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| was sure that the sun would some day

regulate itself by my watch!

-Jean Passepart dround

the World in Eighty Days
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Introduction

Visitors wishing to see the Airy Transit Circidigure 1) at the Royal Observatory
Greenwich find it in a room that appears too small for the instrument. The space between the
walls of the room and the piers of the Transit Circle is so narrow that only one gisédime
canwalk throughit. Walter Maunder, a former assistant at the Observatotgdthis problem
with the statement that theansitCi r cl e Room is o6not well adapt e
or phot dlgligkt pf this,thosé who visit the Transit Circlere not oty looking at the
instrument but they are also constantly engaging with the space that surrounds it with all of its

obstacles.

The curators of the Observatayersedhetamingof this instrument. Yet, even in their hands, it
refuses to be easily displad to the visitors. The method of observation, and the precision
achieved with the instrument has been long surpassed by other instruments. Systematic errors of
the instrumentvere found in the earlgoth century which led to halting observing programmes

with it in the 1930s. The Airy Transit Circle was also much larger than other transit circles,
which led to arelatively complex desigrnthat consists ofa multitude of smaller parts and
instruments. Communicatingansit circles and their principles hbsen a challenge since the
nineteenth centuryand disagreements arose among Airy and his assistants abouhdyww
should be described to different audiences. Such problems pose major difficulties in

communicatinghe Transit Circleo visitors of the Observatorny our time The currensolution

! Walter MaunderThe Royal Observatory Greenwich: A glance at its history and its (koridon: The Religious
Tract Society, 1900), p. 147.
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is to connect the history of the instrument to the wider history of finding longftitis can

easily be achieved as the Transit Circle was selected by the delegates of 22 nations in 1884 as the
instrument to define thénternationalPrime Meridiar® B u t such framing of t
history both hides and simplifies its wider contribas to star catalogues and to thkeeping

within everyday life® To sum up curators inherited the struggle ofvn¢o both tame and exhibit

the instrument.

The members of themu s e u oodservation department face challenges through the
maintenance and repair of the Transit Circle. Despite being a precision instrument, its precision
is no longer maintained to an extent that would afowmakinguseful measurementsith it.’
However, he abilities to raise and lower the telescope tube, and to turn it around its horizontal
axis are still preserved. Furthermore, the microscopes attached to the western pier can still be
used to view the graduations of the large divided circle on the sitheeiof the pier. To maintain

the instrument in such a state requires specialist knowledge which was passed down by the last
Observatory assistants and mechanics who used and repaired the instidoveener, due to

the infrequency with which those prams are carried out, the knowledge is no longer embodied,

but rather followed through tektased instructions. This way, every time the general

2 For the challenges connected to presenting the complicated history of the museum as a curator, see Gloria Clifton,
6The Royal Observatory, Greenwi c h, L &odoMomubdhtsand ent i ng
Sites 18 (2009), 177187.

% For more on the International Meridian Conference in Washington, see Derek anesewich TiméOxford:

Oxford University Press, 1980), pp. 1381; and Charles J. WitheZegro Degrees: Geographies thie Meridian

(London: Harvard University Press, 2017), pp.-248.

“For the contribution of the Airy Transit Circle to ast
The European Physical Journal B7:5 (2012), 74592 (pp. 2728).

For a published report of the |l ast major conservation
Transit Cir c The Olsérvat@yl@l€1984), 450.0 ,

® These documents are held at the Curatorial Office of the Royal Observateeypwch, now forming part of the

Royal Museums Greenwich.
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maintenance of the instrument takes platee tacit knowledge required for its use
rediscovered once again.

The challenge that historians of the Observatory face takes a different form. Documents relating
to the Transit Circle are distributed unevenly among the large number of manuscripts held
amongthe Royal Greenwich Observatory archivsCambridge Universit Library.” Despite

this, previous historiangf the Observatorgompiledthe history of the Transit Circle from the
official publications of the Observatorghé Annual Reports of the Astronomer Royal to the
Board of Visitors the Greenwich Observationandt h e i n s two oficial tectnisal
descriptions), which were easily accessible in libratigafortunately, the official documents

only included discussions about the final products and results of scientific and technical projects,
as opposed tdiscussing the various challenges that arose during the projects. As a result, the
histories of the Transit Circle based on the official documents have not called attention to the
recurring negotiations that influenced both its design and everyday use thithoperations of

the Observatory. This way, if historians want to reconstruct how the Transit Circle was
integrated into the work of the Observatory, they have to consult the 12 cubic meters of records
that Sir George Biddell Airy (the seventh Astromer Royal, and designer of the Airy Transit
Circle) left behind and where records of these negotiations can still be fdums thesiss an
attempt atre- assembling its lifestory in a way that highlights the various interpretations and

meaningsassociated with the instrument.

"To illustrate how scattered these documents are, it is worth naming a few of the titles of the folders within which
references to the Transit CircledagReGD) 6/ @RapetatoownGE
(RGO6/820), ©6Occasional ordetxs, tOoPapsistanncdr fIRGH &¢ 8Bs i
4243), O6Papers on buil din)g,s @OQAr rga opunrddsedn d eRGDH BUt4 4dEst i m
6Cespondence on i nstTtTumend Gdr r RGEo Bd elibPe -7BB)atch t r ade s me |
8 The official descr i Pescsiptianbfthe Fransiflircied ) r wme st pbl t adddas &
the Greenwich Observations of 1852 d®#7. The latter description included all the modifications implemented

into the design and use of the instrument since the first official description.

°SeeGilbertESat t ert hwai t e, JoulnalofystrsnomigaleHistery and Heiitage(20@1) 115

141.
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Fig. 1. The Airy Transit Circle in 2013 (photo by Danilo Pivato)
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1. Scholarship on the Airy Transit Circle

This dissertation is not the first time that the history of the Airy Transit Circle and its
partshave beerexamined. The last person to make an official observation with the instrument,
Gilbert Satterthwaite, wrote sna s t @igsdvtation and an article about the history of the
instrument His writings provide insights into how the instrument was used, whatareh
prograns it contributed to, and brief descriptions of the various parts of the instrufthent.
However, a major parof his history of the instrument is told through collated extracts and
summaries from th@&nnual Reportsthereby providing little histacal analysis o how and why
changes were implementddis article on thelransit Circle(based on the dissertation) similarly
focuses on the technical description and changes made to the instrument as opposed to placing
the instrument within théuistorical and scientific context within which it emergédespite
these shortcomingsijs dissertation and the article serve as essential guides to anyone interested
in the history of the Transit CircléMoreover, since Satterthwaite spent a considembleunt of
time using the instrument, his publications provide unique insights into dwesv of the
instrumentods wusers interpreted ithesusemaad ther i al i 1
instrumentformed. This will be explored in this dissertatidghrough an analysis of maintenance
practices, as well as through seeing the instrument as an assemblage of multiple external and
internal instruments working in harmony. addition, he saw the instrument through the eyes of
its users, which specific ap@oh considers it as an assemblage. In chapters 5 and 6 of this

dissertation, we will see how other users of the Transit Circle approached it in a similar manner.

YGilbert E. Satterthwaite, 6The History of the Airy Tr.
(Unpublished MA dissertation, University of London, 1995).
1 satterthwaite (2001).
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The first comprehensive account of the instrument was written by Arthur Jack Meadows. He
contextualised the instrument withimineteentkcentury positional astronomy ands
contributions to the field by the Observatory. He brieflg nt i oned Airyos f amil
the engineering firm Ransome & May that made the large parts of the tT@nde, and
highlighted the major modifications made to the instrum8pecifically Meadows discussed

the impact of the electric chronograph, which changed the recording of observations from the
eyeandear method to the chronographic emttouch mehod.*? Shorter accounts of the
instrument have also been written by other pedpben the object glass of thAgansit Circle

was cleaned in the late 197Bg C. M. Lowne, hewrote a short paper on the quality of the

glass™® The historical account of thebject glass was brief, armhce agairbased exclusively on

the official publications of the Observatory. Carole Stott took a different appbyagahcingthe

Transit Circlewithin the long line of meridian instruments used at the Observatdrer

accoun contextualisedhe Transit Circleas part of the Observatoryos
more precise determination of longitude. More recently, a group of histai@hghysicists
compared thénstrumentand the Coimbra Transit Circte Their work paid close attention to the
materiality of the two instruments to demonstrate how the defects ofithieal instrumentvere

improved in copies of it Thdar article also showed, how the instrument helped in the
dissemination of technical knoadge between the two observatories. SinceTtaasit Circle

defined the Prime Meridianit frequently appears in bookiscussinghe history of longitude.

This is due to one of the resolutioathe International Meridian Conference of 1884 held in

12 Arthur Jack MeadowsGreenwich Observatory: THeoyal Observatory at Greenwich and Herstmonceux 1675
1975 vol. ii: Recent History (1838975)(London: Taylor and Francis, 1975), pp-426.

BLowne, 6The Object Glass of the Airy Transit Circle a
“cCaroleSt ott, 6The GrleswiecmemMesi dipnad and Visiasihudi ng the
Astronomy 28:1 (1985), 133.45.

BviorBoni facio, | . Malaquias, and J. Fe CoimbradgsnomacaThe Tr o
Observatory from the 1850s: An exampléohi e di ssemi nati on of Asteromiscoel ogi cal d

Nachrichten 330:6 (2009), 544651.
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Washington, D.C.referringto6t he transit i nstrument at the
initial me r i d°iDespite thi® adloselcanmegtibistarigseof I@ngitude only briefly
mention the instrumenas opposed to analysing why the instrunsamved as a reliable tool for
definingthe Prime Meridiart’ Within histories of time dissemination, the presence offtlamsit

Circle is evenless frequentits crucial role in determining time based on the movement of
celestial bodies is almost alwaygerlooked, with the task simply described as one of the general

roles of the Observatory.

In summary, previous histories of theansit Circlehave offered brief or technical accounts of

the instrument. They offered little historicahd critical analyis abouthow the instrument was

made, how it was maintained, and what led to its transformation over time. This dissertation aims

to fill this gap by examining the recorded interactions of the individuals using the instrument.
Another major shortcoming oprevious histories is their reliance exclusively on official
publications. This is surprising given the abundance of documents that survived within the RGO
Archivest h at relate to the instrument. Thi s di s
correspodence with instrument makers and other astronomers as well as the internal notes
written by Airy and his assistants related to thetrument Fr om t hese Onewd d
Transit Circlebs history appear s srenomersandc o mp |
instrumentmakers angbroviding a continuous source of anxiety for the people alersawits

maintenanceFinally, expanding on the works of Meadows and S$tibiis dissertation aims at

18 Quoted inHowse,Greenwich Timep. 139.
17 See for example, Howse (198@harles J. WithergZero Degrees: Geographies of the Meridiénondon:
HarvardUniversity Press, 2017), pp. 1-248.

18See for examplevanRhys Morus, ©66The nervous system of Britaind
Vi ct or iTkemritishgleual for the History of Scien@3:4 (2000), 458175; andDavid Rooney & James
Nye, O06Greenwich Observatory Time for the publ iTee benef i

British Journal for the History of Sciencé2:1 (2009), £30.
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contextualising the history of the instrument by phacit within the debates about precision of
instruments, reliability of instrument makers, and managemelairgéscaleastronomical data

processing

2. The Airy Transit Circle as an astrononaadl scientifiagnstrument

Mostoft he documents related to the Airy Trans
section of the Royal Greenwich Observatory Archives at the Cambridge University Library.
While the relevant documents are scattered around in different folders, mostabjpians and
descriptions of the instrument can be found i
on instruments6 and 6Ast r b Theseldbelsachl attemtionttooties a n d
fact that Airy categorised the Transit Circle arganstruments commonly found at nineteenth
century observatories: clocks, galvanic wires, telescopes, and smaller parts of instruments such
as micrometers, object glasses, and threads used in tipéeegs of telescopem this light, we
need to considewhat role the Transit Circle played in the development of ninetemmttury
astronomical instrument#listories ofthe subjecthave highlighed three important aspecbf
their nineteentftentury developments: an increase in siteéelescopes and objeglassesan
increase in their precisionand their amalgamation with emerging technologies such as
electricity, photography, and spectroscopy. The increase in the size of the instruments reflected
the new technical possibilities, the changing manufaogutechniquesand the wider cultural
contexts. With the new artisanal techniques of the opticians at BenedikibesiernOpt i c a |l

Institute astronomical instruments could be supplied with object glasses of larger’%sizes.

9 These can be found under RGO 6/160 to 166.
20 Myles Jackon,Spectrum of Belief: Joseph von Fraunhofer and the Craft of Precision Q@#osbridge,
Massachusetts; London, England: The MIT Press, 2000).
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Keeping the Benediktbeuern methods a secret, both opticians and nations began to support
research into the productiasf high quality glasse&:However, as the history of the Transit
Circle will demonstratethe decisions abowthich optician to employ aa supplier went beyond

the simple considerations of the quality of the final product. Instead, personal preferences,
national sentiments, questions regarding costs and testing of the product, and problems of trust

all played important roles in choosing iastrument maker.

New mounting structures and the use of new techniques for casting the bodies of instruments
allowed the increase ithe size of telescopeso be complemented with lighter materials and
uniformity of their wear”” However, adapting the newaterials and techniquesag/not a
straightforward proces$n the case of the Transit Circle, the use of a new technique for casting

its body as well as its large sizefaceggp posi ti ons from ot her astrono
of friends At the same time,le gigantic size of instrumentalsof or med part of &éth
the sublime and the giganti c ?iThe la\é size ofrtiean s ¢
instruments, objects and buildings attracted audiences through overwhelmingehsary
experienceé? Incorporating the issues of power and reputation into the large telescope size and

the culture of spectacléankford demonstrateaow thesize of telescopes within astronomy also

ZFor British efforts into producing object glhydses of
Use of Platinum i n Hi sPlaimm Eaals RévievR7:4q1983)01¥481.¢-arthe GI as s 6,
transfer of European opticians and their work to Britain through the case study of the Chance Brothers in

Smethwick, Birmingham see Isobel Armatg, Victorian GlassworldgNew York: Oxford University Press Inc.,

2008). For a discussion on the Glass Tax and on the-potiical meanings of glass in Britain during the first half
ofthenineteentt e nt ury see Jenny Bulmd rtolde , matRe roitHEslog ofafs sreand U laat
Science56:3 (2018) 27813.

22 For a history of improvements made to the mountings of telescopes see Henry Qhe€itjstory of the
TelescopgMineola, NY, Dover Publications Inc., 2008p. 182184. For a history of the English Mounting see

Wayne Orchiston, 6The English Equat or i alournaldouthet i ng and
History of Astronomy4:1 (2001), 2912.

BSimon Schaffer, 60n A®lne Jovesdnd Reter GalisBictuiing §cience, i n  C
Producing Art(New York, NY and Abingdon, England: Routledge, 2013),-444 (p. 461).

#“Bernar d L i ictorianescience mddeuchs and exhibitions: 'the industrial amusement and instruction of

th e p e Bnpdawurd7;2 (2013) 823 (p. 89).
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entailed individual and national competitions. Hislgsia of the controversy over telescope size

during the late nineteenth century highlighted the amateur support for smaller instruments (as it
brought forth the skill of its user), while professionals supported the use of larger instréinents.
Similarly, ct i ng a sense of 60American national i smd,
telescopes since Alvan Clarko6és reputatffon was
An analysis of the history of the Transit Circle highlights similar considerationgdacided on

a large transit circlelespite other astronomers advising againsthis opposition was due to

transit circles being relatively small (especially in comparison to equatorials), which allowed for

their easier adjustment and measurement @f #rrors. Reflecting on the design and material

used for the instruments, Simon Newcomb noted the strength and sturdiness of the instrument,
which also showed Airyodés transfor mat tHiken of t
6heavy maThik dissestatiognalemonstrateow the size oboththe object glasand the

complete instrumentas highlighted by Airy himself as the largest one used for any transit circle

at the time in order toadvancehis own proposed design and to maintain the reputatidotbf

the Observatorgnd the instrument

Transit circles were classified as precision instruments, since they were used for the precise
measurement of the coordinates of celestial bodies. Suttunments underlined both the

material and social aspects of nineteemtb nt ur vy 6cul t inerelatioh topr eci ¢

“John Lankford, O6Amateurs versus Professionals: The Co
Isis, 72:1 (1981), 1P8.

% |bid., pp. 15 & 19.

27 For the description of the instrument by Newcomb see, Simon NewdmaliReminiscences of an Astronomer

(Boston and New York: Houghton, Mifflin and Company, 1903), p-289. For an overview on the transformation

of the Observatomoyeirnt . a Sénfi 4 ©t, o KA Nad é oR a | Observator
Ni net e e nt JourraldontheuHistprd of Astronomg@2:1 (1991), £0.

BEor an overview on 6cultur e ToeValpes & PrecsiofrimétonsNee Nor t on
Jersey: Princeton University Press, 1995).
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astronomy and timeobservations made with transit circles served as the basisinfer
measurementn the case of thairy Transit Cirde, measurements with served as the basis for
GreenwichMeanTime?° At smaller observatories around the coutht devoted their energies

to aiding commerceand shipping transit circles were used for adjusting clocks aating
chronometerd® Within nineteentkcentury British society, the culture of precision played the

role of regulating everyday life and offering order through periodiciyi r y s transf or m
the Greenwich Observatory reflected these principlesugh their embodimentithin the

division of labour’* the disciplining of the astronomical assistali@nd the maintenance of the
instruments. Among nineteentientury astronomers and instrument makers, the question of how
precision could be attained served as another dimerierough which social hierarchies were
reproduced.Two key figures of nineteenttentury astronomylohn Herschel(figure 2) and

Friedrich Besse(figure 3) both arguedhatthe worls of instrument makersiere made better

with the aid of disciplined asinomers3* Their ideas incorporate a hierarchy between
astronomers and instrument makers, where the astronomers brought the instruments even closer

to perfection through accounting for their errors in their calculations. As Bessel staged:e r y
instrumeni s made twice [€], once in the shop of th

however, by the astronomer on paper, through the application of necessary corrections, which he

P Foranineteentc ent ury description of the time signal system :
Greenwi ch Ti meNatarg §4rB42I(Ma$ 38s1876)r8&2 and 14:344, (June 1, 187@)1113.
®¥For an example in the context of the Liverpool Observ

Ti mekeeping: Liver pool anAdnal¥of8denc&l:4a2014E47496t r i cal Hor ol o
'Mar k W. Turner , ONienrd toede nctadledi@ismty8:2i(20H2), 188.96.

32 Smith (1991).

#¥Simon Schaffer, 6Astronomer Mar k Sciemein CobtexB(1988),i ne and
115145.

%For Herschel 6s ideas on tndisstrument makersséeyohmHetsobet)iees ofa st r on o
AstronomyNew York: Sheldon & Company, 1869), p. 78.
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obtains in the couf d&e thsodfsserfatiorswill idemorstaateAigmy @ ® n s .
engagement with the maintenance and use of the Transit Circle reflected such principles, by
considering themathematicalunderstanding of the instrument attained by his astronomical

assistants to be better thidnatof the instrument ikers.

SIR JOHUN FREDERICEK Wi

Fig. 2. Portrait of John Herschel (c. 1845, NPG, D16028)g. 3. Portrait of Friedrich Wilhelm Bessel (undated)

The maintenance of instruments highligkitat precisionis never inherent exclusively in the
materiality of instruments themselves, but alwayssh@® be complemented with their

management by individuals. To put it in differently, precisisralways performativeit is

% Quoted in Dieter B. Hermanithe History of Atronomy from Herschel in Hesgrung(Cambridge: Cambridge
University Press, 1984), p. 35.
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performed through the interaction between the human and the material. This approach to
precisbn highlights that instruments never stay the same, but rather constantly change their
materiality. In essence, the instruments are in a constant state of flux, which poses another limit
on the achievable precision, and necessitates performing its maiceéh@vithin this framing,

even the instruments are set fr¥eby considering them as active participants in the
performativity of precision as opposed to being passive objects upon which humans exert a one

sided influence.

Thinking about instruments asteve participants in experiments, observations, and in everyday
routines opens up the possibility to write about the historical life of instruments. Considering the

lives of artefacts has been a prominent feature of business and innovation studies, where
products are considered to have-lifecles. Howeverthe concept of a produdife-cycle was
introduced to make sense of &ndsoitfocuses sdfednai nt y
how theorganisatioal network (and its memberghteractingwithpr oduct det er mi nes
of a producf® As a result, this approach removes the possibilityeaiprocal ceproduction
wherebythe productalso shapeshe conditions of the network itseftwithin the fields of

historyand museum studigsbject biogaphiesanalyse the historical and organisational contexts

%Al exi Baker, 60Precision, o APerfection,® and the Real
18t h C datdrial Cytde Review/ Revue de la culture materjelie (2012), 149.
John Tresch, O6Even t het 6TsooRosmawitlilc Blee cFhrneoel:o gH uensbdo,| di n O

Bigg, and H. Otto Sibum (edshe Heavens on Earth: Observatories and Astronomy in Ninet&amttury

Science and Cultur@urham and London: Duke University Press, 2010);258.

¥Steven Ehepper Exot , Growt h, and | nTheAnwricainceconomic er t he P
Review 86:3 (1996), 56583 (p. 562).

%9 Jasanoff defined the conceptofgd o ducti on as 6the proposition that the
the world (bothhature and society) are inseparable from the ways in which we choose to live in it. Knowledge and

its material embodi ments are at once products of socia
Jasanoff, 6éphedudi pimdadahoff ted)St&ds of Knowledge: the-puoduction of science

and social orde{New York and London: Routledge, 2004)12 (p. 2).
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within which ob.f%Bhe éextent to iwhich dbjettshcanohdigeand whether

objects and instruments haagencystill remains a debated topwithin these approache®n

the one had, the approaches of Lorraine Daston and John Tresch highlight the conceptions of
things and objects acting out their own liVé©n the other hand;homasSoderqyist argues that

only individuals can have liveé,and biographycan only beextendedas ametaphorand a

guiding mechanism for analysing the history of objects and tiiHgsbrief, object biographies

raisethe question whether biographies are only limitediving beings, or whether there is a

distinct biographical approacho examine the kiory of objects. This dissertation adds to this
scholarship by placi ng life€l)theimteractioasseiwsen humans an i n
andnstrument s, ( 3tate of flwd.e. itsrcenstantly whangingdnaturand (3) its
participation in theco-productionof astronomical labour. Thiswaf,o | | owi ng Samuel
work, the dissertation sh#tthe discussion away from tlggiestion ofagency of objects towards

an analysis of dife in action®® In relation to the Transit Circle, discussions about the
maintenance of precisionill demonstrate that changes in the materiality of instruments affect

t he net wor k by necessitating mai ntenance o]
understanding of Huboldtian science, the Transit Circle is seen as an active companion of

astronomers as opposed to being a passive tool. In consequence, what is novel about the

““For a overview of the object biographies approach thr
Kate Hill (ed.),Museums and Biographies: Stories, Objects, Identitésodbridge: The Boydell Press, 2014).

“! Lorraine Daston (ed.Jhings that Talk: Object Lessons from Science andMew York: Zone Books, 2002).

*2Thomas Soderqvist and Adam Bencad) o T h i n g Blax Planckkirtiute for the History of Science,

Preprint seriesNo. 399, 2010, 9202.

“3While Soderqvist does not mention object biographies in his edited volume on scientific biographies, he equates
biographies &,itthheédeby mwraciimg the presence of a o6l i fe¢
See Thomas Sodergvist (ed’he History and Poetics of Scientific Biogragiydershot, England; Burlington, VT:

Ashgate, 2007).

