments. The establishneénthe Meteorological
Department of the Board of Trade in 1854 certaimdiped Kew, in the sense that the
Department was a large and regular customer fodatdised instruments for use
aboard ships. Yet Kew was also an essential lodiipet Meteorological Department,
in that it provided the instruments needed for Rbbé&zRoy’'s weather reports. In
the same decade, the standardisation service atsorte important to observatories
and administrations across the British Empire; #sweven recognised by foreign
observatories and governments. After 1871, thenftral constraints facing Kew not
only compelled it to rely on standardisation asoarse of income: Kew, in turn,
became indispensable to its expanding customer Wwaseh, as described above,
diversified into ever more types of instrumentsy tBe early 1890s, in addition to
the Meteorological Office, other government deparite and the London instrument
makers, clients for Kew’s services included the wadinstrument trade and the
watch and chronometer industry. Moreover, the sameice at Kew proved
essential to the physics professors who managecdhdheuniversity teaching and
research laboratories that sprang up from the 186@srds. By the early 1890s, the
prestigious Cavendish Laboratory and even the eglaCambridge Scientific
Instrument Company were clients for the servic€eat.

Thus by 1891, when Oliver Lodge proposed a natitafwratory for testing
instruments and determining standards, there waady a national standardisation
laboratory that did a substantial part of the wofkthe institution that Lodge was
calling for. This was admitted five years latertlire BAAS report on the proposed
laboratory, which noted that the work at Kew was ¢fpe ‘strictly consistent with a
large portion of the work which would find a plage a national physical
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laboratory’’®> As noted in Chapter 6 (Section 6.5), Kew was thagest

standardisation laboratory in the British Isles #melone that did the widest range of
work. Some work in electrical standardisation wdsne at the Cavendish
Laboratory and in the Board of Trade’s electric@ngards laboratory, but these
places were small and specialised. If anywherethaplace for general instrument

standardisation, it was Kew Observatory.

7.4 Conclusions and suggestions for further reseein
It is clear from my findings in answer to the thrgeestions above that Kew
Observatory was an essential part of the culturehef physical sciences in the
Victorian era — a part hitherto under-recognised tgtorians. Also under-
recognised is its importance in the origins of thational Physical Laboratory.
Indeed, the most striking aspect of the standaidisgprogramme is theontinuity
between Kew and the NPL throughout the period.hRilgrough the history of Kew
from 1840 onwards, we can trace early ideas fortweacan now recognise as a
kind of national standardisation laboratory. ChaWheatstone’s 1842 prospectus
for Kew suggested that it be used as a centredimparing instruments (Chapter 2,
Section 2.5). In 1848, Francis Ronalds suggestatiKew could be taken over by
the government as a ‘Proving House’ for testing aondhparing meteorological
instruments (Chapter 3, Section 3.2). Even phragedar to ‘national physical
laboratory’ had long been in existence by the 189@r example, the phrase
‘physical observatory’ was first used by David Bseter in the 1830s (Chapter 2,
Section 2.2) and in 1850 Roderick Murchison wrotélerschel about Sabine’s idea
that a good use for the new Royal Society Governi@eant might be to run ‘a good
national Physical Observatory’ at Kew (Chapter &t®n 3.2). Even Lodge’s 1891
speech only used phrases like ‘physical laboratang ‘Physical Observatory’: the
exact phrase ‘National Physical Laboratory’ wasydimkt used a year later (Chapter
6, Section 6.4).