“Al berti argued d, thanged Gagtee astasnedium fomgdatiomships but were nonetheless

inani mat e6. It is these actions that the dissertation
conform and mediate the intentions of the individuals, whaslstance is accentuated in the use of precision
instruments such as the Transit Circl e.lIsis$ £005&589uel J.
571 (p. 561).
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approach advocated in this dissertation, he tanalysis ofhow the instrument actively
participaged in the coproduction of the networks within which it operated. This way, the history

of the Transit Circle turns into an analysis of its active life

Instruments do not only interact with humans, but with other instruments too. A focusiron the
interadions approaches theras assemblage® Assemblagehinking brings forth the multiple
entities that take part in a given action. It highlights that instruments are never isolated from
other instruments, bumstead aralways situated in an already existimgtwork. Such networks

are especially visible in the case of precision instruments, since the various factors affecting their
performances constantly have to be measured and monitored, and other instruments creating the
suitable conditions for its perfoance are similarly relied updfiln the case of the Transit
Circle, we can observe this assemblage even within the Transit Circle Room itself. Two
collimator telescopes are placed north and south of the Transit Circle (used for measuring its
optical misalgnments), a third removable collimator can be set up through the western wall of
the room, a set of steps around its BA&St axis serves as a sun protector, two mercury basins
within the observation pit (one visible and one in the ground) allow for whisens by
reflection and for measuring the error of the instrument, barometers and thermgizetedson

the wall provided further measurements thaad tobe taken into account after observations,

while the walls and roof of the room shield the instratfeom rain and wind as well as provide

5 Assemblage was not used by Airy and his assistants as term to describengiedircle. Instead, | use the term

to guide the historical analysis of the instrument. This use of the term assemblage is useful in highlighting the
multiple parts of the instrument and itsreassnsmbhedy. ch
For a discussion of assemblages in relation to objects
Actor-networks: Rethinking Socimat er i al Power , GeBgrabhy Compas9:1a(2045), &1 dpp.e 6

33-35).

“8 For an overview of the monitoring of complex precision instruments and their maintenance in a historical context,

see Chris J. Evans, O6Precision engineering: an evoluti
38353851.
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moderate control of the temperature around it. Assemblages are not limited to the immediate
surroundings of an instrument. In the case of the Transit Circle, when the chronographic method
of recording observationsas introduced, galvanic wires and signals were used to communicate
between the Transit Circle and the Barrel Chronograph (placeddifferent building at the
North-East corner of the Flamsteed Housk) brief, thinking about the Transit Circle as an
asemblage highlights its inteeliance between various instruments as opposed to focusing on
the performance of a single instrument. While such a network of instruments can be considered
as part of the external assemblage of the Transit Circle, the inéssehblage of the instrument

can also be opened up for analysis. Micrometers, eyepieces, graduated circles, counterweights,
prisms, and electrical wiring all had to work well at the same time in order to make a good
observation. These various parts alsal their own histories and lives, which the dissertation
attempts to explore furtheshow the complex interaction between multiple large and small

instruments in order to help the observers achieve good observations with the Transit Circle.

3. TheAiry Scharship

The Airy Transit Circle used to be referred to as the Greenwich Transit Circle in
international publications and simply as the Transit Circle within the internal documents of the
Observatory. The first r e f e roeindcénean abibuanaah Sir6 Ai r y
David Gill published in 1915 (though it was a reference to a modified version of the Greenwich
instrument used at the Cape Observatdtgyd became a more widely used term from the 1970s

onward. The reference to Airy in the nawfethe instrument shows thidthas to be understood

" Annual Report of thBoard of Regents of the Smithsonian Institytit®15, pp. 513 & 514.
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not only within the history of astronomical

directorship.

The scholarship on Airy has focused thinee majorthemes related to his life and work: (1) as

the director who introduced 6factory mentalit
Observatory (2) as a scientific public servant embedded within bureaucracy of the British
government, (3pndas and e n g i n e @ tGrhesatheges are not isolated from each other,

and historians refer to works from #iree At the same timethey focus on different sources and

draw conclusiongshat complement each othek key example to this is the discussion®ub
Airydos personality: whether his dictatorial m
aspect of his life, or whether his playful private personality had more impact on the way in which

he controlled the Observatory and the staffhe aim ofthis dissertation is to offer a synthesis

of thethreemajor themes, and to demonstrate how it can provide further insights into the history

of theTransit Circle

““While there has not yet been an article
60bservatory Lifed exhibitioenatbobhé Bl dm



Fig.4. Portrait of George Airy(1877, NPG, Ax17526
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The most dominant theme within the scholarship on Airy has been his characterisation as
the person who introduced O6factory mentalityd®d
Observatory®® This was most prominently emphasisedSimonSc haf f er 6 s thanal y s
personal equatio?f.According tohis interpretation Airy disciplined the astronomical assistants
making the observations with instruments the same way as factory managers disciplined the
factory workers. The assistants and theactions were calibrated the same way as the
instruments becausehe increased mechanisation of the Observatory required increased control.
Inessencedt he observatory b &anaptmid’aHodexer,this way of i f n c
organising astronomic&bour was not unique to Airy and the Royal Observatory at Greenwich.

As Schaffer emphasised, ishnew division of labour gradually emerged at other national
observatories around Europe too during the nineteenth céAtry.c h a 6f act ory mer
fuelled by the underlying culture of precision, and the increased emphasis on processing
astronomical data on larger scales. In relation to this dissertation, the article is useful in analysing
how technol ogies of 6sur vei lighamasénblage ofehe i mp |
Transit Circlein ordertoé c al i br at e dlowevere whikelSshaffenplaaedthe observers

within the instrumental system, he did not detail how the instruments themselves were overseen.

Expandingupon this pointthis dissertation opens up the question of howTrensit Circlewas

calibrated, and how such a needifsrcalibration showed that instruments were considered to be

“The term 6factory mentalityd was introduced in Allan
Standards in Science, VibtasimeAstomompen(P85p 324#8. Navi gat i onb,

*0 Simon SchafferAstronomers Mark Time

*L |bid. p. 119.

*2 Ibid. p. 121.
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just as prone to errors as humahSuch an approach raises the question whether the reliability
of the culture of precision was based on the instruments themselves or on trust in the reputation

of the instrument and its maintainéfs.

OFactory mentalityd i s ofthebsaewatoryas itis reflectivmofthe r t h
industrialisation and the mechanisation of &ntduring the nineteentltentury. It is also
reflective of the power relations governing both the social and material organisation of the
Observatory. As a redul historians were quick to embrace this approach. Ashworth
demonstrated the close commercial ties between business and astronomy through an analysis of
the founding of the Royal Astronomical SociéhSimilarly, he shoved how the division of

mental labouintroduced by Airy taransformthe observing process and their furtberrections

(called reducing observationseflected the centralised system and hierarchy of the British
Empire: the data gathered and produced by astronomical labourers were checked by the skilled
assistants during production abyl Airy himself before publicatior® This type of division of
astranomical labour reflected the application of the ideas of Adam Smith on the division of
physical labour to mental labotrWhile Ashworth focused more on the organisation of the
human workforce, the chapters of this dissertation demonstrate how the imgtrumeee placed

within a similar system of surveillance.

53 TreschEven the Tools Will Be Free

“For a discussion on how reliability is fAconstructedo

Reliable Timeo: Wil | Ralnoadsand fime AwdtemesNrfi®e Engt gndmer i ca o,

Technology and Culture30:1 (1989), 124.

*William J. Ashworth, 6The calculating eyeTheBraishl y, Her
Journal for the History of Scienc@7:4(1994), 409441.

®William J. Ashworth, 6John Her schelHisto@efSagegee3s:Ai ry, and

(1998), 151178.

" See Noah Kennedihe Industrialization of Intelligence: Mind and Machine in the Modern (Agadon and

NewYor k: Routl edge, 1989); Simon Schaffer, &R&aanbageds C
The French journal of communicatiof:2 (1996), 274298.
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SIR GEORGE B. AIRY, K.C.B., F.R.S.,

THE ASTRONOMER-ROYAL WHO DESERVED THE GRATITUDE OF HIS COUNTRY
FOR HAVING ‘‘ CORRECTED THE ATMOSPHERIC CHROMATIC DISPERSION.”

Fig.5.Cartoon depicting Airy as the Greenwich Time Ball (Punch, 1883
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The theme of centralisation of astronomical work is a similarly important point in histories of
nineteentkcentury timesystems. Morus argued that Greenwich Observatory became the central
node within the nervous system of time distribution around Brifaline regulatory implications

of this centralisatiorwere explored further by Rooney and Nye, but they similarly maiethin

the defining power of the ObservatoREdwardGi | | i n6s work on the rebu
Westminster challenges these assumptink.t tell s the story of h o
controlling the time service distributed to the building was challérgyebothclock makersand

politicians, prompting Airy to withdraw from advising on the project. Through this example,
Gillinbs wor k ®okcwsabli hehaneempgtentres (or at
within what previouslyhasbeen seen as a ¢aalised time distribution network. Moving away

from time service to organisation of astronomical research at national and international levels,
Macdonald raises a similar criticism. By analysing the history of the Kew Observatory, he
demonstrates how Kewas considered by the Astronomer Royal as a serious threat to his
Greenwichcentred vision of observatory sciences within Bridim his concluding paragraphs,
Macdonaldevencalls for more histories that show how the centralisation of observatory esienc

was challenged by astronoméf&his has the potential to lead to accounts of nineteserury

British astronomy that are decentralised fr@Bneenwichdominated approachesince this
dissertation discusses the history of an astronomical instrumant hids never left the
Greenwich, it decentralises the role of the Observatory in a different manner. It demonstrates

how the instrument makers and artisans influenced the design of the final instrument, and how

%8 Morus, The nervous system of Britain

*9 Rooney and NyeGreenwich Observatory Time for thablic benefit

€0 Edward J. Gillin,The Victorian Palace of Scien(@ambridge: Cambridge University Press, 2017).
®1Lee T. Macdonaldkew Observatory and the Evolution of Victorian Scied@#01910 (Pittsburgh, PA:
University of Pittsburgh Press, 2018)

2 Ibid. p. 245.
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their availability determined whether the tnsnent could be used or not. Similarly, while
Ashworth and Schaffer approached the astronol
system of division of labour, this dissertation attempts to dezentby focusing on the
interactions of individuals with th@&ransit Circleand the data it produced. From this bottom
approach, t h ébothOhusan randa nelmuman)onerkforce appear in constant

conflict with its established regulations and ¢iioary regime. By doing so, the dissertation
demonstrates that the strict discipline and regulations did not remove human error and the
breakdown of instruments from the operations. Instead, the surveillance was implemented

because astronomical work aastronomical instruments often weatvrya®

51 ANE a | WAOASYUATFAO Lzt AO aASNBIYyGQ

Airy described himself as an 6°ABuetodisomi cal
position as an Astronomer Royal, he waften consulted in matters related to sciencel an
technology®® This point was emphasised by Chapmamo argued that Airy needs to be
contextualised within his role as a scientific public servant, as it highlights the assignments and
projects that he decided to prioritise over otHf&Burthermore, by approaching Airy as a
bureaucrat representing the Governménh, a p ma n 6 s offarpepplanationdboutwhy he

insisted on continuing the historical mission of the Observatogy pursuing positional

SThe term 6awryd is a reference to Alison Winteroés stu
0fiCompasses All Awryo: The Il ron Ship and t Yigorighmbi gui t i
Studies 38:1 (1994)69-98.

64 Letter from Airy to E. J. Lowe, 7 February 1853, RGO 6/144: 36.

®For an overview of Airyods involvAdamtPéemkinssuesiabtt sar
government businesso: the Astronomer Royal as gover nme

commissions of state and other bodies, 1838 8 Iodrnal of Astronomical History and Heritagé (2001), 143

154,

®AllanChapman, O6Private research and public dutogmalf@eor ge Bi
the History of Astronomyl9:2 (1988), 12-1.39.
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astronomyto support navigation antime determination and why he compared the problems of

the Observatory to the problems of bureaus of cl¥rks relation to the history of th&ransit

Circle, this approacifalong with that of Ashworthjrames it as an instrument used within an
oficeenvironment, as opposed to being an indus
dissertation demonstrates, through the connection offtaesit Circleto a chronograph, the
astronomi cal i nstrument was tur nedikeithaoter a mac
astronomical clerks of the ObservatoBuch amapproach also demonstrates how itistrument

was connected to the historical aim of the Observatory (by being a meridian instrument), and
how Airyds ot her r esponddelaed and defened hia managemem st r o
of the construction and maintenance of the instruméilha p mands avasndlso i but i
important for relying ornthe primary sources found in the RGO ArchivBaither than using

Wal ter Maunder 6s hyandthe officialgudblicatibne of o Qbservataayt he

used extracts from the Astronomer Royal 6s Jol
other astronomer$.By doing so, Chapman managed to demonstrate thesedocuments can

provideanewfiad mi ni st amitmnge®or Airyodés directorship.

7 George Airy,Report of the Astronomer Royal to the Board of Visit@&37, p. 2.
% These journals can ktil be found among the O60Airy papersd. See O6Ast
RGO 6/2427.
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Airy as a scientific public servant has been explored in various other histories of the astronomer
Doron Swade closely analysed what role Airyos
di scussions relating to halting goV@awmedds fu
discussion on theMagnetic Crusadedemonstrated the importance ofrAy 0 s Voi ce a !
representative of a government funded instituffdf.o s k i n 6 s a Asadngmeris at Warf t h e
episode during the nineteethe nt ury showed how Airyoés positi
aided in both the South vs Sheepshanks legal battle and the ensuing personal clashes‘afterward.
Research by Kennedy and Kershaw demonsirate r y 6 s r o | &iona tdimeasion i nt er
through his cooperation with other observatories in longitude determination and boundary
surveys’Si mi | arly, Jessica Ratcl i ff defkobservebsed Ai
and management of the British Transit of Venus eitjmets taking place in 1874 The

challenge of this dissertation is to incorporate the history ofTta@sit Circlewi t hi n Ai r y ¢
various responsibilities as Astronomer Royal, and to demonstrate the obstaclesfétat in

the maintenance and operatioh the instrument as a result of his role as a scientific public

servant.

®“Doron David Swade, ¢6Calculation and Tabulation in the
PhD dissertation, University College Lond@®03).

“John Cawood, 6The Magnetic Crusade: ISBJ0:4£(0F% 492 nd Pol it
518.

“Mi chael Hoskin, ©6Astr on o meJownaldottheWistory of SspondmB0:3vs Sheepsh
(1989), 175212.

?JEKemedy, O6Airy and tNeveBrmswickbeundary (1848 & 4 FolMdal of e

Astronomical History and Heritag®:1 (1999),38 7; and Mi chael Kershaw, 606A thort
geodesyd: m6raeswich longiudempealectrietl e g rThedBhtiéh, Journal for the History of

Science47:4 (2014), 63660.

3 Jessica RatcliffThe Transit of Venus Enterprise in Victorian Britdirondon and New York: Routledge, 2016).
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6. Airy, instrument makers, and engineers

An important theme within the scholarship on Airy has been his engagement with
instrument maker s. Such r e siesestcahce lnowlbdger i@ d e m«
technology. Thethree ol ume hi st ory of the Obser &t obpy u:¢
explain his interest in designing and making various mechanical contrivances found around the
buildings. * J i m Bennet't d esmioteractionsa with dhorolagists,y and the
improvements he introduced into the design of clo@khaldecott similarly described the
collaboration of Airy with Charles Vincent Walker related to the introduction of platinum into
the Greenwich timsignals syem.® Gi | | i nd s book expanded upor
demonstrating the underlying political affiliations and the power relations implied by the
different designd’Hos ki n6s work on the South vs Sheeps
connection between Ajr Edward Troughton, and William Simm¥The relationshipbetween
Simms and Airy was further deftthefolmerdnddhomas| eano
Ginnbs di ssert at-¢cemtury aisans lara wenrof snientceaneeradteld with each
other.”® By drawing upon such works, this dissertation adds a more analytical dimension to
interpreting Airyos i ntleaskseyiinstrumentimbkers suchsag r u me
Troughton & Simms were preferred by the Astronomer Royal over others,tevegh their

competitors offered products and services that were supported by the ninetzently British

"* MeadowsRecent Historyp. 6.

“Jim Bennett,h| O6AGeroyr gaenAiBnalslodi@ciengsd:¥ (6980), 26285.

“John A. Chaldecott, O6Platinum and PlateumG®etasRevieivch syst e
30:1 (1986), 287.

" Gillin (2017).

8 Hoskin (1989).

9 Eleanor Mennim(ransit Circle. The Story of William Simms (172860) (York: William Sessions, 1992); and

Thomas W. Ginn, O6Philosophers and artisans: The relati
London 18201860 (unpublished PhD thesis, University of Kent, 991
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astronomical community. In doing so, the dissertation provides an analysis of what principles

served as the basi s f oeteenthceriugydutish astranermhersu me nt 6 a

The dissertatiomalsoe x pl or es Airydés i nter act, whooontibutedh t he
in the construction of the heavy and large parts ofTitaamsit Circle Even thoughmost of the
information related to the construction of timstrumentsurvived as letters exchanged between
Airy and this firm, no attention has yet been paid to these docunBynéxploring the history of

the mechanical parts of the Transit Circle, tissertation also adds to thestory of telescopes

by paying equadttention to the mounting, the body, and the optical parts of the instruBust.

a history of telescopes and astronomical instruments is yet to be written, thdighiesearch

has een carried out and published in articlé®oks, andchapters byBennett, Chapman,
Hingley, King, and Orchistorf’ Following the path of these historians, the dissertation
demonstrateshat the materials out of which théransit Circlewas made and the dgs of its
mechanical partsvere exactly the unique features that were displayed and exhibited to the

astronomical community as the technological advancements embodied within the instrument.

8 Allan Chapman is also a leading name in exploring the history of the graduation of circles. The divided circle was

a crucial part of the Transit Circle and its history will be explored in Chapter 2 of this dissertation. For histories of

dividing circles Allan ChapmarDividing the Circle: The Development of Critical Angular Measurement in
Astronomy 1500 800 (London: John Wiley & Sons, 1995); John Br
Development in England 1730 8 4 Bndals of Sciencd? (1992), 104135; Jim Bennet{The Divided Circle: A

History of Instruments for Astronomy, Navigation, and Survef@ndord: Phaidon Press, 1987). For discussion on

the body, casting, and mounting of telescopes and astronomical instruments see KIng (200A1 | an Chap man,
of the meridian: John Birdés equatorial sAnmdsoff and the
Scienceb52:5(1995),434 6 3; Pet er D. Hi ngley, O06The Shuckburghs of £
oftheEm | i s h mdhe Antiquarigndstronomer (2013), 1740; and OrchistonThe English equatorial

mounting
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Fig.7. Portrait of Airy holding a doubleéimage micrometer eyepiece that he designed1852, NPG, D7188
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7. Theoretical approaches

The theoretical influence of object biographeéesd assemblagaem the approach of the
dissertation has already been mentioned in this inttomlu However, two other theoretical
approaches also greatly influenced the research and analysis of this history of the Transit Circle.
The impact of ActoiNetwork Theory (ANT) on the fields of Science and Technology Studies
and History of Science cannbé underestimated. This dissertation borrows severtiedfey
methods of analysis and investigativom all three First, it borrows as its starting point the
extension of symmetrical significance in the historical examination of both human and non
human object$! Within the framework of ANT, the actions of ndluman entitiegi.e. actants
affect the network and its other members just as much as any participating humaff Astant.
result, norfhuman entities have to be taken into account into any analysis to the same extent as
human entitiesThe way in which it affects histories of science and scientific instruments is
twofold. It shifts the attention away frow scientist instrument makeror any other human
centred understanding of an instrument, and instead examines how the instrument and its
limitations also shaped the actions of the network. As Lorraine Daston stated, such an approach
allows for incorporating the voice ttie thing (and the things that surround the thfid).recent
exampleoft hi s wi thin the context of aAiclaop glasx hol ar

springs which entered into amaterial dialogué with the objects through their technical

8 For an overview of the extension of the principle of symmetry to encompagdsuntam entities too, see John

Law, OActor Netwomk Teemooyiasd, MaTheNBw Blazkwell Eompaniontmer , (e
Social TheorfOxford: Blackwell, 2008), 14158.

82 Originally, ANT studies used this principle to include animals within their analysis. The most commonly cited
exampletothisi€al | on6és study on the domestication of scallops
Sociology of Translation: Domestication of the Scallop
Power, Action and Belief. A new Sociology of Knowd&jgociological Review Monogra8%, (1986), 19€33.

8 Daston (2002), p. 11.
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analysis® This dissertation attempts to listen into the material dialogue between the Observatory
staff and the Transit Circle through the internal notes that were preserved among the Airy papers.
Furthermore, it views the i nsetffreeasitieercampanisnod &6 r o
astronomerg’ In the case of the Transit Circle, this means a focus on how the materiality of the
instrument reacted to the touch of the observers, and to the repair and maintenance work carried
out by the instrument makersyB hi ghl i ghting the active part:.i
instrumentin such interactionsthe dissertation demonstrates the entanglement of human and

northuman entities that eproduced the history of the Transit Circle.

The second important elemeasf any ANT approach is its focus on following the actants around

as they interact with other members of the network, and how they bring in new members to the
existing network® An actant in circulation shows the wide scale and scope of the networks with
which it engages, and through the absence of the established environment and routines
surrounding it, an object in circulatiohighlights the key aspects of its taken for granted
interactions within its usual netwofkThis history of the Transit Circlshowcaseshis network

of interaction within which the instrument was embedded. However, the challenge posed by the
Transit Circleto this approachis in its fixednaturealong the meridiaf Yet, it is precisely its

fixed nature thatibcuhgsti 6notbfthbefil osal umen

#Bulstrode (2018). The conceptBlanda Cdlenard&amasaSanchbz Griado,gue 6
OVul nerability Tests: Matstt er P Mmedenosti@ak2015), 140Mat t er 0 i n

8 Tresch (2010), and John Tresd@ine Romantic Machine: Utopian Science and Technology after Napoleon

(Chicago and London: The University of Chicago Press, 2012)

8 Bruno LatourReassembling the Social: An Introduction to Adtatwork Theory(New York: Oxford University

Press, 2005) pp. €32.

8 In relation to the maintenance and repair of instruments, sesmSin®c haf f er , 6Easily cracked
i nstrument s i nlsis 1024 (2041), 30G17dIn relatien poahie cirbulation and transport of objects
see John Mcaleer, 6fiStargazers at the mpoeaidthkbs endo: t e

nineteentlc e nt ur y Br The British Jodrngbfor the Wistory of Sciene:3 (2013), 389113.
8 |n fact, the instrument was never removed from the meridian since its installation in 1850 (despite other
instruments being moved outiihg the renovation of the Meridian Building).
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ObservatoryRather than transporting it into the workshops of instrument makers, it required the
members of the network to visit the instrument to make the necessary changes to it, or to simply
use it. As a result, the wider network of the Transit Circle almost always emerges through

examining the ®local circulationbo.

The analysis of the networks themselves provide another important aspect of ANT. Networks are
not only thesum oftheir membersThey arealsocomposed of the connectioasd the relations
between the entities. The maintenance of exigtations and the creation of new connections
supports or restricts the interactions between the actawiithin Airy scholarship several

studies have brought forward the importance of the networks within which Airy and the Transit
Circle interactedthough they did not followthe symmetrical focus on both human and fion
human entities in their analyses S mstadyod the Cambridge Network ofmen of science
demonstrated howhe lack of interaction between Airy and Adams led to the British delay in the
discovery of Neptuné® Studies of early nineteentientury mathematicians at Cambridge
showed how the intellectual environment of the network ath@maticians at the University
shaped what mathematical tools they applied to solve the problems they faced in their research
areas’? Hutchins similarly showed the important role that universities and the Greenwich
Observatory played in the training of astronomers, so that they could create further connections
within the wider network of astronomet$In relation to the Transit CircleSatterthwaite

demonstrated how the instrument was used and linked to positional astronomy, and therefore to

8 The Transit Circle deviated from its fixed nature only in two cases: during its construction, and when parts of it
were removed for repair.

% Law (2007), p. 8.

“Robert W. Smith, 6Thkeéei Gambiheégei s ksisaDs (18893820 ept une 6,
2 pAlex D. D. Crak,Mr Hopki nsé Men: Cambri dge Ref"€entry(eonddn: Br i t i sh
SpringerVerlag, 2008); Andrew Warwickylasters of Theory: Cambridge and the Rise offidenatical Physics
(Chicago and London: The University of Chicago Press, 2003).

9 Roger HutchinsBritish University Observatories7721939(Aldershot: Ashgate, 2008).
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the network of astronomers and observatories that engaged in such rés€hishlissertation
reconstructshe network of instrument makers, Obssory staff, men of science, and politicians

who interacted with and shaped the life of the instrument.

Besides ActoiNetwork Theory, the dissertation is also influenced by the recently renewed
movement among scholars focusing on maintenance (and rgpaafices.David Edgerton
highlighted the neetb analysemaintenance and repagsues n hi s Ot en ecl ect.
histori ogr ap HHis argumentfacusedn shifiing dhe attention of analysis away

from innovation to use, within whicimaintenance played a key role in stabilising the possibility

of continued use. His approach was expanded in his later DoekShock of the Qldvhich

included an examination ahaintenance practices within the history of technology during the
twentieth catury®® Renewed organised attempts at opening up maintenance as a general line of
enquiry began from 2015 onwards with conferences, special issues, and newspaper articles on
the subject’ Promoters of the approach, Vinsel and Ruskéhlighted that innovatiosentred

histories focused on change, while maintenaneent r ed hi st ories focus o
things the samé&® Denis, Mongili and Pontille called attention to maintenance studies bringing

forth the ¢ bothlhumam and nemuiman erititieq thereby linking the fragility of

“Gilbert Satterthwait e, Jdukalof stranondcatjstorg dand Heotaged!|(20G1)s t r o n o my
101-113.

“David Edgerton, 6From innovation to use: HSt@mymndecl|l ecti c
Technology, an International Journdl6:2 (1999), 114136.

% David EdgertonThe Shock of the Old: Tenology and global history since 19(@®ndon: Profile Books, 2006)

" The Maintainers Conference website offers a list of key resources (newspaper and research articles, as well as a
selection of papers delivered at their conferences), which can beeateagssp://themaintainers.orgAccessed 7

November 2018].

®BAndrew L. Russell, and Lee Vi ns eTechnologhdnd @uitur&ddf novat i on,
(2018), 125 (p. 13).
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entities with attempts to keeping things the s§h&teven J. Jackson labelled this approach the
Obroken worl d t hi nki nsgoéconsidehtheavbrld ot as a stabidity, r e s e ar
but rather as an ewehanging system, which requires constant repair and maintenance from
people who engage withit° Within the history of science and astronomy, such questions were
translated into questions of expertise and into considerationghaf constitutes a working

i nstr ume narticlesehate South ss Sheepshanks debate demonstrated the differences
between astronomers about the definition of a working instrumi®&ntis (and later

Mc Connell 6s) studi es \esoaal prosessésuahd interestsdas malas t r a
legal proceedings) that determined the quality of an instruffé®.c haf f er 6s st udy
instruments of the Bombay observatory showed that knowledge about maintaining and repairing
instrument was considered rpaof the expertise of an astronomer, aading to put such

expertise into practiceesulted in disapproval from the astronomical commufiitin another
article, Schaffer argued that examining maint
and material disorders are interdepend®iThis dissertation adds to the existing literature by
expanding upon nineteentientury practices of aintenance and repaand demonstrates the

skills of instrument makers, Observatory staff, and astronapen which the maintenance of

the instrument relied. At the same time, the dissertation goes beyond the physical maintenance

by examiningalhowt athee0 fiadfdet he i nstrument was
% Jerome Denis, Alessarmir Mongi | i, David Pontille, 6Maintenance & R
Technoscienza®:2 (2015), 515.

W5t even J. Jackson, O6Rethinking Repairé, in Tarleton G

Media Technologies: Esga on Communication, Materiality, and Soci@@ambridge, MA, and London, England:

The MIT Press, 2014), 22340 (p. 221).

Myoskin (1989), and Michael Ho slaunalfor the Mistoryeof AstronofmpB o ut h v .
22:2 (1991), 174.79.

“Anita McConnell, 6Astronomers at Jouanalforthelistorwof ewpoi nt o
Astronomy 25:3 (1994), 21235.
¥si mon Schaffer, 6The Bombay case: astrondomealfsr, instru

the History & Astronomy43:2 (2012), 151.80.
104 5chaffer (2011), p. 715.
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calculations, and how the reputation of the instrument had to be managed in the eye of both the

astronomical community and the general public.

8. The noise of blotting papers

The major novelty of tb dissertation lies in its extensive use of the documents found
among the Airy papers. As was mentioned previously, historians have been using these
documents, but only very selectively, with studies focusing on eithersorgke or a small range
of files. This isnot surprisinggiven that the entire collection of Airy papers is claimed to take up
12 cubicmeters 1t reflects Airyods attitude towards
his friends jokingly stated that even blotting papers remairedtamong the documerfS.As a
resul t, hi storians face a | ot Ainoi seo when r
present due to the papers being preserved in the same system that Airy devised for cataloguing
them. Within this system, papergar c at al ogued based on the type
general topic of the documents and letters fell. For instance, in the case of the Transit Circle,
money requests for the purchase its parts can be found among the Naval Estimates (RGO 6/64
71), the opinion of the Board of Visitors about the instrument is placed within the Visitation
Papers (RGO 6/0), the plans of the instrument among the Correspondence on Instruments
(RGO 6/161163), letters exchanged about the construction and subsequerns mfpgaiamong
the Correspondence with Tradesmen (RGO 6/728), while maintenance carried out by the

local staff among the Papers on Moveable Property where the Reports on the State of the

WAugust De Morgan joked about Airy in a letter to Sir
pen on a piece of blottingaper, he would endorse the blottipgper with the date and particulars of its use and file

it away amongst his papeds. Quot ed i n Ro blgfe af SirR\lliaro Rowan IHan@tora wolells. |

(Dublin: Hidges and Figgis, & Co., 1889), p. 381.
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Instrumentsarekept (RGO 6/563). Even this brief list of folds excludes important documents
such as the papers related to exhibition of a model of the Transit Circle in Paris i(RIB55
6/442) or the occasional orders to assistants regarding the operation of the inst(RGént
6/33-41). This dissertation attempts to turn the scattered distribution of the documémta
strength of the resourcey arguing that it reflected how Ainjewedthe instrument itself within

the larger operations of the Observatory. Within this framitigg scatteed documents
demonstrate howhe Transit Circle was part of multiple networks of instrument makers, men of

science, and local staff who alitached different meaningsttee instrument.

The dissertation also revisits the official documents of the Observatory such Gsethevich
Observationsand its multiple appendice’8® Two descriptions of the Transit Circle were
published as such appendices: the first a few years after its instalktne second almost
twenty yearslater in order to include the changes made to the instrument. Besides these
descriptions, th&reenwich Observatiorand theAnnual Reports of the Astronomer Royal to the
Board of Visitorsserved as publications througihich the state of the Transit Circle and
modifications made to it were annually publisf®di/hile these official documents are useful in
providing the historian with initial guidance, they almost exclusively recorded the final changes
implemented intdhe instrument, as opposed to describing or justifying how such decisions were
reached. By complementing these sources with the Airy papers, the dissertation provides a more
complete pictureof the history of the Transit Circléhat encompassethe complexset of
decisions leading to thmodificationsmade to the instrumergnd brings to light what was

excluded from the official reports.

1% The Greenwich Observatioris the term used in reference to the published observations of the Observatory.
197 The Annual Rports of the Astronomer Royal will simply be referred to asiheual Reportin the rest of this
dissertation.
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Anot her starting point for the dissertation w
as an autobiogragh sincethe book was edited by his son, Wilfrid Ail}® The entire book is
interwoven with W I fridbés reflections on Air)\
Furthermore, he exercised control over wiwwasimportant or not for the bookor instance py
excluding Airyos refiaAs a resul, shedotobiographfieflegts mat t e
Wi | f r i d Wt an aumlaographyritten by GeorgeAiry would have looked likeWhere
George Airyos aut obi ogr ap lstyleis very dtyi andereatislalyjnost a k e n
as a list of events. It provides a very abundant list of actions as opposed to personal reflections

on why he made certain decisio@onsideringhis, the autobiography serves the same purpose

as the official documents: provides a guide for researchers on what places Airy visited, who he

was in contact with, and what scientific and technological issues he was concerned at the time.
The Transit Circle is mentioned several times in the autobiography within such atctmytex

providing information on the major changes made to the instrument over the years, the
interaction with i nstrument maker s during it
intention for new meridian instruments dating 6 years before the approwhefoonstruction of

the Transit Circle.

The second half of the nineteenth century produced a relatively large number of descriptions of
the Observatory, as well as articles related to its operations. Around 40 of these publications

mention the Transit Circle, with around 15 more among themctafte on the instrument in

As a result of this, the dissertation will consider W
((()egd.),Autobiography of  George Biddell Airn(Cambridge: University Press, 1896).
199 pid. p. ix.
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detail. The critical analysis of these descriptions will form paludpter6, which will discuss

how they contributed to the maintenance of the instruréergputation and status. A handful of

these works have been used bywreous hi storians to evaluate
Maunder s history of the Observatory is frequ
despotic factory managét® However, it is important to note that Maunder worked at the
Observatory durng Ai r y 0 |as Astaroiner Rogadh ras opposed to knowing Airy
throughout his entire life. Thialso has to be taken into account during his description of the
Transit Circle. Several pageshis bookare devotedo the Transit Circle, and its futions were
connected to the operations at the various departments of the Observatory. However, the Transit
Circle described was very different from the one installed in 1850, with its connection to the
Chronograph having become a standard practice, aretadgvarts of the assemblage of the
instrument (lifting machinery, collimators etc.) having been replaced. While lesser known,
Edwi n Dunki nos noredtontdmpaagyracauityDunkis was both a longme

member of the Observatory staff, andm@mne whooversawthe instrument for many years.
Therefore, his account of the instrument incorporates reflections on how the instrument changed
and what remai ned of its original state at
accounts are the vaus articles in magazines published by other members of the Observatory
staff during the second half of the nineteenth century. Since the focus of Wasstne
Observatory itself, the descriptions of the Transit Circle always included thoughts on how the

instrument fit within the larger aims of the Observatory.

HMOE Walter MaunderThe Royal Observatory
M1 Edwin Dunkin,A far off vision: a Cornishman at Greenwich Observatory: éitmraphical note§Cornwall:
Royal Institution of Cornwif 1999).
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Finally, the dissertation also draws on finstnd experience gained in the annual maintenance of

the Transit Circle at the Royal Museums Greenwich. My personal involvement in the task
allowed meto receive ghandson experienceof maintainng the instrument. | was also able to
witness how expertise and knowledge in relation to its maintenance was passed down over years
and put into practice every yead .s ulphpel iceodn sheyr v(
Satterthwaite, which was put together in the 1980%he safety concerns of nineteemtntury
astronomerdgocusing onthe instrument being exposed to heat or the bending of the telescope
tube due to its weight have been replaced wdlfety concerns focusing dhe individuals

carrying out the maintenance. Finalllge internshipat Royal Museums Greenwich provided me

with access to the curatorial documents related to Transit Circle. As it will be shown in the last
chapter, the question of whether the instrument could still be used as a relevant educational tool
or not played an important role in determining whether dusth be restored to an operational

order or not. By examining ithissue, the chapter will ask whether the Transit Circle was
transformed i nto a I¥idgéiastumentbyt with differemt purposesnii n e d

its use.

M2 There are two similar checklists that are among the records of the Curatorial Department of the Royal Museums
Greenwich. The first one is |labelled 6Procedure for ra
Refracting TransitCicl e (Airyb6s) OM/ TC.1 [3 October 1997]1). The s
Transit Circled and similarly described the maintenanc
May 1954).
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9. Outline of the disertation

The title of this dissertation highlights the two main themes that will be discussed in the
chapters. The tersnoversee and oversightere chosen to highlight the organisational aspects
that surrounded the Transit Circle. |t brings
Observatory based on a factory mentality and division of labour. Through these measures, he
exercised controlver every aspect of the Observatory business and placed under surveillance
both the astronomical labourers and the astronomical instruments. Thieewngref the
Observatory allowed for the largeale production of astronomical data that was charaateris
of positional astronomy and for ensuring a high level of reliability of the data prodiibed.
second meaning of oversightfees to the omissions andunintentional errors made by
individuals. As the chapters will demonstrate, ersord omissionsvereconsidered to be present
at every stage of astronomical labour avithin every entity that contributed to iTherefore,

Ai ryos o rogesseeing)d astromamical labour was set up in order to minimise the
possibility of such omissions and errof@versight)during the production of astronomical data.

The interplay between these two meanings of the word highlights the active dynamics that were
embodied in the tools of astronomical labour. For example, skeleton forms simplified
astronomical calculains to avoid the possibilitgf miscalculations, but at the same time they
were also double checked by the superintendents of the computer, highlighting the expectation of
errors from the computers. A similar interplay was embodied within the mateaftitg Transit

Circle too. Even though its construction incorporated the most precise techniques of the age, it
was designed with the possibility to measure its instrumental errors with ease. In this sense, it
was both a tool for exercising oversight (icentrol) and an entity that was expected to suffer

from oversight (i.eomission$.
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The second part of the title highlights the importance of focusing on production processes
in science and technology. The first two chapters of this dissertation disnudbe final forns
of scientific instruments are never achieved through a linear and single path. Instead, each step of
its production embodies in the materiality the decision of the individuals involved in the project.
This way, a focus on production pesses highligktthat there are always alternative paths that
the final form of the instrument can take. Comparing these alternatives to the decisions embodied
in the final material forms demonstrate why certain suppliers, materials, arrangements, or
techiques are chosen instead of others. In the case of the Transit Circle, it demonstrates why
Airy decided to use Simms as the supplier of the object glass instead of opticians from
continental Europe. Focusing on production processes also opens up theaxaxdkscientific
work. Such an approach demonstrates the various decisions that are made at every step of
producing scientific data. In the case of the Transit Circle, the approach illuminates its important
role in the production of astronomical tablesveell as in the processes that calculated time and
spatial positions. As the final chapter shows, with the retirement of the Transit Circle from
scientific work, the processes that produced Greenwich Time and the Greenwich Meridian
remained blaclboxed inpublications produced by the National Maritime Museum as well as in
the work of historians. This helped in maintaining the role of Greenwich Timettand
Greenwich Meridian abnked to scientific standards, even though the processes that produced
them have changed over tinRRather than considering time and space as already given entities,
this dissertation discusses how they were produced, and how questions about power and politics

wereembodied within their production processes.

50



The first and second chapteds$ the dissertation focus on the origins, design, and construction
process of th@ransit Circle The first examines the history of its object glésg.following the

object glassfrom its origins, the chapter demonstrates who were the instrument makers
considered for its making, and the extent to which they competed against each other. It
demonstrates the international competition between manufacturers of object glasses, as well as
Airydos personal preferences t owalradsshowhhow i nst r
the Astronomer Royal used O0economy and effici
offered by the instrument makers. However, Airy did not act alomeaking the final decision.

He asked the opinion of the Board of Visitors and foreign astronomers. He also exchanged letters
with his close friends (especially Richard Sheepshanks and John Herschel) to ask for their
advice. From the findings of the chaptéhe story of the object glass becomes more complex

than the simple purchase of the glass from William Simms, as itawdshas beestated in

official documents and Isdeen taken up by other scholls.

The secondchapter begins by investigating the history of the divided circle, which served as the
other most significant part of the instrument. It adds to the existing research on graduated circles
by focusing on the materials out of which they were made, and thebediain of engineering

firms to their production, as opposed to being an expertise of specialist instrument amakers
opticians Since the divided circle was partly made by Ransome & May and partly by William
Simms, its history serves as a useful exanfpledemonstrating the collaboration between
instrument makersSimilarly to the history of the object glass, thistory of thedivided circle

also demonstrates thahe production process of the Transit Cirafleould have also been

113 Eleanor MennimJransit Circle
H4gatterthwaiteAi rydés transit circle
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otherwis@'™ As the chapteshows Joseph WhitwortHthe Manchester based engineerd

industrialist previously absent from histories of the divided circhgs considered by Airy to

carry out the graduation of the divisioffe surviving letters in whiciry sought information

about Wh idividng rengihedseshadowedthe future tashes about standards and
precision. Similarly, the communications between Airy, Simms, and May show that the
construction process was not straightforward, andttiet reliedon each other in order to be

able to completehe variousstages of the production. Througte letters exchanged between

these three individuaglshe chapter highlights how Airy still relied on the expertise of engineers

and instrument makers, despite thec hol ar shi p considering him a
comparative analysis of Airyo6s interactions w
and wor kmend wor KFinajly, Aiorry 6tsh ee vfail rumg.i on of th
workmen shows uthe extent to which he trusted workmen that he did not have direct control

over.

Chaptes three, four, and fiveiscuss the years during which theansit Circlewas operational
(185:1 95 4) , but with a major f ocus85b188lfdneto year s
the large number of primary sources available about that time period. All three of the chapters

are framed under the larger themes of maintenance and repair of the instrument. Such an
approach matches the original aim of the dissertatiith the introduction of the concept of

assemblage by calling attention to the continuous alteration of the materiality and the larger

5 The statement emphasising the human decisions incorporated throughout the design of artefacts is from Everett
Hughes quoted in Susan Leigh Star, 061 ntSocaldPwhlds on: The
35:3 (1988), 19205 (p. 198).

st even Shapin, 6T hAmeritan SciestisZB:6 (@989, &586x i ci an o,
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organisational context of the instruméHtFurthermore, it continues to demonstrate the role of
t he Ohi dd e nithih thecelenyday usa of hé instument, such as the carpenters, chief

or works, computers, and lower ranked assistants at the Observatory.

Chapter three looks at maintenance and repair work related Toahsit Circlein its traditional

sense: alterains and modifications made to the physical materiality of the instrument. It
demonstrates that the assemblage of Thensit Circle continued to be expanded with the
addition of new parts, and its existing parts were replaced, substituted for new onedjfiad.

By doing so, the role of the instrument makers and engineers are shown to remain important
within the later life of thénstrumentoo*® Within such a framing, the instrumestshown to be

a longterm investment by the instrument makers as opposed to being a simptdf one

investment of time, resources, and energy.

Chapter four shifts the classical definition of maintenance away from the materiality of
instruments and towardkdir immateriality. It focuses on the measurements of the errors of the
Transit Circleand the reductions of the observations (calculations accounting for errors of the
instrument and other factors). The chapter contrasts the precision and accuracy étyaine
instrument makers through their tools, wittoseattained by astronomers and the observatory
staff through their calculations. It not only serves as a way to demonstrate the perceived
hierarchy between astronomers and instrument makers during #teenth century, but also

brings forth the philosophy of instruments and errors upon which astronomers based their

7 David EdgertonThe Shock of the Old: Technology and Global History since (ISf¥idon: Profile Books Ltd,
2008).;Andrew L. Russeland Lee VinselAfter Innovation Steven J. JacksoRethinking Repair

18C M. Lowne, The Object Glass of the Airy Transit Circle at Greenwich
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practices. Furthermorayhat | call calculative maintenance highlights both the material and
immaterial state of théransit Circle While ptysical maintenance engaged only with the
instrumentos materiality, calcul ative mainten
can be altered and modified with tools of mathematics via calculations. This shift from material

to immaterial allows tie dissertation to break down the direct physical boundaries of the
instrument, and to consider it outside the confines of the Transit Circle Roorm teach an

immaterial state, the Transit Circle (and its products in the form of recorded measuremasnts)
theoretically removed from its fixed position and circulated among Observatory assistants and
astronomers beyond thmundaries oDbservatory. This circulation of the Transit Circle in an
immaterial state highlights the network of individuals engaged in its calculative maintenance and

demonstrates the variety of shapes that its immaterial form took.

Chapter five takes upon the taek locating the immateriality offransit Circleoutside the
confines of the Observatory. This is examined throbghv it was communicagd to the
astronomical community and to the general public. The various mediums used for-the (re
)presentation of theastrumentare explored in both a comparative and a chronological manner,
interlinked with the breakdowns and the triumphs of the instrument described in the preceding
chapters. The definitions of maintenance and repair contobeexpanded within this @pter

by arguing that the management of the image of the instrument consisted of practices that
maintained the status and the reputation offitamsit Circlewithin the eyes of the audiences. To
demonstrate this, the chapter uses examples of how Airpmdsef to the criticisms that the
instrumentfaced, and how he attempted to carry out damage control using his network of friends

within the astronomical community.
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Chapter six focuses on two key stages in the life offtla@sitCircle. First, it demonstrates how
errors of the instrumentluring the nineteentbentury were reconsidered asigns of major
systematic faults by the beginning of the twentieth century. Second, the chapter shows how the
Transit Circlewas transformed inta museum object, and then exhibited to the visitors of the
Observatory as part of the National Maritime Museum (and later the Royal Museums
Greenwich).lt demonstrateiow the histories of the Prime Meridian and the Transit Circle
became almost completedietached from each other in the public imagimatiReurning to the
guestion of a biographical approach to scientific instruments, the end of the chapter questions
whether ceasing operations with thensit Circlemeant the death of the instrumentsonply a

transformation of its function into a different h&tage.
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Chapter ITrust in glass: The history of the object glass of the Airy
Transit Circle

1. Why does the construction process of the Airy Transit Circle matter?

Transit circles and other astronomigatruments are products of construction processes.
As artefacts, they do not appear out of nowhere. Instead, they are constructed (and later re
constructed) by individuals, tools, and machines. An analysis of the construction process of an
artefact reveal the constituent parts of its materiality and the network of relations upon which its
functioning relies. During the construction of an artefact, negotiations between individuals take
place in order to decide on néadditiorni prodacars enteror mo
into Omateri al di aloguesd with the §Thems us
difference between the intended plans for an artefact and its final form demonstrates the
di vergent paths that the artefactés construct
beginning of its life appears in a state of flux, or as aobgiossible alternative paths that the
construction process can takdn the words Susan Leigh Star, a history of an artefact
demonstrates that its 9 Topuitdfferenty]trk artefact appedre e n o

to exist in multiple immadrial forms at the same time. An analysis of the construction process

'!Material dialogue -dlioresctioanaled eact ooft hlei Sioemei ng to wha
history, but rather on the reciprocal interaction between the individual and the artefact. As such, the chapter

examines the interactions heten the artefact being produced and the individuals interacting with it. For a
contemporary example of this fimaterial dialogueo appro
2 For examples of scholarly works within the history of astronomical instrurtfeattslemonstrate the debates about

the various paths that a construction process can take, see Robert WTSenBipace Telescope: A Study of NASA

Science, Technology and PoliticsCa mbr i d g e, UK: Cambridge UniverBAty Pres
| arge ¢ hunk -iachmigdref thelgaac Newtoa TeBe&ope, 1948 5 Bhé Antiquarian Astronomer

6, 2012, 418.

3 Star, Introduction p. 198.
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reveals these multiple coexisting paths that the artefact can take throughout its construction and
the individuals who supported these different patRsrthermore, it reveals the ingation

bet ween the artefactds multiple forms, and su
taken over another. Finally, the construction process highlights the malleability of an artefact:
modifications are made to it by removing its compondntsjng them into waste, implementing

it into new instrumental arrangements, or through the attachment of additional parts.

The analysis of the construction process of the Airy Transit Circle similarly demonstrates the
multiple forms that the final inetiment could have taken. It calls attention to the frequent
negotiations between Airy, the instrument makers, and the members of the Board of Visitors
during the production proce38y doing so, this chapter shows that while Airy made the final
decisionsabout which ideas to implement into the design of the instrument, his decisions were
shaped by discussions he held with the various individuals involved in the process. Within this
framing, the instrument is shown to be the result of a collaborative eategs opposed to the

work of a single individual. In addition, such a collaborative framing of the instrument shifts the
focus of the attention away from final design features towards the interactions and the
negotiations between the various members i in the construction process. Through these
interactions, the chapter demonstrates how the instrument makers, the astronomical community,
and Airy himself shaped the Afinal formd of

operational in 1851.