Thus when the NPL began work in 1900, Kew Obseryatthe ‘nucleus’
around which the NPL was built, already had a Ibistpory. As | have argued above
under question 1, the NPL evolved fully within ghevailinglaissez-faireideology,

13 Anon. (1896), p. 84.
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as a modest ‘extension’ of Kew Observatory. Thisribt immediately change after
Kew became the NPL. The early NPL'’s low staff salg and the expectation that it
should be at least partly self-supporting throughndardisation fee'$, was a
continuation of the same funding environment inakihKew had operated ever since
the 1840s. Furthermore, even the apparently gaednitial government spending
on the NPL — £12,000 for initial capital expend&uplus an ongoing grant of £4,000
per annum thereafter — was not entirely withoutcpdent: even in the 1870s,
Greenwich Observatory was receiving nearly £7,00 @nnum from the
government and the Meteorological Office £10,600Viewed in this context, the
‘extension’ of Kew Observatory in 1900 was modesteled. With regard to the
physical sciences — including the observatory s@erand standardisationaissez-
faire persisted to 1914. Only after 1914, with the erges of total war and the
subsequent formation of the DSIR, would this sitrabegin to chang®. From the
arguments presented in this thesis in the framewbtke above three questions, we
might assert that the establishment of the NPLew KObservatory in 1900 was not
an early triumph of the state overssez-fairg but more one of the last triumphs of
thelaissez-fairesystem in the patronage of science.

This study raises a host of further research guestrelated to Kew
Observatory itself — for example, the interactioh keew Observatory with the
scientific instrument trade, something that thigtiiational history has only touched
upon. Most exciting of all, however, are the breradsues in the historiography of
the physical sciences that this study has raisédis clear from the preceding
chapters that historians need to take Kew Obsenvatmich more seriously as a
substantial, active component in the story of thgspgal sciences in nineteenth-
century Britain. For example, the narrative of Kewansformation into the NPL
has emphasised the need to move away from the Ihe@avendish-centred
historiography of British physics around 1990At the same time, we can detect a
clear need for a more balanced historiography dfoasmy and the other

observatory sciences, one less heavily centredreer@ich than has hitherto been

14 Moseley (1978), esp. p. 249.

15 Anon. (1875), pp. 49-50; also cited in Andersod0®), p. 141.

16 Hull (1999), esp. p. 480.

17 This need has been noted by Hughes (2005), e299.who has argued convincingly
that much else was going on in British physicshatturn of the twentieth century and that
the Cavendish Laboratory was not necessarily ddotits development.
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the casé® Secondly, this study has underlined the impoganicresearching the
unpublished primary sources, not just the published documentsnpublished
sources are essential to discovering how the atiteraselves, whatever their social
standing or scientific prominence, saw the practidescience. Minutes and
especially letters not intended for publication reluding insightful off-hand
comments, such as William Spottiswoode’s crossddremark that Kew was ‘a
private establishment not a public one’ (ChapteSégtion 5.6) — can give a very
different, yet much fuller picture of the workingd nineteenth-century science.
Thirdly, the striking continuity between Kew Obsatory and the NPL, both of
which institutions had to work within an unchangéaissez-faire political
environment, contrasts starkly with the idea of NfeL as a break from tHaissez-
faire past and therefore suggests a need to look foe mantinuities between the
science of the nineteenth century and that ofweatieth. The simplistic, presentist
picture of a haphazard Victorian science being olbj@matically replaced by a
twentieth-century model of professionalised andegeusly government-supported
science — such as that portrayed by Russell Modelethe NPI*° — needs to be
critically reassessed and revised. Above all,rtbe insights described under the
three great questions above surely demonstratevdhee of studying scientific
institutions as a whole and not just individualep of them, as has hitherto been
the case with Kew. We need more book-length hiestarf scientific institutions that

challenge existing assumptions about these institsit

18 Smith (1991), p. 18.
19 Moseley (1976); Moseley (1978).
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Appendix

Chairmen of the Kew Committee, 1846-1900

British Association for the Advancement of Science

June 1846 — April 1850 John Frederick William Héedc
April 1850 — May 1850 Roderick Murchison

May 1850 — May 1853 William Henry Sykes

May 1853 — July 1871 John Peter Gassiot

Royal Society

July 1871 — June 1883 Edward Sabine
June 1883 — April 1889 Warren De La Rue
April 1889 - December 1899 Francis Galton
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