* In constructionist approaches towards the history of science and technology, such as @emlysstrates the

different technological frames employed by different social groups (or individuals). See Trevor J. Pinch, and Wiebe

E. Bijker, &é6The Social Construction of Facts and Artif
Technolgy Mi ght Benef it Each Ot her 6, in Wi ebe EhBijker.,
Social Construction of Technological Systé@ambridge, Massachusetts: The MIT Press, 1993), pp440

®For a discussion on rukent nyakess sde Benesbearge tBiddelhAsry and Horblogy n s t
ChaldecottPlatinum and the Greenwich System of Fiignals in Britain Ginn, William ThomasPhilosophers

and Artisanspp. 207269; Gillin, The Victorian Palace of Sciengep. 214264.
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The analysis of the construction process is divided into three conceptual stages: planning,
construction, and installatidiiThe planning stage included the gathering of information on the
best design for the Transit Circle, the selection of the instrumerkers, and persuading the
Board of Visitors about the need for a new instrument. This stage highlights the competition
between instrument makers, the personal preferences of astronomers in relation to a new
instrument at the Observatory, and the infieef the instrument makers on the final design of

the instrument. The construction stage involved the actual making of the instrument. During this
stage the smaller design elements were negotiated with the instrument makers and new ideas
were implementednto the product. The last stage of installation involved setting up the
instrument inside the Observatory. As a result of the change in location, new individuals such as
the Observatory assistants became involved with the project. This change in theuaidiv
contributing to the construction highlights the active role of the Observatory \stadf have

been 6hiddené under the curr eninlbyef, eashtstagel i she
brought forth a different set of challenges that needdsbttackled by the individuals working

on the Transit Circle, and as a result defined different aspects of the final instrument.

® This is a further division of what Staudenmaier labelled as the construction and design stage of the history of an
artefact. See John M. Staudenmalierchnology's storytellef€ambridge, MA: MIT Press, 1989), pp. 1267.

"For i nst an c ehistor@sdf theeTransh @iralé (19850 2001) make no mention of the Observatory staff
being involved in the construction of the instrument.
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Fig. 8. lllustration from the official description of the Transit Circle showing the telescope tube, the -pigxe
(bottom left and bottom right), and the frame of the object glass (top left and top right)
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Dividing the construction process to three stages should be considered as a theoretically guiding
demarcation as opposed to easily distinguishable phases. Thedtagesverlapped or had to

be revisited in order to modify the initial plans. For instance, even though the object glass was
not yet procured, it was anticipated that work on other mechanical parts of the instrument could
begin, which decision demonstratin@ overlap of the planning and construction stages. Another
type of overlap occurred through the involvement of the same individuals throughout various
stages of the process. Besides providing advice on the design of the Transit Circle and on
possible sppliers for the different parts, both Charles May and William Singfigaire 9)
participated in the making of the instrument through the supervision of the work. Finally, the
Transit Circle continued to be modified after its installation, which signalghbatonstruction
process was only finished on paper, as opposed to in practice. These limitations highlight why
the division into three stages should only be considered as tools for theoretical guidance as

opposed to being reflective of three isolategssa

Despite these limitations, the theoretical approach also has its advantages. It demonstrates how
each one of the stages framed the Transit Circle in different ways. While the planning stage
required it to be positioned within the aim and mission ef @bservatory in order to convince

both the Board of Visitors and the Admiralty of the necessity of a new instrument, such
qguestiors during the construction stage became negligible. By focusing on the construction stage
only, the way in which such consi@gions shaped and became embodied within the instrument
would have been omitted. The construction stage brought with it questions about how to
implement the proposed designs of the Transit Circle, which led to the negotiations about the
differences betweethe imagined forms of the instrument. By analysing this stage, we are able to

highlight individuals who were more actively involved in the construction project than others.

60



For instance, it shows the active contribution of Charles May (the partner engirfR@nsomes

& May) and John Green (the carpenter of the Observatotwp individuals who are almost
completely excluded in the current scholarship on Airy and the Observatory. The final stage of
installing the instrument on site highlighted that thansit Circle had to be implemented into

both the material and the organisational context of the Observatory. It demonstrated that the
instrument was not thought of as an isolated entity within the institution. Instead, it was
considered to be part of a veidmaterial, organisational, and practical assemblage. In summary,

the three stages depict three different images of the Transit Circle.

-

Fig. 9 Portrait of William Simms
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The two main instrumennaking firms involved in the production of the Transit Circle were
Troughton & Simms and Ransome & May. They focused their efforts on two different aspects of

the instrument. While Troughton & Simms made the optical parts of ttrenmsnt (object glass,
collimators, and micrometers) and carried out the dividing of the graduated circle, Ransome &

May were employed imanufacturing the large pars$ the Transit Circle such as the casting of

the body of the telescope, the mercury gfowvith its counterpoises, and the lifting apparatus.

This and the following chapter also analyse A
firms. This chapter begins with the story of the object glass, since the Board of Visitors
considered itprocurement the first step in the making of the instrument. It tells the story of how

Airy interacted with the Admiralty, the astronomical community, and instrument makers in order

to have the most suitable object glass made for the instrument. The sbegber counters the

pri me significance of t he object gl ass by
mechanical parts of the instrument. By drawing upon the correspondence between the
Astronomer Royal and Charles May, it highlights the possible ratie paths that the
mechanical designs could have taken, and the extent to which May shaped the design and
devel opment of those parts. T h e-;grumentadion ofh a pt e r
the Observatory, which introduced instruments in tikeeines s of 6héasoy macl
embodied in the materiality of the instruments new networks of engineers to the already existing
net wor k of i nstrument maker s. Thereby, Airybo
mani fested it sen tfa’lbinalsg thr@ghdofmang important new connections

within networks of engineer$.

8 Newcomb,Reminiscencep. 183.

® Chapman Sir George Airy and the Concept of International Standards

YThisi s an expansion on the previous studies of Airyés t
the impact of the connections to emerging industrial networks that Airy introduced during his directorship.
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2. Planning the Transit Circle

The first surviving reference to the introduction of a transit circle into the instrumentation
of the Observatory can be tracedck to 1843, when Airy began contemplating the substitution
of the meridian instruments (the transit instrument and the mural circle) with one(s) that had
greater optical power.Between 1843 and the official proposal of the Transit Circle (in 1847),
Airy was involved in the supervision and the making of the equatorial and transit instruments for
the Liverpool Observator}f During the same time period, Airy also supervigeel construction
of a new astronomical instrument (the Altazimuth) for the Obseryatd n | i ght of t hi
involvement in these projects can be considered as testing grounds for both the quality of the
products and the working relationship with instrument makers. As we will later see, Airy made
references to the Liverpool project his correspondence with other astronomers. In these, he
argued that his (temporary) distrust in the Munich based instrument maker, Georg Merz,
originated from the Liverpool projettSimilarly, the proposal of an Altazimuth instrument in
1843, and the dsequent employment of Ransome & May and Troughton & Simms
foreshadowed the team of instrument makers that produced three of the major instruments

installed durinfg Airyodés directorship.

1 Airy, Autobiography pp. 157158.

2 yuto IshibashiJn Pursuit of Accurate Timekeeping. 478.

BGilbert Satt er t hwarhetAatiguartaAsiropoinss (2006}, 834 mut h o ,

14 Airy to Herschel, 27 February 1848, RGO 6/9 197.

15 The three major instruments being the Altazimutiriently in the collection of the Science Museum; object

number: 192948), the Transit Circle (currently in the collection of Royal Museums Greenwich; object ID:

AST0991), and the Great Equatorial (currently being used as the guiding telescope fomtpsadrh@aanch

Photographic Refractor at the Royal Greenwich Observatory, Herstmoricalligf which were made by the same

team of instrument makers. Airyds Reflex Zenith Tube (
number: 193%692)as 0 f or med parst rafmenmhatfimemd of t he Observatory
impact on the work of the Observatory was not as significant as those of the other three instruments.
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The official documents and publications of the Observatory teligathi different story about

the origin of the instrument. This story highlighted the importance of following the historical aim

of the Observatory with a focus on positional astronomy and contributing to the ever more
precise determination of longitud®T he i ni ti al idea of a new inst
transit instrumentfigure 10)was mentioned in th&nnual Reporof 1846 It identified the

small optical power of other meridian instruments at the Observatory as a general problem. With

the adlition of this note, Airy suggested the possibilityatdoreplacing the mural circlesvhich

were used in conjunction with the Troughton transit instrurtféfte problem of a small object

glass was repeated in tAenual Reportof 1847, but it was contéxalised differently. Airy

reported that the French instrument maker, Noel Paymal Lerebours offered to make the
Observatory oOthe | argest refracting telescope
to decline this offerHe argued that such anstrument would have distracted the attention of the
Observatory from the main oOplan of operati ons
defined as its main mission. Instead, it was proposed to the Board of Visitors to contemplate

wh et h e rionabimsguments carrying larger telescopes should not be substituted for those
which [t he Ob s’Rromahese ntwo repopvee canalsead§ see that the object

glass emerged as a crucial point of departure for the construction of the Tankt Its

i mportance was further emphasised by the Visi

YFor a summary on Airyds i ngihsmamission af the Qhses/atdryiseen al ast r
Meadows Recent Historypp. 2957.

" The Troughton Transit Instrument has been on display at the Observatory since its opening as a museum in 1967
(object ID: AST0982). After the installation of the Transit Girat was hung on the wall of the Transit Circle

Room.

18 Astronomical Observations made at the Royal Observatory, Greenwich in the yegt.a8d8n: Palmer and

Clayton, 1847) pp. 25265. The two mural circles were theddt Troughton Mural Circle instid in 1812 (in the

collection of Royal Museums Greenwich; object ID: AST0973) and a Jofuast 8ural Circle (its current location

unknown)

9 bid., pp. 266278.
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[the] Astronomer Royal to be requested to make further inquiries with respect to the size
and character of new instruments fitted for such purpgses observation of small

objects], and to report thereon to a future meeting of this B&ard.

Fig. 10 The Troughton Transit Instrument (RMG, Object ID AST0982)

Airy was very inspired by such a response from the Board of Visitors. Towards the end of the

year he started working on the preliminary designs of the Transit Circle at his countryside

20 Minutes of the Annual Meetings of the Board of Visjtb&7 RGO 55/1/1 101
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residence in Playford Ther e are ref er enc e slettdrsoto GharlessMay, d e s i g
but it is difficult to determine whether any of the surviving plans of the instrument are these. The
majority of the surviving plans seem to have been drawn up by the draughtsman of Ransome &
May (and by Charles May himself accardj t o Ai r y 6 s’ Haweven bfewaftha phy ) .
plans were drawn upon a different type of paper, and with less accuvhmh might be

Ai r ¥ Al of these plans played a crucial role as they became the basis for the small models

that were used foradnonstrating the instrument for the Board of Visitors in order to convince its
members about the need for the prof®eplansand t h
served two other purposes. First, like annotations found in books, they weretaised
communicate and exchange ideas between individualghis case, between the Airy and the
instrument makers. These were not only done through letters attached to the plans, but also
through comments written over the designs themselves. Secondatisedeimonstrate how the
instrument changed and transformed even before it gained its material existence. In this light, it
highlighted the instrument not as an object of consensus but rather as an artefact of contestation

which constantly changed its imreatal form.

2L Ary, Autobiographyp. 194. SeealsAst r onomer RoyRaGO s6/Rbur reanlt ry for 1 Jar
Circulars to the Visitors regarding the proposed Transit Circle. Drew plans and had consultations with Charles May
respecting it.o

22 pid.

% These plans can be found in the file Correspondence on Instruments, RGO 6/160.

24 Reference to this model can be found in Airy to Herschel, 5 April 1848, RGO 6/9 203.
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3. The role of the Board of Visitors in the purchase of the object glass

Before venturing further into the story, it is important to clarify the role of the Board of
Visitors under Ai ryads di rect or sopdargions of the Boart
Observatory in order to provide the Admiralty (the institution funding the Observatory) with
expert advicé> Through the Annual Visitations they supervised the work of the Astronomer
Royal, and in major projects (such as the construafaie Transit Circle) they provided him
with advice. At the time of the Transit Circ
Royal Society (the Marquess of Northampton), the President of the Royal Astronomical Society
(John Herschel), selectéellows of the Royal Society (John Lubbock, Captain William Smyth,
Reverend George Peacock, Dr William Whewell, Reverend Richard Sheepshanks), selected
Fellows of the Royal Astronomical Society (Charles Babbage, Samuel Hunter Christie, Sir
Francis BeaufortManuel J. Johnson), former presidents of the two societies (Sir James South
and Lord John Wrottesley), the Savilian Professor of Astronomy (William Donkin), and the

Plumian Professor of Astronomy (Professor James Challis).

As can be seen, the Visitonrscluded various established members of the scientific community,
who were not in an agreement on every issue. In fact, personal grievances against each other
often affected their meetings. For example, James South and Richard Sheepshanks engaged in
one ofthe most dramatic disagreements on the quality of British craftsmanship, which in turn
divided many members of astronomical community, including Charles Babbage antf Airy.
Babbage also had more reas@nnurture his disapproval okiry. While Airy was stil in

Cambridge, he was appointed instead of Babbage as the Lucasian Professor of Mathematics in

BFor a history of the Board of VisiobPhe Bmard &\fryiosi tde
Royal Observatory | | Guarterly Journal of the Royal Astronomical Soci&yl (1967), 33453.
%6 Michael Hoskin,Astronomers at war
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18262’ Furthermore, after becoming Astronomer Royal, Airy acted as a scientific advisor to the
government, through which he did not support the renewal ofriugdi f or Babbageds d
engine”® In brief, while the Board of Visitors existed to provide expert advice to both the
Admiralty and the Observatory, their members were not in unanimous agreement on every
matter. However , o0 nanenSouthAarelywattesdednie Visitations, whichi ¢ s ,
helped to alleviate the major disagreements between the mefhidéirst h  Ai ryés appoi |
Astronomer Royal, the Boardodés function slight
were given the abilityo issue instructions without the need to consult the Board of Visitors

first.*® With this change, Airy had the opportunity to bypass the Board of Visitors in certain
matters. This was rarely exercised, and the members of the Board were generally consulted
before making major decisions. However, as we will see, in the case of the object glass of the
Transit Circle, Airy did not consult the Board when justifying the choice for its supplier. Instead,

he applied directly to the Admiralty for funding with agifisation offered in the form of a price

comparisort’

The Annual Visitations with the meeting of the Visitors were held on the first Saturday of June.
However, Airy called for an extraordinary meeting of the Board in January to discuss his
proposal for a new meridian instrument. Prior to this meeting, Angulated a report that was
going to be discussed by the Visitors. In this report, he highlighted his general plans for a transit

circle. Before the meeting, he received responses from various members Bbattthat

Si mon Sc leaucdsianrprofeséofship 182863 96, in Kevi n Coakaé(edsffromnd Richar
Newton to Hawking: A History of Cambr i d@aembridge:i ver sityos
Cambridge University Press, 2003), 294

28 Doron David SwadeCalculation and Tabulation

9 Laurie, Board of Visitors p. 339. WherSouth attended the Visitation again in 1853, Airy noted in his journal with
surprise that #fASir James South came Axntortorh@ame mgRdbdyeaxlnd sa
Journal RGO 6/25, entry for 4 June 1853).

30 | aurie, Board of Visitorsp. 336.

31 Airy to H. G. Ward (Secretary of the Admiralty), 17 April 1848, RGO 6/73665
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included both support and constructiceticism on the shortcomings of his plaffsLord

Wrottesley pointed out that the approximate cost of constructing the new instrument was not
mentioned in the circuldf.James Challis reported back on how he used the Northumberland
Equatorial to make mational observations, thus attempting to direct the conversation towards

the procurement ad nonmeridianinstruments?’ Richard Sheepshankgure 11)responded in

most detail. He was the son of a wealthy textile manufacturer, a Cambridge graduate, and a
lawyer by original profession. However, his background allowed him to devote his time to
scientific research and to take active part in the scientific community and to build up close
relationships with instrument makersAiry and Sheepshanks shared thensaclose circle of
friends that Agnes Mary Clarke referred to a
became close friends dur i ng?> TheirpyogRimity alawed ent vy
Sheepshanks to share his personal thoughts with Airy enTtansit Circle. His response to
Airyds |l etter stated that the | arger size of
instrument to observe fainter celestial objects, noting that other variables also had to be
consideredduring the consuction of the Transit Circle. On the other hand, he also pointed out

that if the telescope was well built, then the larger object glass could increase the optical power

of the telescope and extended the observing range with about two magnitudes. lenadigied

that in order not to waste the potential of a larger object glass, he preferred to use it as part of a

transit instrument as opposed to as part of a transit circle. By doing so, he was arguing that

32 The letters and the circulated report related to the meeting can be found among the Visitation Paji&481845

folder RGO 6/9.

33 Lord Wrottesley to Airy, 11 Jaruy 1848, RGO 6/9 158.

34 Challis to Airy, 10 January 1848, RGO 6/9 157.

®l'llustrative of Sheepshanks®é proximity to instrument
Ormshby Macknight Mitchel, in which he is introduced as the charaittiegsn the corner of the workshop of

Troughton & Simms. See F. A. Mitch&@rmsby Macknight Mitchel: Astronomer and Gene(Bloston and New

York: Houghton, Mifflin and Company, 1887), pp.-93.

¥Agnes Mary Clar ke, ®Rtiomatyae Naion®Biegeghy hankso, i n
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constructing a transit circle instead of a tramsstrument was too much of a risk with respect to

the quality and size of the proposed object gtaS$iree years later, an article written about the
Observatory by one of Airyodés friends, James [
the Univesity of Edinburgh), similarly highlighted the risk that Airy took with constructing a
transit circle instead of a transit i ®¥mtrumen
addition to the Visitors, Airy asked the opinion of established neembf the astronomical
community. An exampleof this was the response from Professor Schumacher, founder and
editor of the international astronomical journ@étronomische Nachrichten He cal | ed A|
attention to the need to test the errors of the megocollimating telescopes measuring the
deviations of the telescope tube, since the temperature changes were going to affect several parts

of the Transit Circle, such as the easist axis and the piefs.

The responses Airy received allow us to refigmbn several aspects of the history of the Transit

Circle. First, thg show the role of the Board of Visitors in the construction process. Its members
both supported Airyds proposal by swuggesting
offered altenative directions. Second, these suggestions demonstrate that the final design of the
Transit Circle was the outcome of a collaborative discussion taking place among several
members of the astronomical community, as opposed to being the product otargingtiual.

Third, as a result of the multiplicity of suggestions, the responses depict what issues were
significant for the members, and how each individual framed the issue of the object glass
differently. For example, while Lord Wrottesley was intéeesin the financial side of the

purchase, Sheepshanks emphasised the need for reliability with regard to deriving the

37 Sheepshanks to Airy, 9 January 1848, RGO 6/918M and Sheepshanks to Airy, 11 January 1848, RGO 6/9
160.

Bl James David For bes ] EdinduigaReviepApa 18500208386r(pv 365).0r i e s 0,
39 Schumacher to Airy, 4 February 1848, RGO 6/9 166.
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performance of the object glasSimilarly, while Schumacher highlighted the importance of
measuring the errors of the telescope, Chdkiscribed alternative instruments and methods in
which Airyés aim could be achieved. I'n bri e
embodied unanimous consensus; instead, it brought forth the various technological frames within

which the artefacteven at its immaterial form) was interpreted.

Fig. 11 Portrait of Richard Sheepshank4855

While Airy received mixed responses in terms of the direction which he should take with
construction of the Transit Circle, the minutes of the January af&ing reveal that there was
an agreement among the membab®ut the need for a new instrument that allowed for the
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observation of fainter celestial objects. In fact, the meeting finished with emphasis on procuring
the object glass for the instrument #® first step to begin the project, and in turn the
Astronomer Royal was assigned the task of finding out and deciding who to purchase the object

glass from*°

4. Trust and distrust in glass

The making of high quality object glasses was a secretivadtasgkg the first half of the
nineteenth century. ™seuniversally acclaimed to be of the highest quality were made by Louis
M. Guinand*! However, Guinand was not alone in attempting to create higher quality object
glasses. In 1805, he joined the craftsrard opticians at Benediktbeuern. This establishment
later included individuals who during the nineteenth century rose to prominence as opticians and
instrument makers: Joseph Fraunhofer, Joseph Utzschneider, Georg von Reichenbach, and Georg
Merz** The malkng of optical glass in Europe was monopolised by this establishment until the
1850s. Astronomers sought to order object glasses from Benediktbeuern in order to ensure the
reliability of the final product® However, this also resulted in higher prices mg) production
times. Guinand did not spend his entire life at Benediktbeuern. He left the workshop in 1814 and
returned to his home in Switzerland. Although he gave up object glass manufacturing for a few

years, his appetite for the craft returned angpsad various instrument makers and opticians

0 Minutes of the Annual Meeting of the Board of Visitd January 1848, RGO 55/1/1 103.

“"The summary of Guinandés |ife is based on 6Some Accou
canbn of Neufchatel, in Switzerland, read at the Society of Physics and Natural History of Geneva, 8rofhe 19

Febr uar Yhe QUadefyl@urnall9, 1825, 24458.

“For a history of Fraunhof er 8 s SpactrumioBelief ®nehe impact aiehr e d i kt b
history of Merz telescopes, see lleana Chinnici (&dexrz Telescopes: A Global Heritage Worth Preseryidgam,

Switzerland: Springer, 2017).

3 JacksonSpectrum of Beliepp. 6, 9597, 101108, and 120.
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with his glasses (Jean Lerebours, Roldgtiae Cauchoix, Charles Tulley, Georges Bontemps,
Noel Paymal Lerebours) which resulted in the dissemination of his work into the hands of a new

generation of opticians

While the secrets of Guinand and the opticians at Benediktbeuern were not revealed, other
nations were keen to learn the secret manufacturing proc&ssesBritain, astronomers
considered the products and skills of the optician Peter Dollond to be superior to his continental
competitors during the late 18th century. However, with the emergence of the Guinand
Benediktbeuern axis, the British scientific amunity gradually concluded that the British
opticians produced glasses of inferior quality. One way in which the scientific community
attempted to tackle this problem was through governifuerited research into the improvement

of object glass production dkniques? While the project was considered a success, the
developed process was still unable to achieve the quality of Guinand and Benediktbeuern
glasses. In light of this, British men of science made several offers to the Benediktbeuern
workshop for thesecrets of their manufacturing process, but all were rejét&gthe middle of

the nineteenth century, the gradual dissemination of the technique to England was helped by the
employment of the French optician Georges Bontemps by the Chance Brothersthwigik

Birmingham?’

Given the historical context for object glass manufacturing, it was no surprise that Airy quoted
only the price of a Merz object glass (an instrument maker and optician from the Benediktbeuern

dynasty) as a guiding estimate in his R8cember 1847 circular to the Board of Visitdts.

**Ibid. pp. 99170

“Melvyn C. UsselmarMi chael Faradayodos Use of Platinum
“6 JacksonSpectrum of Beliepp. 99170.

“"|sobel ArmstrongVictorian Glassworldsp. 54.

RGO 6/2.
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Reflective of this, on 18 January, just three
letter to Airy urging the Astronomer Royal to purchase the object glass from Merz. Sheepshanks

was well awae o f ot her opticians, and |listed three
Pari so, and No e Despieytimase lalterhatives Bheapshanks.firmly supported
ordering an object glass from Merz, due to the quality of the alternative sobeces

unreliable®

Opposi ng Sdadveq Aty deol&rexd dis determination to order the object glass from

William Simms: 6[doddB 6r mBis i c amc hpadkting laveutd gl as s
prefer i t t o °!Hehftetheopnoeided three MaintsZor jdistifying his selection of

Simms: ofirst, on the principle of ostracism,
because | do not thiATkhet He rise [fMasodhci(dSmdler tpa

was not explained by Airy further. It seems to refer to his attempt to exclude Merz from the
competition for the object glass. If that was the case, then the statement appears as a direct
reaction against the monopoly of Merz, and a conscious sufpmoriding his competitors
(especially British ones such as Si mms) . Airy
referred to the high price which the Bavarian optician requested for the object’glhss.
reflected Airyos ebgthe gostmfeanprojed twaslgeen jusy Asemuch

i mportance as the final r el i asbundentainty cam be t he

interpreted i n various ways. | 5 empleass o the her

“9 This was possibly a reference to Henri Guinand, son of Pierre Guiwhndvorked atue Mouffetard in Paris
from 1842 No letters are found among the Airy Papers between Airy and Henri Guinand during the341846
period.
0 Sheepshanks to Airy, 18 January 1848, RGO 6/9 169.
5iThe underlines are Airyds original emphases. See Airy
5 .
Ibid.
%3 Airy repeatedly emphasised the high price quoted by Merz in later correspondence with opticians, astronomers,
and members of the Admiralty.
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reliability on the quality® t he opticiandés product s, or refe
going to agree to the making of the object glass (a point, which later will play a crucial role in
Airydos decision). Despite all of theks€oopoi nt s
his ground. He continued trying to convince Airy about the benefits of ordering the object glass

from Merz, and about a rivalry between Merz and Simms fostering healthy competition and
elevating the status of Simms as a supplier of object glaSsiesvever, Airy was set on his

decision, and to close the discussion he repeated that he was planning to order the object glass

from Simms if he o6will make a right g®od gl as

5. William Simms and theifich objet glasses

S h e e p sshnaigtekce On Merz was somewhat surprising since he maintained a very
close contact with Simnm.lt was exemplified by the South vs. Troughton & Simms debate, in
which Sheepshanks offered to defend the instrument makers in thetlavesight against them
by James SoutH.With this close relation in mind, one would have assumed that it would have
been Sheepshanks as opposed to Airy insisting on procuring an object glass from Simms. In
order to shed more light on this matter, itville | p us to refl ect upon Air

Simms regarding the object glass.

> Sheepshanks to Airy, 24 January 1848, RGO 6/9 177, 178.

% Airy to Sheepshanks, 25 January 1848, RGO 6/9 179.

*¢ Besides the close ties to instrument makers, Sheepshanks was also an expert in the technical aspects of telescopes.

As an example of this, he wratge entry on transit instruments in thenny Cyclopaedia

>" For discussion on the debate see Hogkatronomers at WaHoskinMor e on fSout hppvl74 Sheepsh
179; and McConnellastronomers at War: The Viewpoint of Troughton & Sippps 219235.
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Af ter Sheepshanksds first l etter, Airy wrot €
willingness to make an object glass for the Transit Circle. In this lettexnihasised that

S i mmaddantage at this stage lay not in his quality of craftsmanship, but rather in his ability to
prepare the object glass within a short perio
el ement in our arerxanrgetmetnhtastd itfo tshuecrhe awnmas t he
quarter [of the arrangements], w&Thmemphasi®f nec
on time pressure is surprising, since the urgency for procuring the object glass was not
mentioned inthe conclusion that the Board of Visitors reached in relation to the Transit Circle
project. Therefore, ti me pressure was ei the
suggestions, or as Airyods personal wecessfaz r enc e
soon as possible. It is worth keeping in mind that Airy at this point still maintained the view that

the construction of the instrument could not continue any further until the object glass was
finished®As a resul t, i n Aé projedtssecuringdae objett glass quickly o f
also had the practical advantage of construction work on other parts of the instrument beginning

sooner.

Simms accepted Airyés conditions for the orde
new shipmenbf glass discs was going to arrive at his works¥fdpis important to note here

that while Merz made the object glasses himself, Simms imported thdiseimed discs from

France and then modified and polished them according to the needs of his clie®$ snms 6
reliance on other sources for object glass could have been considered as another issue of

reliability from Airybés part, since with an e

%8 Airy to Simms, 22 January 1848, RGO 6/721 827.

%9 However, Charles May later clarified that the work on various mechanical parts of the instrument could begin
even without possessing the object glass. See Airy to Charles May, 28 February 18487 RIG&R26.

€0 Simms to Airy, 24 January 1848, RGO 6/721 829.
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of the object glasses. Despite this, Airy was adamanSinans had to be given a chance, which
insistence demonstrated the trust and the close connection that existed between the instrument
maker and his client. In the same letter, Simms reassured Airy about the quality and the rapidity
of the process by desbmg the high quality of discs received through previous orders. In
addition, he promised to work on the object glass personally, so that it could be finished by the
end of Mayat the latest’ Since this answer from Simms was received on 24 January, it
expained why Airy decided to close further discussions with Sheepshanks (on 25 January) about

alternative suppliers to the object glass.

Il n | ight of Airydés insistence on giving Si mm:
important to discuss vete such reliance on the instrument maker originated. The proximity
between Airy and Simms began when Edward Troughton took the latter as a partner in his
business. As a result of the partnership, Simms frequently worked for orders made by Airy,
dating asf ar back as the astronomerdés directorshi
Cambridge Mural Circle (1832) and the Northumberland Equatorial Telescope (1840)). Prior to

the proposal of the Transit Circle, Simms collaborated with Ransomes & May on rapio¢hef
Airyds commi ssi &8ime Airy wae pleAded itk themAltazimuth instrument,

t hat project can be considered as an i mportar
ability to cooperate with other instrument makers. YetyArs emphasi s on hi s
Simmsés craftsmanship (as found in his |etter
reasoning in a different light. Rather than focusing on their previous projects, he highlighted the
quick production processpgd quality, and low price offered by Simms. These factors resemble

the major points that Airy also emphasised in the construction of the Northumberland Equatorial

61 ||;
Ibid.
62 gatterthwaiteAi r y 6 s App.B394.i mut h
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for the Cambridge Observatory, where he summarised them with the concepts of economy and
efficiency®*Such factors demonstrate Airyoés mindset
the principles of industrial standards (as a

defining principles’

William Simms began working on the object glasssaon as he received the first shipment of

lenses from France in late February or early March. When Airy wrote to the optician to ask about

the progress made on the object glass, Simms replied with both bad and go§d Texbad

news made it clear thalhe glasses received were so imperfect for the task that the instrument
maker had to return them to France. Therefore
he explained his alternative plan, which was to perfect an object glass that wadycurriist

possession a solution that according to the optician promised ¥a¥hi | e Ai ryods res
this letter did not survive, Simmsdéds next | et
soon as the weather clears up, | shall submitannrBc h obj ect gl ass to you
|l etter also provided additional informati on a
[glass] is one of those formerly in your hands but it has been reworked and | have obtained it a
piece of Englisk r own [ gl as s ] by which the performance
was | intended f or®The callege in Amgetica referred\ tm in the leteer. wias

almost certaint the University of Alabama, which did not receive it;\8h equatdal telescope

from the instrument maker until 1849 (the only other instrument being prepared by Simms at the

B61f | may interpret your Graceds wishes, it is your d
t hat economy s ho ultodukk ef Nathumemnadde 4Septembed 1834 RGO 6/157.

% Simon SchafferAstronomers Mark Timepp. 118119.

&5 Airy to Simms, 8 March 1848, RGO 6/721 832.

% Simms to Airy, 9 March 1848, RGO 6/721 833.

67 Simms to Airy, 28 March 1848, RGO 6/721 839.
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time that carried an-Bich object glass})® The way in which Simms decided to solve the
problem surrounding the object glass demonstrated botraltilgy to identify the factors
significant to Airy correctly, and his level of commitment to maintaining a good relationship
with the Observatory by giving it preference over the purchase and use of products made for
other clients. The failure with theriginal shipment of glasses also shows that the initial
promises and work of Simms were not fully reliable. Despite this, Airy maintained his trust in

the instrument maker, which ultimately led to Simms prioritising one client over another.

Before testingthe object glass, Airy asked Simms to specify the price, which signalled the
Astronomer Royal 6s equal emphasis on the cost
the purchas€®Si mms 6 s as ki n gwhighraécarding hira was lAv@e0tlBan thetwal

time and resources put into its makifigfter the successful trial of the lenses, Airy offered
A275, whi ch Si mms accepted. However, t he b a
information about a third opticiamho was also mentioned by Airg be in competition for the
Transit Circle project, Noel Pay mal Lerebour s
than that held at by Lerebours and lower than that of Merz (who, for saying that he has a
monopol vy, i s v ’'é®nge aganwe see that forAliry thee )pricé of the object glass

was significant factor in its purchase, and he acted upon the basis of his principles of economy

and efficiency.

®Thisi s assumption is based on two sources. Menni mds bio
8-inch object glass being made in the workshops of Troughton & Simms at the time. See Meangih,Circle

Reference to an-Bich refractor supplie by Troughton & Simms to the University of Alabama was made in Gene

Byrd, and Robert Mell own, & AnSkAand Telbsedp5(1683)QlhF16 (p.v at or y i
113).

%9 Airy to Simms, 3 April 1848, RGO 6/721 843.

0 Simms to Airy, 3 April1848, RGO 6/721 844.

1 Airy to Simms, 22 April 1848, RGO 6/721 8Bb2.
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6. Lerebours and the historical aim of the Observatory

As Sheepshanks pointed out in one of his early letters on the project, having instrument
makers competing for the object glass gave Airy a strategic advantage during the negotiations.
Airy pressedthis advantage by repeatedly compgrithe prices offered yb the different
opticians. With this in mind, it is important to look at how the interactions and negotiations with

bot h Ler ebour sscampdtitonsortie obje& glasshtodk place. By analysing the

Afailedd negotiati omew Avier ygbest par edleirnepnscee si nateor
interactions with other i nstrument maker s, 3
negotiations.

Noel Paymal Lerebourffigure 12)was a French instrument maker who is best remembered

today for his dagerreotype<? He was also one of the opticians who was able to procure object
glasses made by Guinand. As a result, he also engaged in making telé$tbpefirst contact

between Airy and Lerebours can be traced back even before the proposal for gieCirele.

In 1846 Lerebours offered to make the largest equatorial telescope in existence for the
Observatory, but Airy declined the offérln the Report to the Board of Visitors of 1847 he

stated the reason for rejecting the offer as preventing distnaicom the meridional work of the
Observatory, which Airy considered to be the historical aim of the institution. Despite this, Airy
and Lerebours continued to keep in touch thro
Airy wrote to Lerebours &ing whetherhehad d&éan obj ect gl ass™ of 6

L e r e bs@agents r@sponded positively in two consecutive letters, the first one stating the

2 This speciality of his was remarked by even Sheepshanks when Airy mentioned that the French optician reached
out to him. Sheepshanks to Airy, 22 March 1848, RGO 6/920@0

3 King, The History of the Telescope. 179.

* Greenwich Observations of 1848p. 254265.

> Airy to Claudet, 4 August 1847, RGO 6/719 665.
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instrument maker was in possession an 8 | I nc
inch object glasse® However |, the responses coincided wi
Observatory, which caused significant delays in his respdiwen Airy finally responded on
21 September, there was no more enquiry about-iher8object glass, tithe asked for more

information about the 6 inch object glasées.

Fig. 12Image showing Lerebours (far left)

In these negotiations, it is important to keep in mind the sizes of the different object glasses. The

object glass of the Airy Transit Circle was 8 inches, while the one being negotiated by Airy with

S Claudet to Airy, 6 August 1847, RGO 6/719 666; Claudet to Airy, 14 August 1847, RGO 6/719 669.
""Main to Claudet, 16 Augst 1847, RGO 6/719 670; Pellen to Airy, 21 August 1847, RGO 6/719 672.
8 Airy to Pellen, 21 September 1847, RGO 6/719 672.
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Lerebous was a 6 inch glass. There are thpessibilities that could explain the differences in

sizes. First, perhaps Airy wanted to employ different makers for the mechanical parts of the
instrument and for its optical parts. This id
forthepriceof t he object glass in a simple tube wit
to construct an astronomical instrument around the object glass, as opposed to ordering an entire
instrument from the French i nsdgotiatioms with Merza k e r .
the same question (arich object glass without the instrument) was asked from him too. If this

was the case, then it highlighted that the Astronomer Royal had already in mind the employment

of another firm (possibly Ransome & Maigr the manufacturing of the mechanical parts of the

Transit Circle. The second possibility was that Airy considered purchasing an astronomical
instrument different from a transit circle. This possibility was brought up by both Challis and
Sheepshanks andt this point, Airy had not yet specifically proposed the construction of a

transit circle. The third possibility was the purchase of a smaller telescope that required a smaller
object glass. This would explain why Herschel discouraged Airy from beginmork on the
construction of the mechanical parts of the instrument, since they argued that the focal length of

the lenses was going to determine the size of other parts of the instruments (e.g. the telescope

tube or the size of the lifting apparatus).

The negotiations about theiich object glasses progressed as far as discussions about their trial.
Airy asked whether they could be tested prior to purchase at the Paris Observatory or in London
by either Airy himself or a person appointed/sent by hinhil®/Lerebours agreed to these
conditions, there remains no surviviegidence abouvhether the trial had taken place or not.

The | ast reference to it was madesdgentseated et t er
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that the foggy weather had limitégeir ability to send out the object glass for testing at the Paris

Observatory?

The next time the object glass resurfaced in
written on 22 February 1848. This was a few days after Airy had dectaredde r s ¢c h e | t ha
negotiations must be stoppédith MerZ6% but before Simms received the first shipment of

object glasses from his French supplier. This shows us that Airy was constantly looking for
possible alternatives, even when he clearly dedlareh i s pr ef e rsebjectglas§tor Si m
both Herschel and Sheepshanks. In the letter Airy provided an official rejection of any further
negotiation regarding thé-incho b j ect gl ass due to O6conference
| nst ead,dot hdei réeaclttieorne of t he | et &irchobjecfglesdli sed o1
Airyds next | etter to Lerebours was written o
before Airy purchased the object glass from Simms. The questions asked of kenafiected

Ai ryds concerns t hat had already been highl
Sheepshanks: (1) the price of the object glass, (2) the condition for it to be purchased only after
trial, (3) the conditions of trial, and (4) the time ibwd take to finisif? Despite these questions,
Airyds next | etter stated t hat,asagesuit,dhedwasrmotund a
going to proceed any further with the negotiati®tishe halting of the negotiations was not

taken kindly byLerebours. The French instrument maker ended up accusing Airy of backing out
from an actual order . However, to counter Ler

evidence referencing their correspondence demonstrating that he never placed aandrder,

“See correspondence between Air68.and Lereboursé agent,
8 Airy to Herschel, 17 February 1848, RGO 6/9 192

8L Airy to Pellen, 22 February 1848, RGO 6/721 424.

82 piry to Pellen, 27 March 1848, RGO 6/721 426r.

8 Airy to Pellen, 7 April 1848, RGO 6/721 428.
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repeatedly specified that he had only made enquiries as opposed placing®ohdtersthis
exchange, no further letters seem to have survived coming from or going to Lerebours or to his

agents.

The negotiations with Lerebours highlighted several Sigamt aspects of the history of the

object glass. First, it demonstrated that Airy had been in contact with the French instrument
maker about an-Bich object glass even before he proposed the Transit Circle to the Board of
Visitor s, t h e s iatbrgst irs dorstvuctinggthe Mstrunyedt as far back as August
1847. Second, the story demonstrated Airyos
showed Airyodés distrust in the work of Mer z,
encouragqg Airy to always have alternative options open for the supplier of the object glass. In
addition, since Airy had written to Lerebours only a few days before he finalised his offer to
Simms, it questions the extent to which the Astronomer Royal reafliettulSimms throughout

the entire negotiations. In this light, while at the beginning of the project Airy was a strong
supporter of Simms, due to the poor quality of the first shipment, and the use of an alternative
object gl ass, Ai rryedbso ulrast es hcoowetda ctth ewi Asht rloen o me

trust in Simms.

Airydos attempt to | ook for alternatives serve
during this stage of its history. It first demonstrates that the object glass could agrealsed

in a different form, and that between January and April 1848, the object glass of the Airy Transit
Circle existed in three alternative forms sir
one in stock at Ler eb cuwasngtobeoordéredbyoMerz. Secandly, o n e

the correspondence with Lerebours further repeated the factors that Airy considered important in

8 Airy to Lerebours, 13 April 1848, RGO 6/721 430.
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relation to purchasing the object glass. The four themes of price, conditions of trials, trial before
purchase, andime necessary for preparing the object glass were the recurring factors
emphasised in Airyods |l etters about the object
Airydos manageri al mental ity towards pbdeckto const
being involved only in the quality testing of the object glass. Finally, the Lerebours
correspondence demonstrated Airyosbyatresttdker ence
appointee, which highlighted Airyodés attempts

process to assure the quality of each part of the Transit Circle.

7. Negotiations with Merz

Besides Lerebours and Simms, Airy also correspondedtigingith Georg Merz(figure
13). Whil e extracts from their correspondence v
is necessary to take a look at what aspects of the original correspondence were omitted from
these secontland accounts. Furtheare, the analysis of the original letters to Merz allows us to
see the differences and the similarities between how Airy approached negotiations with various

instrument makers.

The Astronomer Royal first wrote to Merz on 31 January 1848, thereby makimg second

|l etter to directly refer to the object gl ass
t he Royal Ob s er v&In this ietterp Airy a8kee threendf thén foud recurring
guestions relating to aspects of the object glassrow much time it would take to finish an 8

inch object glass 2) whether Airy or one of his deputies could test the object glass either at

8 Airy to Merz & Son, 31 January 1848, RGO 6/721 438.
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Munich or at Bogenhausen 3) how much would the object glass cost (without the tube or any
other mounting). The l&cof a questions relating to the conditions of the trial of the object glass

shows that Airy did not think that it was going to be an issue

Fig. 13 Portrait of Georg Mei@ndated)

It was MerzO0s response tchngitonsofahe srial,dvhich kater wasu r mo i
discussed between Airy, Herschel, and Sheepshanks. In this letter Merz stated that he only
allowed trial on his own mounts (all of which were equatorial mountings) and on terrestrial
objects. Merz argued that thisae because they could only guarantee the quality of their own

tools during the tesf§.Airy was discontent with this response, since the conditions of the trial

set by Merz did not take into consideration that the object glass was intended for a tr@asit ci

which required a nogquatorial mounting. Furthermore, Airy wanted to try the object glass on

celestial objects as opposed to on terrestrial objects only.

8 Merz & Son to Airy, 7 February 1848, RGO 6/721 439.
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Airydos response was dated 21 February.s It IS
initial answer and this letter, Airy wrote to both Herschel and Sheepshanks, asking them about
their opinions on the conditions of the trial set by Merz. Both of them continued attempting to
reassure the Astronomer Royal about the quality of the objecteglasmde by Merz.
Furthermore, Sheepshanks suggested that Airy clarify to Merz the intended use of the object

gl ass in order to avoid future miscommunicat
clarified that 6t he o0b]a patallactcl imssument| [butd fo an n o t |
instrument of a different cl ass®Bjdoingso, Aryr ansi t

was attempting to renegotiate the conditions of the trial.

Merz replied confirming that Airy understood clearly thegoral conditions of the trial set by

the instrument makers and, whil e understandin
being possible on terrestrial objects as they did not have a proper mounting for trial on celestial
objects. Instead, Merzlee d f or Airyds trust based orf® the p
Following a montHong hiatus in the correspondence, Airy notified Merz about finding another
supplier. However, unlike in the case of Lerebours, the letter left the possibilitytuwk f

purchases from Merz opé&h.

The letters exchanged between Airy and Merz highlight several new aspects of the history of the
object glass of the Transit Circle. Most importantly, it shows that Airy seriously considered
purchasing the object glass fravterz, thereby illuminating the competition that Airy induced

between instrument makers for the Transit Circle. However, this strategy of making instrument

87 parallactic mountings were used to support an equatorial telescopes, while the Transit Circle required a different
configuration for its mounting. Airy to Merz & Son, 21 February 1848, RGO 6/721 440.

8 Merz & Son to Airy, 28 February 1848, RGO 6/721 441.

®This ending also raises the possibility that if Lereb
instrument maker would have had a good chance of supplying the Observatory withlabgs o the future.

Airy to Merz & Son, 7 April 1848, RGO 6/721 442.
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makers compete against each other was not A
Therefore, thecompetition and Airy following the suggestions of Sheepshanks in his
negotiations with Merz, further bring into light the influence that Sheepshanks had oft Airy.

The Airy-Merz correspondence also demonstrates what Jackson identified as the diminishing
power of Merz by the middle of th@neteenth centuryThe high price of his object glasses, the
inflexibility regarding trials, and what Airy considered to be pservices, were all factors
contributing to the eventual di mini shing of
ostracise Merz showed that at least one member of the astronomical community actively and
consciously made attempts to do this. Finallg, létters showed the importance that trust played

in the purchase of instruments and object glasses. While Airy trusted Simms (even after the bad
first shipment of object glasses), he was less patient in his negotiations with Merz. When Merz
eventually appal ed to Airyodés ‘trust, It showed that
di strust that Airy held against him. We can g
distrust by looking at the letters exchanged between Airy and another onefoémis, John

Herschel.

®Despite his influence on t hAstrofdmdrsrabwasornteirc |Reosy,a | S h ebeepssi hdaen
within nineteentkcentury scientific communities has very rarely beensidered.
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8.1 SNEOKSf Qa FIRAAOS YR KAa &dzZlR NI 2F aS$

Besides Richard Sheepshanks, Airy wrote to John Herschel too on several occasions to
seek advice on the purchase of the object glass. Being the son of William Herschel, the famous
pioneer in astronomy, John Herschel was brought up in a family and circle of friends closely
connected to both men of science and instrument makers of the nineteenth ¥@yut§48 he
had published his results of the observations made more than a dedateatéine Cape of
Good Hope in South Africa, which increased his already high standing in the British
astronomical communit}? Educated at Cambridge University, he became a core member and
role model of the 6Cambr i dByethe tihetAiwostaked hio f me r
undergraduate studies at Cambridge, Herschel had already left the university, but George
Peacock (one of Airyos close fr ivAftedtherfirstnt r od u
meeting, a friendship developed, which formaliset even more frequent interactions after

Airy was appointed Astronomer Royal.

During 1848 Herschel was a member of the Board of Visitors by being the President of the
Royal Astronomical Society. However, in the purchase of the object glass for thé Giarls,

his role went beyond that of an ordinary Visitor. Rather than only asking for his initial and
overall thoughts on the project, Airy repeatedly contacted him for advice, or to simply share his

own thoughts with someone. Besides their friendship,d Her schel 6s experti s
of astronomy, Herschel also had prior experience in dealing with both continental and English

instrument makers, which all owed sdpinionjontheo r el y

For a discussion on John Herschel6s upbringing see Em
trainingé (unpub limpsrial€aolegf bobdordlilly.s er t at i on,

“Stephen Cmaeksoéo6fanbe uneilveargsaeion:s tJ othhne Hoearcskeghr ound of p
Annals of Scien¢&2:4 (2015), 41-A34.

“For a case study on how t he f Chke@émbiddegNetworkkéntAatioppp.k © oper a
395422,

% Airy, Autobiography p. 38.

0
b
0
d

89



gual it yspomductsMe mzy@®@s desire for a second opini
straightforwar d diadviter hutsrdtherj anpre@utiencbp Airly basekl srohis
previous experience with Merz The British Government asked
observatory at Liverpool. His role was to order the new instruments for the observatory. To do
so, Airy ordered one of the instruments from Mekz we will see, Airythoughtthe quality of

the instruments received to be worse than expected, but still good enough for use. Furthermore,
there were minor complications regarding the payment, as Merz and his English clients
calculated with different exchange rates when it came envidg the final price of the
instruments. As a result, Merz contacted Airy demanding the rest of the money. However, Airy
was only able to settle this with the involvement of Hersclveb was also in the process of
paying for his own purchase at the & In brief, the AiryHerschelMerz triad had interacted

with each other in the past, which memory Airy seemed to have preserved clearly in his mind.

Airyds first |l etter to Herschel concerning
Arycopi ed a | ong séetter regarding the coonditiond/a the thal of the object
glass. The extract described how Merz only carried out trials on terrestrial objects, and with
mountings different from those used for transit circles. Therefdezz was only allowinghe

sale ofthe object glass without the condition of trial. This condition was not in accordance with
the terms set by the Board of Visitors who made it clear that the object glass had to be tested
before purchase. This was a prefeze shared by Airy too. Based on these complications, and

the unusual conditions set by Mer z, Airy di

O |

f

t h

r e

seems| think that all proceedings®with him must

% For the lettes exchanged between Airy, Herschel, and Merz see RGO 6/155.
% Airy to Herschel, 17 February 1848, RGO 6/9 192.
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Her s c h e Is&®was very sapmoand diplomatic. He began by pointing out that if he were to
purchase a telescope for private use with @mcB object glass he would order one from Merz

without hesitation since others also had dealt with Merz and were well treateds o eaAi r y 0 s
worries further, Herschel proposed to wait until a recent purchase from Merz by the Royal
Observatory at the Cape of Good Hope arrived and Thomas Maclear, the director of that
observatory, had tested the object glass. Herschel promised thati@gavtound the object glass

to be of poor quality, then he would never say another word in favour of Merz. However, if
Maclear found the object glass of good quality, then the word of another director perhaps could
change Airyos opi fnisleed the Idtter myadmphasisingHiee ringportared of
procuring an object glass before the construction of the Transit Circle started, since he presumed
that the tube could not be Odédexactly construct
focall ength [of tHen dbjiedt, d¢lhasosu]g.hd Her schel 6s f
gl ass we see that neither Her schel nor Sheep
Perhaps most surprisingly, Herschel did not mention whether the tpstiogdure for the object

glass quoted by Airy was an unusual way or carrying out the trial or not. Therefore, Herschel
seemed to have found Airyos mai n concern un
Maclear and opportunity to test another Merz instrunteghlighted a hierarchy of credibility
within the astronomical communi ty, and Hersch

involving views of another astronomer of high repute.

Airy responded to Herschel 6s marigng the statetohtee n e x t

negotiations and outlined his analysis of di

% Herschel to Airy, 26 February 1848, RGO 6/9 119%5.

91



gl asses sold as mounted on his equatoreal S
equatoreal mounting arhe @altvwaeys htarnuds, t wooMetrhzy . voi
object gl asses which are sold without an equ
equatoreal mounting are not al ways trustwort|
Airy continued by refutig the former side of the argument. Referencing the order for the
equatorial telescope for the Liverpool Observatory, he found that the object glass supplied with
the telescope was 6énot so perfect as we expec
argument (whether the object glass was going to be supplied (a) with or (b) without the
telescope) guaranteed the high quality of the
of this, we see the important role that the quality of previooslymts and services played in

long-term interactions between astronomers and instrument makers. The rest of the letter refuted
Herschel 6s doubts about not having the object

highlighting tbéat theowar ge ( por t-akis, rclgmp cigle,er s,

graduated <circl e, mi croscopes and collimating
glass®™®
Airyds next |l etter to Herschel aboutacbuple obj e

of days before confirming the purchase of the object glass from Simms. In this letter, Airy
provided a detailed account of the trial to which he subjected the object glass. However, the

|l etterbés main aim was already clarified in th

% Airy to Herschel, 27 February 1848, RGO 6/9 197.
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| would be glad to have your friendly advice, not for the purpose of relieving me from
any responsibility or for of excusing me from the necessity of judging myself, but for my

own clarification®®

I n these first l i nes, Airy attempted to chan
could consider the letter as an exchange between two friends as opposed to being an official
correspondence. The | ett erofdstornu 9 tn siewatk, Whaoh G s c r
was based not on his own observations, but on the ones made by William Simms who carried out
the first trial of the object glass of the Liverpool Equatorial. The letter described how the initial
method of the trial was not adexa for Airy, and asked Simms to carry out a trial on celestial
objects too. After the second trial, Si mms
description we now see a third source for his distrust in Merz emerging. However, unlike
previous onesthis was based entirely on the method with which they did not test the object
glasses on celestial bodies, as opposed to on the unreliable quality of their previous final

products.

The rest of the letter provided the results of the trial in great dstaiéscribing the extent of the
visibilities of several celestial bodies. At the end of this description, signaling the good quality of
the object glass, Airy proceeded to ask Herschel the following two quesiNms:do you not

think it would be well topurchase this object glass at once? Or do you suggest any other

examination as necessary or desiraif8?

9 Airy to Herschel, 5 April 1848, RG®/9 201.
100 Ajry to Herschel, 5 April 1848, RGO 6/9 202.
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In brief, Airy seemed to be very keen on purchasing the object glass as soon as possible, but
wanted a second confirmation from Herschel, in ordeensure that he did not overlook
anything during the trials. The letter then finished with two practical solutions that Airy wanted

to implement into the Transit Circle: one correcting the chromatic dispersion of the light, the
other focusing on a desigorfthe eyepiece that allows it to be tilted so that the chromatic effect
caused by the imperfection of its centring could be corrected. This addendum demonstrated that
Herschel was not only involved in advising on the supply of the object glass, butnatee o

optical arrangements of the telescope.

9. Conclusion

The story of the object glass provides us with new insights into the history of the Transit
Circle. It demonstrates that several instrument makers were considered as possible suppliers of
the object glass. In light of this, the procurement of the objassghas not as straightforward as
it was described in thé&nnual Reportsand the official descriptions of the instrumenpon
which later scholarship based the history of the Transit Cittlurthermore, the inclusion of
instrument makers from continehtaurope showed that the Observatory was not only embedded
within the British network of instrument makers, but also within the wider European one. Each
one of the possible suppliers excelled in different aspects of their offers: Lerebours offered the
chegest glasses, Merz had a global reputation, while Simms offered to make it in the shortest
amount of time. With Simms failing on his initial promise (by not receiving good shipment of

|l enses from France), Ai ryods de ghtferwaadrdecisian. e mp | «

0l gatterthwaiteAi r y 6 st rpalBOsLiownethé abject giass of the Airy transit circle at Greenwiop.
44-45,
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The fact that Airy wrote to Lerebours just a few days before Simms finally prepared the object

gl ass for testing, demonstrated the Astronome
work of the English instrument maker. Howev8rj mms under st ood Airyos
and quality, and the rase of an object glass from another work in progress $eghtie priority

that the Observatory (and the Astronomer Royal) enjoyed in the workshop of the instrument
maker. This act demonatrt e d S knowiedgé based on previous experience on how to
interact with the Astronomer Royal in order to secure the producfiemrelation to the work of

Mer z, Airyds distrust based on prior work | €
instrument maker, which once again demonstrated the important role that the previous contacts
with the Astronomer Ro ysaluctapde to nlerdhe corditions of he mo r e
trial of his object glass according the wishes of a prospective diient, we | | as Airyos
the quality of his work exhibited the first signs of the loss of the credibility in the products of the
instrument maker, which eventually led to his diminishing monopoly over the making of object

glasses®

Airyds preferences for the order brought for
which factors were also prominent in the running of the Observatory as a factory. He emphasised

the inseparability of time, money, and quality when deciding upersupplier. By doing so, the

principles and standards of business were not only implemented into the rules and division of
labour set up at th®bservatonbutwer e al so embodi ed within Airy
the construction of instruments atkebir parts. The analysis of the early correspondence relating

to the object glass further showed that it was not only Airy and the instrument makers who were

involved in its procurement, but the members of the Board of Visitors too. By receiving advice

192 Ginn, Philosophers and Artisangp. 207269.
103 JacksonSpectrum oBelief, p. 174.
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from them,two of its members were able to shape the direction that Airy took with the
negotiations. In light of this, the procurement of the object glass was a collaborative enterprise

between Airy, the instrument makers, and selected members of the Bdasdms.

The interaction between the Airy, the instrument makers, and the members of the Board of
Visitors also highlights how and why Airy ovens the business of the Observatory. Most
importantly, close oversight of the productiprocess was important because of the unreliability

of the instrument makers. By being closely involved in every stage of production, Airy
maintained the option to delegate the task to another supplier. In addition, since Simms was
already engaged in tlgeneral maintenance and repair of the instruments at the Observatory, he

was in frequent contact with Airy, which allowed the Astronomer Royal to receive regular and

quick news on therogress of the order. This chapter argued that it was precisely b&ause

failed to regularly provide information to Airy that Lerebours and Merz were contacted at the

| ater stages of the negotiations. By doing so

the selection of suppliers, but it was also a source ofghtened anxiety.
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Chaptery 9y IAYSSNAY3I ! ANBEQ& h@SNHEAIKIG

1. Introduction

The object glass was considered by the Board of Visitors as the starting point for the
construction of the Airy Transit Circle. While the procurement of the lensesavsagificant
step in the process, it did not mean that production of other parts of the instrument could not
proceed. This was possible because their sizes were not dependent on the final dimensions of
the object glass. The aim of this chapter is tom@ra the history of those subsidiary and fnon
optical parts. In addition, it continues to reimagine the Transit Circle not as a single instrument,
but as an assemblage of multiple smaller instruments and mechanical parts. Finally, the focus on
the divided acle and the pivots of the instrument will bring forth the significance and the
contribution of the firm Ransome & May (and especially the role of Charles May), which has
been |l argely simplified in past st ugwitd s of
instrument makers.
In the official description of the Transit Circle, Airy distinguished between three categories of
components that made up the instruments: massive, optical, and graduatéd@padsstinction
between these three categorieshhghted the differences in the specialisation of the two firms
(Ransomes & May, and Troughton & Simms) contributing to the construction process.

Troughton & Simms focused most of their attention on the optical parts: the object glass, the

! Airy to Charles May, 28 February 1848, RGO 6/721 526
George Biddell Airy, o6Description of the Transit Circl
Greenwich Observations 1866868), p.2.
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illuminating sysem, the collimating telescopes, the microscopes of the Western pier. By
contrast, the massive parts were made by Ransome & May who were specialists in the
manufacturing of agricultural equipment. These parts of the instrument included the telescope
tube, the pivots, the mercury trough, the counterpoises, and the lifting apparatus. The third
category of graduated parts highlighted the collaboration between the two firms. For instance,
the circular support for the divided circle was cast by Ransome & Mayt imas Simms who
inserted the silver band of the circle and graduated its divisions. Similarly, the pivots of the
Transit Circle were made at the factory of Ransome & May, but the examination of their
accuracy was carried out by Simms, who also advisey Bh how to achieve even better
accuracy. This chapter will use these categories to examine the interactions between Airy,

Ransome & May, and Troughton & Simms.

The attention in this chapter will mainly be turned towards the firm Ransome & May and other
engineers. As a result of this, the chapter will begin with an overview of the history of the firm
and how they developed relations with Airy over the years, which led to their employment on the
construction of the Transit Circlen addition, the chapterwill highlight the competing
definitions of accuracy that were employed by engineers, opticians, and astronomers, through the

considerations of different instrument makers and engineers for the task of dividing the circle.

The chapter then investigates tbenstruction of the pivots of the Transit Circle. While often

taken for granted, making them as cylindrical as possible posed great challenges to instrument
makers. Its history highlights the significance of the pivots in transit instruments and transit
circles, and i1illustrates the competing defini
makers and astronomers. The chapter then directs its attention to what Airy labelled in his letters

with May as the subsidiary machinery. The discussion about éneuny trough and the lifting
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apparatus shows how Airy and the instrument makers considered the Transit Circle as an
assemblage of multiple instruments and parts, which thinking was later showcased at exhibitions
too. By complementing the history of thevidied circle and the object glass with the briefer
histories of the smaller parts of the Transit Circle, the chapter demonstrates the multiple stories
that the different parts of the instrument can tell. Furthermore, by focusing on how these parts
were comstructed, it demonstrates that the Transit Circle was more than just the sum of its parts.
Instead, it also referred to the relations between the multitude of parts. These relations will be
highlighted through the discussion on the errors made duringraotish of smaller parts, which

inevitably led to delays in installing the Transit Circle.

Finally, the chapter will close with a brief analysis of the piers and the walls of the Transit Circle
Room. The piers themselves had supported the two muralscihadéethe Transit Circle replaced,

and they serve as an example to how the materiality of the instrument embodied the historical
lineage of the meridian instruments at the Observatory. Meanwhile, the walls demonstrate the
significance of including the raoo itself as part of the assemblage of the instrument. By
considering the history of the various parts of the Transit Circle, the chapter will challenge the
underlying assumption that object glasses should be taken as the starting points for the analysis
of a history of a telescopénstead, in the case of complex astronomical precision instruments
such as the Transit Circléhe multiple parts of thenstrumentswere given equal significance
throughout the construction process. In this ligistronomical pecision instrumentappear as
assemblage of equally important parts, all of which contribute to both the perfection and

imperfection of the installed instrument.
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Fig. 14. lllustration from the official description of the Transit Circle showing taege parts of the Transit
Circle: the mercury trough (bottom right) with the two counterpoises attached to it, and the liftin
machinery on the top of the pier (top middle)
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2. Airy and engineering

Before venturing any further into the history of thechanical parts of the Transit Circle,
we need to consider Airyds position within th
the nineteentlt e nt ur vy . The current scholarship on Air
with instruments after thewere purchased. Most commonly it is based on @reenwich
Observationdisting him as an observer for only a few observations. Despite this, there have
been several articles on Airyodos engagement wi
Arthur J&d k Meadows in his history of Airyds dire
should be considered an engineer m&gwho enjoyed coming up with mechanical designs for
problems$Thi s becomes visible through timktooemtries
which Airy recorded engaging in the constant adjustment and maintenance of instruments around
the Observator§.Another example came from Allan Chapmanh o si mi | arly hi ghl |
0t echnical geniusd as aonshiplye maiotainedwaiit engineersfar@r t h
instrument makersFo |l | owi ng Chapmands framing of t he r
public servant, we reach further connections to engineering. As a scientific adviser to the
Government, Airy was part of the Ral Commission on the Railway gaujee was consulted

for the construction of the Tay Bridgée criticised the structural design of the Crystal Palace

® MeadowsRecent History18361975) p. 6.

“For Airy adj-tostGreat ZenitP ubedseesRGD 6/24 12: entry for 8 November 1836; for Airy

inspecting and trying out St Helena instruments see 7: 28 June 1836 and 10: 14 September 1836; and for Airy

adjusting a clock b¥pent, see 13: entry for 20 Jan 1837

®Al'l an Chapman, 6Science and t he?2)Bndthé Concepbaf @StientfiGe or ge B
Civil S &cience,rPolifics and the Public Good: Essays in Honour of Margaret Gpedndpy Nicolaa#\.

Rupke (Basingstoke and London: The Macmillan Press, 198&2 3p. 40).

® Adam PerkinsExtraneous government busingsp. 143154.

" Roy MacLeod Government and Expertise: Specialists, Administrators and Professionals1288(Cambridge

University Press, 2003), pp. %4
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built for the Great Exhibition of 1857he was involved in the correction of compasses on iron
shipslfand provided advice on the usef uf®ifahes of ¢
definition of engineering can be extended to instrument making and the mechanical arts, then
Airydos engagement with the fi el dulaboutactivehs even
clock makers; played a significant role in the -miilding of the Palace of Westminster,

designed the original plans for many of the instrument of the Observaiwag consulted for
supervising the purchase of instruments for other observatSrigaticipated in South vs

Troughton & Simms debaféand contributed for the technical development of telegraphic time

signal distribution through his interactions withlwaiy engineers® The esteem in which he was

held as an expert on issues of engineering was highlighted by the appraisal of his skill by

| sambard Kingdom Brunel. He stated that Airy
mat hema'fin & simlarappr ai sal remarking the inventi.
Stuart recalled how the Observatory was fille

There was nothing with which he came in contact that he did not improve and illuminate.
For instance, the wh® of the Observatory was full of his inventioingloors which shut

by contrivances of his own, arrangements for holding papers, for making clocks go

8 Malcolm Millais, Building Structures: From Concepts to Desidrylor & Francis, 2005), p. 295.

°C. H. Cotter, O6George Biddell Airy andnnhlsosSciereec hani cal
33:3(1976), 26274 C. H. Cotter, &é6The ear | schiretshryy cAnfralss hivie r ma/ g
of Science34:6 (1977), 58%99.

19 swade Calculation and Tabulation in the Nineteenth Century.

“Bennett, 6George Biddell Airy and horologyb.

12 Gillin. The Victaian Palace of Science.

Bsatterthwaite, 6Airy and positional astronomydd.
“'shibashi, 6ln pursuit of accurate timekeepingbo.
“Hoskin,.6Astronomers at war 0.

Chaldecott, O6Platinum an$li gnhael sGriene nBwiicthaiSnyés.t em of Ti m

"Reference to Brunel ds st at @ha&Vorksofdsambart Kingdom Brongl: Ann Al f r e
Engineering AppreciatiofCambridge University Press, 1980), pp. 21 & 205
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simultaneously, for regulating pendulums, for arranging garden beds, for keeping planks

from twisting, forevery conceivable thing from the greatest to the smaflest.

Airydés <contribution to engineering, i nstrume
communicated to the engineering and scientific community through various papers. A quick
glance at the pnted papers of Airy reveals enthusiasm about the subject from his early career.

Two of his earlier papers were related to the construction and uses of telescopes, and one related

to the form of the teeth of wheels/gedts.

By demonstr at i n gwithAissues detatedeton engingeringesentposition him
better in his interactions with instrument m a
him as a manager, public servant, dngh-rankingclerk create the illusion that he was a simple

client removed from the construction project and oversaw only theeobmical details of the
operations. By contrast, by understanding AiTr
highlights him as a collaborator in the construction process who ngtfostered a keen
understanding of the field, but also managed to improve upon it. Such an approach transforms
the correspondence between the instrument makers and the Astronomer Royal from mere
business correspondence tedepth discussions on mechaniesgineering and instrument

making. lllustrative of this shift is the location of the working plans in the RGO archives (that
stil |l | argely preserve Airyodos system of cat e
form part of t hen sd&Qournreenst psodn dseencctei oonn, iwhi ch al
new designs and instrumental errors. By contrast, the written correspondence forms part of the

6Correspondence with tradesmen sectionb6, al on

18 James StuarReminiscence@ ondon: Chiswick Press, 1911), p. 159
YThespapers are |listed at the end of Airyds Autobiograpt
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3. Airy, Ipswich, and thhistory of Ransome & May

While the negotiations over the object glass involved the network of opticians, the
making of the mechanical parts involved a new network of engineers. In light of this, the main
protagonist of the history of tHarge partdbemmes the firm Ransome & Malt. was originally
established by Robert Ransorfigure 15)in 1789 as an irofoundry - at the time known as
Ransome and Co. From the early years of the 1800s, the firm started using chilled iron in the
manufacturing of theiproducts, especially for the manufacturing of agricultural equipffient.
Chilled iron was made through the quicker cooling of one side of molten iron than its other side.
The resulting material allowed for the more uniform wear of instruments. For instante,
application to ploughshares, due to the underside and the top side wearing at different rates,
allowed for maintaining the sharpness of edges. In relation to the Transit Circle, the use of
chilled iron helped in the uniform wear of the parts of thgtrument that were undergoing
constant wear. Furthermore, the technique also created a material lighter than usual, which
compensated for the large size of the Transit Circle. Being a unique technique at the time, it led
the firm to gain an advantage tite market over their competitors and created a solid grounding
upon which the firm could expand its portfolio into different areas such as railways or

astronomical instruments.

20 3. Allen RansomeThe Implements of Agricultuteondon: J. Ridgway, 1843), pp. IP.
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Fig. 15Drawing of Robert Ransome (1849, NPG, D3921Fig. 16. Drawing of James Allen Ransome (1849, NI
D39206)

Throughout its history, the firm employed several famous engineers such as William Cubitt,
Charles May, and William Dillwyn Sims. However, the main connection of the firm to the
history of the TransiCi r cl e appears through Airyds uncl e
friend of Robert Ransome and the firm too. While growing up, Airy spent long periods of time at

his uncleds house, where he was introduced t
Robert Ransome. Airy remembered the old Ransome fondly as the first person to show Airy the
planet Saturn through a telescdp@his relationship with the Ransome family established at an
early age never faded t hr ouagdhoduutr i Migr yAdisr ylbéisf ee.:
for the construction of the Northumberland Equatorial at the Cambridge Observatory, and
towards the midl840s culminated in their contribution to the construction of the Altazimuth

instrument. Through the Altazimuth project,nAialso brought Ransome & May in contact with

1 George Biddell AiryPopular AstronomylLondon: Macmillan and Co, 1868), p. 2.
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Troughton & Simms. The close relationship through relatives between Airy and the Ransomes
becomes even more relevant in the current scholarship on Airy, which emphasises the
Astronomer Roy alnbdingmllaspeasroehis prejects, as weltas the running
of the Observatory’” The close relationship allowed Airy to exercise close oversight,
characterised by being informed on every matter relating to projects and being involved in even

the smallestletails®®

Ransome and Co. was renamed Ransome & May in 1836 upon the chemist/engineer Charles
May becoming a partner in the firm. May, similarly to the old Robert Ransome who had died in
1830, was interested in astronomy. Partly due to this, he becamg dis f i r st point o
the firm during the making of the Al tazi muth
leading role in these projects, historical scholarship has devoted relatively little attention to him.

The most extensive accounts§ lus life were the obituaries that appeared in the Minutes of
proceedings of Civil Engineers and tkenthly Notices of the Royal Astronomical Sociétpm

these we learn that astronomy caught his imagination at an early age, and he constructed several
reflecting telescopes himséffThrough his passion for mechanics and astronomy, he befriended
William Henry Smyt h, who | ater asked for Mayo
for the Hartwell Observatory of Dr John Lé&In addition, May wasemployed on the
construction of a large dome an observatory at Bury?Piilhis work proved to be crucial in his

contact with Airy. In the 1830s, Airy oversaw the construction of the Northumberland Equatorial

of the Cambridge Observatory at the requesthef Duke of Northumberland. With the new

22 mith, National Observatoryrransformed

2 Ginn, Philosophers and Artisans

24 [Obituary of Charles May]Minutes of the Proceedings of the Institution of Civil Engine20s (1861), pp. 148
149; [Obituary of Charles MayMonthly Notices of the Royal Astronomical Socigty4, pp, 10-102.

% william Henry SmythAedes Hartwellianaé.ondon: John Bowyer Nichols and Son, 1851), p. 239.

6 [Obituary of Charles May]Monthly Notices of the Royal Astronomical Sogity4, p. 102.
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instrument, a new building for the Observatory was also proposed. Since Airy at this time still
lacked the expertise and insight into the construction of domes, he reached out to various
individuals who might be ablto advise him on this matter. In one of the responses Airy received
from his wuncle Arthur Biddell, he refers to

dome?’

In 1836, May became a partner of the Ransomes firm, where he turned his attentials towa
industrial mechanics by focusing on iron chilling techniques, agricultural machinery, and the
design of railway seat§.While a partner at Ransomes, he carried out work on the Altazimuth
Telescope and the Transit Circle. As a result of his time spigéinttie Ransomes, most of the
sources related to relationship between Airy and May survive as correspondence between the
Airy and the firm from the mid840s until 1851 (in which year the partnership between the
Ransomes and May was broken up). After tlwkwon the Transit Circle was completed, May

left the Ransomes and moved to London to become a consulting engineer. He remained in

London until the end of his life in 1860.

4. The correspondence between Airy and May

One of the interesting features of therrespondence between Airy and May is the
Astronomer Royal 6s f r i eThd letiers thenselvésame @mbellished h e
with the friendly and infor mal remar ks that

tradesmen (such as William Snms ) . One of the |l etters began

2TRGO 6/157.

BCharles May, 60n a sneawn do oirmmp roof Vienda i fCansatyd nciBraggss h,eer s and

Journal July 1841, 236.
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engineer complied with the Astronomer Royal 6s

|l ive the Engineer, for they h#Similarlmnraeotheago i n
exchange of l etters, Airy adapts a quote from
man knows not wHAes eAitroy hawpl aihrese . l16at er , he i s

constant travels around England, and the difficulties which ariserasult when it comes to
corresponding on the construction. I n another
hand i s always more than four in the bushesbd
present at the Royal Astronomicab@ety3 This playfullanguage also suggests a relationship
between the two individuals that went beyond the formalities of-¢liemnt relations, which is
uncharacteristic of his dealings with other instrument makers and engineers. To some extent, the
corntrasting personalities also appeared in the distinct writing styles. The calmness of William
Simms is in direct contrast 3#Thetho diferentsistefs May o
correspondences also demonstrate two different conversatioresl. Stie friendship of Airy and

May is stated explicitly both through references to their personal lives and by including playful
guotes and praise as demonstrated above. By contrast, the closeness of Airy and Simms was
expressed i mpl i cpedal rgquesthfrom whg mstrisnent ynaksr arsl through
playing with the formalities of the business correspondence. The latter was highlighted by Ginn,
when Airy stated an extremely high price as a penalty for Simms in case if he did not follow
Airyds. oBdmer |l arl y, Airyds proximity to Si mms
he gather information for the Greenwich Obser

brief, the AiryMay and the AirySimms correspondences depict two very differgreaches

29 Ajry to May, 28 February 1848, RGO 6/721 526

%0 Airy to May, 5 June 1848, RGO 6/721

3L Airy to May, 30 November 1848, RGO 6/721

32 Mennim, Transit Circle Ginn, Philosophers and Artisans
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to maintaining relationship between astronomers and artisans. While theSiAims
correspondence shows us Rwho jikesaosplay anoand Wwith thg o f
formalities of the relationship, the Aulay correspondence depictsnAas someone who is

less bound by limits of formalities, and willing to engage in informal discussions even on paper.

I n this | i ogdfor oversightrdid @ enserge from his methodical personality but

rather, it was an extension of the oversight employed within the Observatory to other people

involved in the business of the Observatory.

engineers and Charles May, helps us gain a better understandiriglab context within which

thelargeparts of the TransCircle were discussed.

5. The Divided Circle and the Engineer

Besides the large size of the object glass, it was also the accuracy and size of the divided
circle that made the Transit Circle sigoént as a technological novelty. Divided circles were
used for measuring the vertical angle at which the transit of the celestial body occurred. The
circular support for the divided circle of the Transit Circle was cast by Ransomes & May, while
the inserion of the silver band as well as its graduation were carried out by Troughton & Simms.
This way, the divided circle was one ofetltoconstructedparts that were created by both

instrument makers.

William Simms at the time was a leading name in the dimiof circles. His reputation was

partly based on being a partner of Edward Troughton, and partly on his own improvements made

¥I'n reference to Airyds love for method, Augustus De
to William Rowan Hamilton about | ibraries that Airy

M

an

methodsts . 6 ( Or i gi nal emphasi dijeofSieWilliaR®Rowar Hamilkbe, Vat. Dublin  Gr aves

and London: Hodges, Figges & Co. and Longmans, Green & Co., 1889), p. 381.
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to dividing engines. Graduating circles by machines was traced back to its horological origins by
Allan Chapmart The introductbn of machinery for the task raised the possibility of creating

original graduations within a short amount of time, as opposed to having to rely on the copying

of master circles by hand. John Brooks provided further elaboration on the history of dividing
machines by taking Jesse Ramsdenogdansiiwentomd di v
for which in Ramsden *3s sewaesignrddneodstrafed thas a higher 1 7 7 7
accuracy of division was achievable through the use of machines tloaghhdivision by hand.

A few years | ater Edward Troughton turned awa
devel oping his own method of graduati on. Tro
awarded the Copley Medal in 1809, and was quickly takehy other instrument maketsHis

contribution shifted the focus of future improvements from the skills of the operators of the
dividing engine to the ever more precise construction of the machi@ienms continued
Trought onods appr casdafhcting mechamsmrtoothe wWividing gngimehwhich

made the o6whol e gr ad & ahe divded cicle oftche FransitrCectetwasn i ¢ a |
graduated on such an engine, and by doing so

instrtumentstodenginegr ad u*at ed. 6

Whil e Brooks and Chapman did not esxdvidimgd o n v
engine for the graduated circle of the Transit Circle, the way in which they characterised
S i mmamprovements helps us understand their interpmtaf the matter. Chapman

described it as a distinctly industrial engine, since it reduced the time and the labour from the

34 Chapmanpividing the Circle pp.123124.

% Brooks, The Circular Dividirg Engine p. 102.
% |bid. p. 123.

37 Chapmanpividing the Circle p. 136.

%8 bid.

% Ibid. p. 137.
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side of the i nstrument maker . I n this |light,
implementing methods that brougtdgether both industrial and scientific solutions. While

Brooks and Chapman provided a detailed technical analysis of the development of dividing
engines, they focus exclusively on the role of opticians and specialist instrument makers. This
chapter attempt t o expand on their analysis by focus
employ an optician over an engineer. Such an approach not only provides new insight into the
perception of dividing engines, but also contributes to an understanding @oticept of

accuracy in the middle of the nineteenth century, which concept was not explored ifurther

neither Chapslacocodns. nor Br ook

-
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CRADUAICHK. #lKW3'S S5 A'cﬁl‘G CINCULAR DIVIDING ENGINE,

‘

>

Fig. 18.L f f dz& (i NI ( A 2 y-acthg div{dihgyengin@ CycioSéd® of useful art:
mechanical and chemical, manufactures, mining, and engineering,1854)
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Discussion about the graduated circle began on 2 January 1848. At this stage, Airy and May
were still dscussing the final designs for the Transit Circle. As a result, the possibility of placing
the graduated circle at another part of the instrument was raised. Similar discussions resurfaced
at the end of February when May declared his dissatisfactiontwitiher accur asy of
dividing method'® While he did not expand on his reasons for it, the statement demonstrated
that, contrary t o Bsnethédswee st facthy aifcisnas from aSleashms 6
one major engineering firm. Instead of SisyMMay recommended Joseph Whitwqffigure 19)

for carrying out the task of dividing the circle.

Whitworth was a leading engineer at the time, who was trained at the workshop of Henry
Maudslay alongside other famous engineers such as James Nasmythhilendvarking for
Joseph Cl ement, he was involved in the manuf ¢
1830s he set up his own manufacturing firm in Manchester, where he specialised in the
production of machine tools. During the 1840s he developedeiumanufacturing techniques

that increased the accuracy of the figabducts andbegan implementing new measuring
techniques that aided the implementation of a new unified standard for screw threads, which later

became known as the British Standard Whitwdtth.

Charles Mayods suggestion to i nclrdedmplietivtne t wor t
shifting of the work away from optical instrument makers into the realm of engineering and
industry. Furthermore, it showed that the problem of division was not one being tackled by
mathematicainstrument makers only, but by engineerstooAi ry was supportive

Hi s response began with the joyful exclamati o

“0May to Airy, 26 February 1848, RGO 6/721
“1 For a detailed biography of Whitworth, sderman AtkinsonSi r Joseph Whi tworth: 6the w
mechaniciad (Stroud: Sutton Pub Ltd., 1996).
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go i n them t h*%Airytaen spectiienl that heecbnsideredthe best divided engines

t o be t ho sdéy dyddivisson, théndinished digeby scregutting, and then used with
screw. 06 This method served as the basis for
manual and mechanical dexterity. In light of this, it becomes understandable thatk&idyfas
further information on how Whitworthos engine
for him may not*Dbees paictceurtahties ,f oAi ruysd.sd | et ter d
openness towards the option of employing Whitworth, epeoposing the possibility of

travelling to Manchester to see him and his engine in action. As an alternative to a trip to

Manchester, Airy wanted to have the engine tested on an iron circle.

Fig. 19. Joseph Whitworth (c. 1860, NPG, Ax30401)

42 Airy to May, 28 February 1848, RGO 6/721 526
3 |bid.
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Ai r ettesfinished with the statement that he did not know who Whitworth was. This seems
somewhat surprising given that since the late 1830s Whitworth and Airy were engaging in
debates (though not with each other) on the question of standards. This was ydbeiAgr
appointed as the head of the Commission for the restoration of standards and weights that were
lost in the burning of the Palace of Westminster. The aim of this Commission was to carry out
preliminary research on standards, and to provide possifiléions to their restoraticfiEven

though Whitworth was not part of the Commission, its members engaged in gathering
information about the existing staands. As we will see later, his method of creating and using
standard measures faced sewvenigcism from members of the Commission, thereby bringing

him in contact with the question of standaftiBespite this, the first report of the Commission

published in 1841 made no mention of Whitwdtth.

May seemed enthusiastic in his response. Besidesprdi ng a bri ef sketch o
he praised the flat surfaces attained by the engineer, and he also declared that the 200 workmen
working for Whitwor t ffWhienoénformitienevas pmvidedaoa howr a c y 6
his dividing engine wasnade, May described the mechanism with which it worked. We also

learn from the letter that Whitworth had recently worked on a measuring instrument (attaining

the precision of 1/20,000 of an inch), and that he was delighted to offer his services to the
Obsevatory. This was probably reference to an early version of what became known as the

Whitworth Measuring Machine. It was eventually exhibited at the Great Exhibition of 1851, and

4 Ronald Edward ZupkdRevolution in Measureme(f®hiladelphia: The American Philosophical Society, 1990),

pp. 191192,

“ Atkinson, Sir Joseph Whitworttpp.102-103.

At kinson describes the Commission as a 6cufious coali:
engineering people6 | bid. p. 96. REponofthehGommissigners t pr oduc
Appointed to Consider the Stepshtaken for Restoration of the Standards of Weight & Meaélgd 1)

“"May to Airy, 6 March 1848, RGO 6/721
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became known for being able to measure tillionth of an inch?® However, here remains

very little information about any dividing engine that Whitworth constructed at the time. For
example, Atkinson only mentions one dividing engine made by Whitworth, which was
constructed at the request of a locomotive manufacturing conipainy. was so impressed with
Mayb6s description that he i mmediately decl ar e
However, the dealings with Whitworth came to an abrupt end. He was no longer mentioned in
later letters with the exception of one frdi850, in which May promised to introduce him to

Airy the next day. From this exchange it <can

Manchester and to see his engine in action did not materilise.

6. Foreshadowing debates on standards

The discssion between Airy and May about the meanings of accuracy foreshadowed the
more intense clashes between Whitworth and the Astronomer Royal that were to follow from the
1850s onward as part of the Standards Commission. The conflict arose on the topimos$tthe
accurate way of measuring the standard yard and deriving divisions from it. The issue centred
around two methods of measurements:-emdl linemeasurement. Ercheasurement related to
the use of the actual physical length of bars/pins/units to mprédse desired measure: the end
of the bar being the limits of the standard unit. Whitworth himself saw (and possibly used) a

bench micrometer that embodied such principle

“8T. M. Goodeve and C. P. B. Shell&fje Whitworth Measuring Machirfeondon: Longmans, Green and Co.,
1877).

49 Atkinson, p. 148. An online tradmtalogue also lists a small dividing engine built by Whitworth in 1851.
However, its small size would have made it impossible to be used for graduating the divided circle of the Transit
Circle. Seehttps://www.earlytech.com/earlytech/item?id=g&8cessed 1 March 2019].

0 Within the RGO archives, there is no record of letters between Airy and Whitworth around this time period.
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foundry, and later developed his owength gauges and measuring machine that relied on the

principles of end measurement.

Against the 6éend methodd stood O6line measuren
onto bars to represent the standard units. This way, it was the disteiweeen the engraved

lines that represented the standard unit, as opposed to the physical length of the bar upon which
they were engraved. While end measurement was supported by Whitworth, engineers and
industrialists, line measurement was supported bystlientific community. Those in favour of

the line measurement argued that the distance between the centres of two lines could be
established accurately once accounted for the personal differences between the measurements of
the length by sight. This pd#n relied on the theoretical idea that a perfect standard unit was
impossibleto create. Furthermore, it was also impossiiolestablish perfect accuracy through

only one personds measurement. The only solut
establish a value based on the known errors of the material and after the comparison of
measurements of several people. Suahkthg was expanded upon by John Herschel in his
Outlines of Astronomywhere he argued that products of artisans are close to perfection, but
never perfect. In relation to this, the role of the astronomer (and any person using the products of
instrument nakers) was to detect and to measure all the errors of the instrument, and to fix such
errors through the use of calculatiGAgiry implemented practices at the Observatory based on

a similar approach. Once the errors of instruments and the human biasegleveified as
predictable, compensating for these errors through calculations allowed the observations to be

more accurate® By contrast, end measurement was based on the idea that accuracy could be

> Atkinson, Sir Joseph Whitworthp. 94
2 HerschelOutlines of Aswnomy p. 78.
“This issue wil./l be expanded in the chapter on o6Cal cul
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achieved to such a degree in the production of atethat the small errors still affecting their
materiality were negligible. Whitworth and other engineers were keen on this idea, since many of
them hal already based their practices on this method. In addition, basing standards on such
grounds would havellowed for the quicker and wider dissemination of the tools and methods
connected to end measurement practices. Even though this approach was most widely supported
among the engineers, a few magstronomersiso showed preference towardsHbr example

Friedrich Bessel used the end measurement technique when he created a new Prussian Standard
of length in 1838 He chose this method to avoid any possible interference caused by the
bending of the material (i.e. by flexure), since any line measuremetheosurface of the
standard would have been affected by it. However, when the Star@amtimission was set up

to replace the destroyed British Standards, Bessell acknowledges the possibility of line
measurement solutions. H egestony tleattde effeots of flexaire C o mmi
could be avoided o6if the |ines were engraved

of the bar. o

The question of this standard involved questions of politics and power. The imperial standard
served as aymbol for the power of the Empire to disseminate its central authority (and
standards) over its territory. The proposal of Whitworth and his supporters would have shifted
this balance of power into the hands of the industry. If the standard was to Heslestiaby
industrialists, the centralised authority of the Empire was threatened with the establishment of a

new power within one of Its segments. Whi | e

>4 Atkinson, Sir Joseph Whitwortlp. 105.
“sConferences at the Exhibition oTheEsglish#&echani¢ ancWoAd par at u
of Science26May 1876, no. 583, p. 272.
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position as a supporter of the standard yard, his statie idebate was much more compiex.

As it was highlighted at the beginning of this chapter, Airy had a keen interest in engineering
since his childhood. The engineering community as well as the instrument makers accepted him
as an expert on many issues tiaig to their fields. Furthermore, as it was highlighted in his
correspondence with May, he did not look down on engineers. Finally, upon learning about
Whi tworthoés dividing engine, even though he
accuracy, hestill exhibited enthusiasm towards employing and learning more about the new
technique. I n summary, Airydos preference for
complete rejection of the end measurresmemdal Gspp
belief in men of science being the overseers of the commercial products of aftiEaaother

way in which the balance of powesmasredistributed concerned the relationship between men of
science and artisans. Since line measurement was advdoatby the scientific community,

while end measurement was based on the practices of artisans, a standard based on the end
measurement would have shifted the power into the hands of artisans. As it was highlighted
above, this threatened to transform #sablished roles of men of science and the artisans in
relation to the instruments: men of science losing control through the numerical calculations over

the material products of artisans.

*®See Simon Schaffer, o6Metrology, Met r i c aVictamian, and Vi ct
Science in ConteXChicago; London: The University of Chicago Press, 1997),4438

" The distinction between tl@mmercialand thescientifics t andar ds was a key motive in

justifying the use of |line measurement. See George Bid

Standard of Lengt h, RhitodophicdlTrahstictsiondof therRoyialBeciety ot loopdb4e,s 6 ,
(1857), 621702 (pp. 646, 690 & 698).
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7. Further work by May on the divided circle

The divided circle remained unmentioned in the correspondence with May until the
autumn of 1848. This was due to the actual dimensions of the Transit Circle remaining
unconfirmed. The lack of specifications allowed for further discussions about the paditite
circle. While May initially thought that it was going to be attached to the horizontal axis (as it
was the case with the Groombridge and Palermo Circles), Airy had to clarify that it was going to
be independently placed on the inner side of thsteva pier. Airy also noted that the diameter
of the circle could only be confirmed once the alteration of the piers was finished. The need for
the various parts of the instrument to be decided upon once again highlighted the importance of
the instrument an assemblage of multiple instruments and parts, where their final forms were

dependent upon their relations to the other parts of the assemblage.

The actual casting of the circle did not begin until May 1849. During the same casting process
the clampig circle was also made, which was to be placed on the eastern side of the telescope
tube. This circle had two main purposes. First, it was used for turning the telescope tube and
securing it in place once it was set to the required angle. Second, edbelpalance out the
weight distribution on the eastest axis of the instrument. While the body of the clamping circle
was cast without any problem, the final cast of the divided circle was found to be too spongy. In
fact, further attempts were found to be bad that May decided to throw the entire circle out,

begin the casting process once®again, and to

°8 May to Airy, 16 October 1849, RGO 6/722.
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Fig. 20. Detail from Plate 2 of the official description of the Transit Circle showing the divided circle (tethe
of the telescope tube) and the arrangement of the microscopes for viewing its graduations

The extra attention had a positive effect on the construction process, and the next letter to Airy
described good progress. May also noted that plans meade for further consultations with

Simms about the silver band that was to be attached to the cast of the divide¥ Bieslpite

this, the Astronomer Royal had to wait until the beginning of the next year to receive news about

any progress. At that pdin, May reported on tswoegkmeniwkohelped r om o
in the fitting of the silver band into the cast of the divided cit€le. March, Airy had the

opportunity to visit Maybés workshop. itaf a | et

9 May to Airy, 26 October 1849, RGO 6/722.
0 May to Airy, 7 January 1850, RGO 6/723.
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the job on the dividing circle finished. The engineer only had three outstanding responsibilities.
The first one was to accommodate the visit of Simms and his workmen in order to engrave the
initial figures on the cast circles. Second, to set upcihdes on the eastest axis of the
instrument for examination by Si mms. Mayob6s fi
of the divided circle to the workshop of Simms, where he was going to make the final divisions

on the circle with his divithg engine.

The interaction between Airy and May demonstrated four important aspects of the history of the
Transit Circle. First, expanding on the history of divided circles in general, it demonstrated the
key role that engineering firms played in the oapbf the circles. Their role was so important

t hat Mayds initial failure I ed to delays to
suggestion to employ Joseph Whitworth for dividing the circle also expands on the history of
circle division by demorigating that it was not exclusively opticians and specialist instrument
makers engaged in improving dividing engines, but instead, there was a considerable effort made
by engineers too. However, their definition of accuracy was different from the onebysed
astronomers and scientific instrument makers, which led to astronomers like Airy raising doubt
about the quality of the work that they could provide. Third, since the divided circle relied on the
contribution from engineers like Ransome & May, thelfioam of the Transit Circle embodied

the networks of both engineers and scientific instrument makers. By doing so, the instrument was

a prime example of mechanisation of the Observatory and the transformation of astronomical
labour and instrument underrAy 6 s di rect or shi p. Finall vy, t he
the construction of the divided circle relied on the progress made to other parts of the instrument.
As a result, it highlighted the Transit Circle as an assemblage of multiple instruamenpsrts

that were interdependent on each otherds prop
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8. Simms and his work on the divided circle

While Ransome & May were focusing on the issues related to the casting of the circular
support of the divided circle, William Simms dewvibtais attention to the problem of dividing the
scale. The major technical issues that the Simms faced originated from the large size of the
circle. As Chapman pointed out, the instrument makers specialising in graduation of circles
carried out most of theworks on small instruments. By contrast, this wasfad® circle that
superseded the size of the previous ones that Simathdivided in the past. In light of this, it
was not surprising that Airy expressed his doubts to Simms about his dividing eaging the
ability to carry out the task as required.
suggested that Simms delegate the task to Whitworth, who was described to be in the possession
of an instrument capable of dividing a large circle. Howes®ce neither Airy nor Simms had
interacted with Whitworth before, the Astronomer Royal asked Simms what method they should
use in order to check the acSurmrcsy aoccfceWh ietdwo
suggestions, and recommended testing Whitwt hés engi ne on a sampl e ¢
Simms wrote about his willingness to divide the circle in case the sample from Whitworth turned

out to be unacceptabfé.

These letters exchanged between Airy and Simms highlighted a different role im Simms

contributed to the construction of the Transit Circle. He was not only the maker of an instrument,
but also one of Airyds reliable consultants o
he was willing to provide information on how Aighould approach other instrument makers

(and possible competitors) related to the project. However, whether this was simply due to his

%1 Airy to Simms, 8 March 1848, RGO 6/721: 832
62 Simms to Airy, 9 March 1848, RGO 6/721:833
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good will or due to Simms not perceiving Whitworth as a competitor to this business remains

unclear from the corresponutee.

Discussions about Whitworth came to an abrupt end in the-Zimyns correspondence too.

Instead, the letters began focusing on reworking the design of the wheel carrying the divided
circle. While the original plans included divisions only on the sifithe wheel facing the pier,

Airy expressed his interest in inserting a 0s
of the wheel to8® This setting circle was used in conjunction with a pointer microscope and two
setting pointers with whiclthe divisions could be read off with more ease than those of the

graduated circle. Such an arrangement allowed the observer to point the tet¢dbepequired

anglemore quickly

The design of the setting circle faced further modifications duringldter stages of the
construction process. Once Airy received tracings of the graduated and setting circles from May,

he noticed that there were mistakes in the original design with respect to their p&Sitisres.

result, he notified both instrument makeabout what alterations were required for the setting

circle. However, it was only May who received instructions and specifications on how to execute

the design of the setting circi2This demonstrated the prime significance that casting the circle
played, and the important role of Ransome & May played in the making of the divided circle.
After Airyodés instructions were sent to May, t

circles were considered temporarily finished.

83 Airy to Simms, 9 October 1848, RGO 6/721: 897. This arrangement was modified for the Cape Transit Circle,

where the setting circle was part of the circle on theratide of the telescope tube p. v. (Reports from 1B

of the Cape Observatory)

4 As mentioned previously, this was due to May believing that the frame of the divided circle was going to move
toget her with the t el es c drgeeorwithutheeHarvaal JransinCirdka ms dends Pal e
8 Airy to Simms, 4 November 1848, RGO 6/721:909; Airy to May, 30 October 1848, RGO 6/721.
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Further production othe graduated and setting circles did not continue until more than a year
later. The next technical issue that the project faced arose from the method employed in dividing
the circle. Airy agreed with Mayoé$&hbyhdneddueof en
to being less time consuming than mechanical engrd&ViBgr e n t h o usgdsporé didms o
not survive, from | ater correspondence we | ea
the same letters Airy showed further concern about tiosv divisions were going to be
represented: either with dots or with dasHaalith these issues clarified, the engraving signalled

the end for the discussion on the setting circles, and its position was finalised when added to the

wheel in August 1850.

While the correspondence between Airy and Simms did not refer to the progress of the divided
circle until May 1850, the updates received on the progress of the work from Charles May
demonstrated the continuous engagement of Simms and his workmen on the®bénjee the

cast of the divided circle was finished, it was sent to Simms for gradfat®mprisingly,
Simms only managed to start the actual engraving on his engine a montf Latskily, work

was delayed in Ipswich too, which did not cause Simnystanuble’* However, by the middle

of July, Airy hurried the division of the circle by telling Simms that he wanted to see it
personally, once it was deemed to be close to compl&t®imilarly to the setting circle, the
question of how the divisions weigoing to be represented-eenerged in the letters. Airy

confirmed that using numbers to show the degrees were essential and asked Simms to represent

% Airy to May, 11 March 1850, RGO 6/723; Airy to Simms, 13 March 1850, RGO 6/723: 740.

7 Simms to Airy, 9 April 1850, RGO/823: 745 & 3 August 1850 RGO 6/723: 775; Airy to Simms, 8 August 1850
RGO 6/723: 778.

%8 See for example, Airy to May, 7 July 1848, RGO 6/721; May to Airy, 18 October 1848, RGO 6/721; May to Airy,
26 October 1849, RGO 6/722.

89 Airy to Simms, 17 [or 19?] Ma1850, RGO 6/723: 756.

% Simms to Airy, 21 June 1850, RGO 6/723: 762.

L Airy to Simms, 1 July 1850, RGO 6/723: 763.

2 Airy to Simms, 13 July 1850, RGO 6/723: 767.
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the variations in degrees with a variations in symbols (single dots, double dots, and long
6 s h a R @nfodunately, William Simms at the same time fell ill, which prompted him to leave
his workshop’* Despite assigning the work to his nephew, work on the divided circle was
temporarily halted. It meant that Airy had to wait until September to see the firpsebehact. By

the middle of September, all parts of the Transit Circle were delivered to the Observatory except
for the divided circle. Such a delay caused the halting of the installation of the Transit Circle and,
for the first time throughout the constrioet process, Airy showed his anger by demanding its
immediate transportation to the sife&knowing to give in to the demands of the Astronomer
Royal, Simms sent the divided circle to the Observatory the next day, with which its construction

process was deged finished®

The Airy-Simms letters relating to the divided circle showcase important theoretical points
relating to the history of the Transit Circle and its divided circle. First, it demonstrates once again
that the Transit Circle was thought of asassemblage of instruments and its parts, where a
delay or mistake on one part of the assemblage could halt the entire construction process.
Second, this was reflective of how Airy had to interact with the instrument makers. He had to
make sure that the twinstrument makers were aware of the progress of the work made by both
instrument makers, since a misunderstanding by one instrument maker (as in the case of the
position of the circles) affected the progress of the other instrument maker too. Thikahghin
about the instrument (and the project) as an assemblage provides an understanding of why Airy
was eager to be involved in every miniscule detail of the constructions. It was not only because

he was one of the designers of the instrument, but alsaused¢he construction of a complex

3 Airy to Simms, 8 August 1850, RGO 6/723: 778.

" Simms to Airy, 13 August 1850, RGO 6/723%9.

S Airy to Simms, 21 September 1850, RGO 6/723: 786.
"8 Airy to Simms, 22 September 1850, RGO 6/723: 788.
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precision instrument like the Transit Circle required that much attention in order to function
according to the expectations of a national observatory like that at Greenwich. Fourth, with the
involvement of both William $nms and Ransoms& May in the construction of the divided
circle, it emerged as a hybrid part of the instrument that was produced with contribution by
scientific instrument makers and engineers of agricultural machinery at the same time. Thereby,
an analysis of its constrtion questions whether the categorisation of the parts of the instrument
reflects the instrument makers involved in their production. Furthermore, it demonstrates how
the Transit Circle embodied the work of both engineers and astronomical instrument, makers
reflecting in the materiality of the instrume
that brought together such new networks from nineteeatitury British science and
technology. Finally, the presence of Whitworth as an alternativé ¢in®ice to Simms
demonstrated that similarly to the story of the object glass, while Airy maintained a preference
towards employing Simms, he was not always the first candidate that Airy had in mind, nor the

one that could provide the most reliable sexsic

9. Wt A@G20Gax LAG2Gax LAG2GAQ

The story of the Transit Circlebs divided
the broader history of the divided circle, and described it as a hybrid graduated part of the Transit
Circle. This nextsectionbegns from a reversed position. It examines whether there are also
hybrid parts of the assemblage that have previously been considered mechanical. To do so, it will

investigate the history of the pivots of the Transit Circle. Their history will serve asfal us
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example to bring forth how the specialist knowledge of astronomers and engineers were applied

to their construction.

The pivots were crucial parts of transit instruments and transit circles, as they allowed for the
smooth rotation of the telescope.yAsmall changes that occurred on the cylindrical form of the
pivots resulted in errors in the measurements of distant objects. Most commonly this was the
result of either the form of the pivots not being cylindrical, or the surface of the pivots not
wearirg over time in a uniform manner. Such problems could cause what were labelled as the
level and azimuth error of the instrument. In the case of the Transit Circle, Airy implemented
solutions into the design of the instrument in order to minimise the frictiothe pivotg! This

helped in reducing their gradual wear. The major challenge that Airy faced in its implementation
arose from the large sizes and weight of the telescope tube, the setting circle, and the divided
circle. Due to friction, they would havcaused the pivots to wear awagre quicky than the
pivots of smaller transit circles. Airyés sol
pivots from resting their entire weight on the bearings, thereby further reducing friction. Due to
the constant wear of the surface of the pivots, another design consideration was the material out
of which they were made. As discussed previously, various parts of the Transit Circle were made
with chilled iron technique, since it granted lighter weight anore uniform wear to the
material. Following these expectations, Airy decided to make the pivots of the Transit Circle

using this technique.

It was not only the material that posed a challenge to making pivots. The skills and the
techniques that their pduction relied upon also placed limitations on the final quality of the

parts. This was due to the impossibility of creating a perfectly cylindrical surface. It was

T Airy, Description of the Transit Circlg1854), p.8
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precisely this obstacle that Herschel, called attention to inOmines of Astronomyand

labelled it as one of the main errors of workmanship from which scientific instruments would
never be free. Highlighting how widespread and generally accepted this error was, he argued that
this was one of the o6practi fabhdanpndyaidbmeas,nd.
Another astronomer, Elias Loomis, similarly highlighted this error as the basis for understanding

the maintenance and use of astronomical instruments. IrAmigntroduction to Practical
Astronomy he described several methodshmthich errors of forms of the pivots could be
detected with a spirit levé?.In addition, he described how the measured errors could be fixed
through calculations. Airy was very aware of the problem with pivots and transit instruments.

His first publishedengagement with the issue can be traced back to his years as the director of

the Cambridge Observatory. In the introduction to the @ainbridge Observatiorse reflected

upon the difficulty with which circularity of the pivots could be examined. Wileagreed with

the statement that the perfect cylindrical form was impossible to achieve, he praised the accuracy
attained by instrument maker s. I n fact, he s
shaped is probably the most perfect in the medha a ° However, . Aidy was less lenient with

the judging of the diameters of the pivots, whichelkamined with greater care

8 Herschel Outlines of Astronomyp. 79.

9 Elias Loomis An Introduction to Practical Astronom@New York: Harper & Brothers Publishers, 1855), pp. 74
75.

8 George Biddell AiryCambridge ObservationgCambridge: J. Smith, 1829), p. 30.
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Fig. 21. Plate 11 from the official description of the Transit Circle showing the pivots and their bearings from the top

With such attention given to the possible errors of the pivots, Airy was keen to visit the Ransome
& May workshop when the pivots were being m&tidowever, it was not until the pivots were
deemed finished by May that more detailed discussions begémewmrforms. It began with a
letter from May in which he asked for instructions from Airy on how to measure the roundness

of the pivots?Ai r yos detailed answer included a sketc

81 Airy to May, 18 October 1849, RGO 6/722.
82 May to Airy, 3 December 1849, Ri6/722.
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variations of form and surface ofvpits (figure 22)** Equipped with such a tool, May reported
on the completion of the pivots, and for preparing them for a close examination of their

cylindrical forms.

OPi vot s, pi ibegantthe nextpetter of Clsaides May highlighting the attention paid to

them, as well as the annoyance that they have caused to the engineer. The letter deseribed

the first examination of their forms was carried out by Simansd, that the spirit level indicated a

degree of ellipticity 1/7000 of an inch in one and double that amount in the other pivot. This was

to be reduced further through a method proposed by Simms td*“*NMayther improvements

were made to the pivots, anddawnonths later they underwent another examination by Simms

and his nephew. May reported that the ellipti
(George Arthur Biddell, the cousin of George Airy) was still working to reduce the error further.
Inadd t i on, May remar ked that attaining perfecti
take] a good observer to find the effe®%t upot
The next summary of the work was sent to Airy by Arthur Biddeidelf. He reported that the

pivots underwent only minor structural changes since the last time, mostly due to the lathe being
used for its production being in high demand by otf&fhe final modifications to the forms of

the pivots were made in June 885 May reported to Airy that t

approach to perfection as to¥®render it right

8 As seen on Fig. 22. Airy to May, 4 December 1849, RGO 6/722.
8 May to Airy, 12 March 1850

8 May to Airy, 16 May 1850

8 George Arthur Biddell to Airy, 30 May 1850

87 May to Airy, 20 June 1850
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Fig. 22. Sketch made by Airy showing the instrument to check the ellipticity of the pivots (Airy to May
December 1849RGO 6/722)

The correspondence between Airy and May about the pivots repeatedly emphasised the issue of
perfection regarding the pivots. May first relied on the delicate measuring instruments of Simms

to detect the errors, then argued that the errors were reducedcotinat they were almost
undetectable. Like the accuracy of the graduation of the divided circle, the pivot also raised the
guestion of wha't could be considered accur a
approach that emphasised the practicalitprefcision (e.g. the difficulty to detect errors or and

the pivots being 6close to perfectioné), whic
Joseph Whitworth, engineers, and other supporters of the end measurement method. However,

Al r y 0a@ach avaspdifferent. While he was also aimibogachiee the perfectly cylindrical

form of the pivots, he was more interested in knowing their degrees of ellipticity, so that they
could be corrected through mathematical cal ci
approach reflected that of John Heesdh who ar gued t hat 6t hough w

wondersat the hands of scientific artists, we are not to exméeicles ®d

The installation of the Transit Circle at the Observatory brought up new issues related to the
pivots. First, Airy asked Resome & May to provide dust caps for the ends of the pivots. Now

that we understand that significance of the precision expected from the pivots, the importance of

8 HerschelOutlines of Astronomyp. 78.
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such protective equipment is easier to imagine. As Airy found out to his surprise, thaghist ¢

were not even included in the original pl ans.

Airy expressed his anger and disappointment in the instrument makers for the first time. In

addition, he scolded May in particular for not includingthem t he ori gi nal pl an

the want of these [protecti®™Tdhecaphlerbesbueret

anger was revealed at the end of the |l etter
not possible to introduce theinto their places without taking down more of the machinery than

| dare t o “mesdemhriereveaied that diespite Airy possessing a good understanding
of mechanical arts, he still relied on the expertise, skills, and tools of engineers amahenst
makers. In fact, it highlighted the problem in the core of the hierarchy between instrument
makers and astronomers that were advocated and acted out by individuals such as Airy and

Herschel: no matter how much mathematics allowed for correctingrtbes of the instruments,

W

they were stildl reliant on the work of I nstr

regul ations in relation to the use of i nstru

galvanic apparatus except you mostrttughly understand it and have a definitive motive for
me dd | i n ) amgivernandgtheraneaning. It is not only related to preserving the working
order of instruments, but also to avoid bringing forth the reliance of the Observatory on the work

of the instrument makers.

Once the installation of the Transit Circle was finished, Airy and the Observatory staff began the
determinations of the errors of the instrument. This was in accordance with the belief that no

perfect instrument exists and that by meg and accounting for the errors of the instrument, the

8 Airy to May, 10 October 1850
% bid.
%1 Notes to members of staff by Airy, RGO 6/38 29, 35.
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staff wi || be able to eliminate them during
They found discrepancy in the errors, whereby at one side of the pivots the errors were larger
than onthe other sidé? This signalled to Airy that the pivots were either not straight, or that the

Y bearings upon which they rested were faulty. When the graduations of the divided circle were
about to undergo similar detection of errors, the staff foundttieatircles were not turnin@n

raising the instrument, they found that oil had run away from the bearing and that the pivot was
only bearing in its middle. Airyds assumptio
measured discrepancy, and asked/Nta suggestions. Similarly to the previous letter about the

pivots, Airy expressed his dissatisfaction, by wishing that May had examined the same

problem?®

May was somewhat surprised about the problem, and he emphasised that both bearings were
fitted with equal accuracy as far as he could judge. He raised the possibility of bending occurring
when they were screwed down into holes in the pier, or due to oxidation. However, upon
replicating the described situation in his workshop, May found that the ailalk®ved for the

contact to be too tight between the bearing and the pivot, which resulted in the lubricant being
squeezed out (or 6running away6 as Airy obse
experiment, May decided not to derive any dedirmbnclusions, and instead send Arthur George

Biddell to examine the bearing$After the visit, Airy reported that Biddell found the pivots and

t heir bearings in perfectly good order. As a
identification ofthe oil as a cause of the issue, he suggested using sperm whale oil instead of

olive oil. However, still maintaining the possibility of rust being present, Airy described his

92 Airy to May, 19 December 1850
% bid.
% May to Airy, 20 December 1850, RGO 6/723.
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hypothesis about rust falling into the bearings before the arrival of the cafestprg the

instrument from the dugt,

The history of the pivots highlightseveral key aspects of the construction of the Transit Circle.
First, similarly to the divided and setting circles, it shows that the construction process relied on
the other pa# of the assemblage to be ready, thereby demonstrating the interdependent nature of
the various parts of the Transit Circle. In addition, the question of the accuracy of the pivots
showed that such an interdependence of parts continued after the carstnactifinished, and
determined the working performance of the instrument. Second, the accuracy brought forth how
the competing definitions of accuracy were resolved during construction process. Despite the
fact that Ransome & May relied on a practicalimigbn of accuracy to make the pivots as
cylindrical as possible, Airy knew that his task was going to be to check the error of the pivots
again and again once it was installed. This meant that while Airy expected the engineers to make
the pivots as cyldr i ¢ a l as possi bl e, he was not expec
discussions on accuracy also demonstrated the close engagement between scientific instrument
makers, engineers, and astronomers. Airy offered a description and a sketch oftarbeddy
contrivance with which the engineers could measure the ellipticity of the pivots. Furthermore,
Simms offered his help in both examining the pivots and providing instructions on how to make
them even more cylindrical. In this light, the pivots werst gs much a hybrid part of the Transit

Circle that embodied the contributions of scientific instrument makers, astronomers, and
engineers, the same way as the divided circle did. Finally, the story of the pivots also highlighted

the extent to which Airyelied on the skill, expertise, and tools of the engineers. When he

% Airy to May, 23 December 1850, and May to Airy, 25 December 1850, RGO 6/723.
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realised that the dust caps were not made for the pivots, his worry that the instrument had to be

taken apart again led him to express his anger and disappointment in Ransome & May.

10.The asemblage approach to astronomical instruments and their limitations

The focus in the previous two chapters on the history of the various parts of the Transit
Circle demonstrated that the parts had their own individual histories that entangled with each
other in the assemblage of the larger instrument. Writing a detailed history of every part of an
instrument as complex as the Transit Circle is an undertaking that is beyond the scope and the
limits of this dissertation. In addition, even in the case & tesnplex instruments that are made
up of a few parts, the approach would still allow for its breakdown to a seemingly unlimited
number of parts. To take a famous exampl e,
assemblage of the object incorpesitnto the first level of analysis the lenses, the tube, the
leather used, and the separate housings at the two ends of the teléAtdpe second level, the
analysis is expanded internally, which investigates the physical composition of thé’ ghass,
origin the leather, and the design of the gold tooling used on the telescegeh revealing
another member of the larger network that contributed to the materialisation of the final product.
At the same level of analysis, the assemblage can be degbaaxternally too. It examines the
history of the various accessories that Galileo devised to be used in conjunction with the
instrument (e.g. micrometer and helioscope). Moving away from operation to presentation adds

another dimension to the same lew#l analysis. It examines the ivory frame holding the

% Massimo Bucciantini, Michele Camerota,and Franco Giudica,| i | e o 6 {Camteidge, MA & lprdon,
England: Harvard University Press, 2015)
“Giorgio Strano, 6Galileob6s telescope: Hxpesnmemry, scient

Astronomy25, (2009), 1731.
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Gal il eods t e Pghe thinddeves of analybis, building upon the expansion of the
original Asi mpl ed assembl age, approaches the
other objets and entities. For instance, it incorporates the light conditions provided by the space
where the telescope was used, or the effects of the movements of the observer during its
operation?® By following the interactions between the various entities, dssemblage is
expanded beyond what seerfike a reasonable scope. Howevers it was emphasised
throughout this chapter, the importance of the approach is not on how extensive the final
assemblage can be, but rather on demonstrating the interdependémeevarfious parts of the

assemblage, which brings forth the importance of their connections to each other.

So what does this mean in relation to the history of the Transit Circle? The entanglement of the
different parts of its assemblage means that tlegyepart of its assemblage is reduced to an
equal level of significance for analysis. At the same time, it questions the preference given in
analysis to one part of the instrument over another. For instance, despite the object glass being
the main concerwf Airy and the Board of Visitors, the engineers argued that construction on

other parts of the assemblage could begin prior to purchasing it. The delays on the construction

on the divided circle or the dustntookagnger. meant

These delays once again showed the interdependence of the parts: the assemblage as a whole
could not begin work until every part was at its place. By focusing on such th€hsgsgters 1

and 2 approached scientific instruments not as objeatde up of isolated entities, but as

% It is worth noting here that the ivory frame was a later addition to the telescope. Thereby, approaching instruments
through assemblages also highlights the various historical relations between their multiple inteendtmal

parts.

%9 For a discussion on the importance on the tacit knowledge involved in operating the telescope, see Mario Biagioli,
Galil eobds instruments of (GhicagaandLonddneTheedUnicersityefhicagomage s,
Press, 2006)
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assemblages of objects where their operation relied on the harmony or the discord between the

various parts’

11.Conclusion

This chapter examined the construction of the-optical parts of the Transit Circle. It
extended the analysis of the object glass in Chapter 1 by demonstrating that the construction of
other parts of the Transit Circle similarly underwent negotiations (as well as alternative
possibilities). I f Chapter 1 Chapteg 2 devotpdhitsedftb Ai r y
highlight Airyéds relations with engineers. Wh
relation with clock makers, opticians, and scientific instrument makers, this chapter expanded the
field by focusing on his interéions with engineers. Furthermore, it highlighted his knowledge of
engineering through constantly advising both William Simms and Charles May throughout the
construction of the Transit Circle. This chapter also examined the interactions of Airy with
Charls May. Since Mayods | ife and career have not
chapter made preliminary research for further studies on his life. In addition, it expanded the
wi de network of engineers wit ledto, and demonistratéd r y 6 s
how such networks were embodied within the materiality of the Transit Circle through decisions
made during its construction. By comparing A
chapter also demonstrated that Airy employed wbffié ways of engaging with different
i nstrument maker s. While Airyés engagements v

served the purposef highlighting his formal interactions with negotiations, his letters

190 Although it is worth keeping in mind that as in the case of the accuracy of divisions, different people would
perceive the operations differently.

138



exchanged with Charles May showed that he also engaged in informal discussions with them. As
a result, his formal interactions dmt reflect a complete picture of his personality, but rather,
simply highlight how Airy carried out formal negotiations aneme played around with such

formalities.

The history of the divided circle, similarly to the object glass, demonstrated alternative engineers
who were considered for the construction of
Joseph Whitworth alsoxpands on the current scholarship of the history of the divided circles.
While previously the focus has only been on astronomical instrument makers, the studies on the
development of divided circles are now extended to works of engineers too. By dothg so,
chapter also demonstrated the overlaps between the roles of engineers and astronomical
instrument makers. The possible employment of Joseph Whitworth brought forth the different
definitions employed by astronomers and engineers in attaining accurady. d&cussions
between Airy, May, and Simms foreshadowed the major debates regarding the production of
standards and the competing measurement techniques (end measurement and line measurement)

during the second half of the nineteenth century.

The historyof the construction of the pivots continued its focus on the collaboration between
astronomers, instrument makers, and engineers. However, rather than exploring the network
once again, it focused on how the examination of the accuracy of the pivots litigfhlitpe
imposed hierarchy between the tasks of the astronomers and the instrument makers. Airy did not
expect miracles from May and Simms. Instead, he accounted for the errors of the pivots sot that
he could incorporate the figures into the reductionghefobservations. However, this did not
mean that Airy was no longer reliant on the work of the instrument makers. As it was

demonstrated through the missing dust caps, he still relied on the skills, tools, and expertise of
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engineers and instrument makéror t he production of new parts

anger and disappointment expressed in his letters, revealed this fundamental part of the
astronomeinstrument maker relations that the imposed hierarchy and the mathematical
calculations tookor granted.l n br i ef |, this reliance on the

oversight of the Transit Circle, since only the engineers were able to modify its materiality.

Chapters 1 and 2 examined the construction process ofcahdie considered the internal parts

of the assemblage of the Transit Circle. It did so with the aim of demonstrating how the histories
of these different parts were both isolated and interdependent at the same time: the size of the
object glass determinetthe size of the other parts of the instrument, but any delays from the
construction of the divided circle or the pivot affected when the instrument was finally put into
operation. The internal components of the Transit Circle were not the only paris lafdbr
assemblage. As we will see €hapters 3 and 4, the assemblage was ultimately expanded to
incorporate the subsidiary instruments, the walls of the Transit Circle Room, and even
instruments from other buildings of the Observatory. By doing sofdll@ving chapters will
expand even further on the interdependent nature of the multiple parts of the Transit Circle.
However, rather than demonstrating it through the construction project, the chapters will
demonstrate it through how the good performaamee the working order of the instrument was

maintained and achieved
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Chapter 3 Maintenance and repair practices interacting with the
materiality of the Transit Circle

1. Introduction

Simon Newcomb was one of the major American astronomers of the nineteenth century.
Similarly to his other American colleagues, he made several trips to Europe in order to gain a
better understanding of the European astronomical practices. During higifirst 1870, he
spent some time visiting the Royal Observat ¢
directorship. His description of the Observatory in Risminiscencescluded an interesting

passage about the Airy Transit Circle:

Bef or e [ Aihe waned astronomee worked with instruments of very delicate
construction, so that skill in handling them was one of the requisites of an observer. [By
contrast,] Airy made them in the likeness of heavy machinery, which could suffer no injury
from blow of the head of a careless observer. Strong and simple, they rarely got out of order.
It is said that an assistant who showed a visiting astronomer the transit circle sometimes hit it

a good slap to show how solid it was.

Within this passage, Newcombwdshe to capture the Transit Ci:

|l i ke Observatory: a Oheavy machinerydé6 that st
of previous astronomical i nstrument s; the Om
6carebessver so,; and it combined simplicity wi

! Newcomb,Reminiscencepp. 288289.
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Transit Circle as a sturdy instrument that wa
And most importantly, it hardly ever broke down. The beauty of Neviacons wr i t i ng r e
his ability to evoke the central character of
al so oO6industrial d. As we have seen in previo

brought together the networks of industnyd science of nineteentientury England.

But did such a reflection also capture the-tlagay struggles of the Observatory staff and Airy

in relation to the Transit Circle? An internal note from Airy to Hugh Breen (superintendent of the
computers)yprod es us with a different | mage: OExpl ai
one is to touch the Transit Circle or other instrument except in the presence of the Observer who
is charged wi t hSimilanlye Airp asked his BirstiAssistant drater Chief

Assistant (Robert Main from 1835 to 1860, Edward Stone from 1860 to 1870, and William
Christie from 1870 to 1881) to provideReport on the State of the Instrumestsry month. The

need for small adjustments and repairs of the TransiteCindre constant features of these

reports.

I n these internal document s, Newcombds i mage

implied unrestricted touch of heavy machinery was replaced with restrictions imposed on people

not associated withitsdiect wuse. The sturdiness that resis
substituted with regular surveillance driven by an anxiety that the instrument could easily get out

of order. Within such a framewor k, elachimo mboés

can be reinterpreted as an act symbolising n

close connection with the instrument through acts of both care and surveillance.

2 Airy to Breen, 28 April 1854 RGO 6/38 178.
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The following chapter investigates such a discrepancy between émaahtorrespondences of
the Observatory and the external (as well as official) accounts of the Transit Circle. By doing so,
the chapter demonstrates a different side of

regular breakdowns, improvisatis, and strong reliance on the maintainers of the instrument.

2. What is maintenance?

With the turn towards processes within history, politics, and sociology of science and
technology, maintenance appeared as a prominent feature of how science wasdpeuditiow
the instruments were used. When Latour | ook e
recalled O0the maintenance man of Data Gener al
mi nor p ¥ Torbugretmesxample of Kodak photo camerasiémonstrated how the push
of a button can hide the networks of individuals (including the maintainers) that will later be
required for developing the imadés Steven Shapin wrote two years later, these people formed
part of the 6hidden t ec hnContindng with etbnbgrashg ofe n c e
scientific work, Shar on -tTirmente eka idretsairn édoresd ddfo
high-energyphysics were destined to the peripheries of research groups, while at the same time
the physicists themselves carried out occasional maintenance of the instriMaintenance

and repair work remained a key feature of analysis within studies of orgamisatnce the

3 Bruno LatourScience in ActiofCambridge, MA: Harvard University Press, 1987 (2003)) p. 2.

* Ibid. p. 137.

® Steven Shapirlhe Invisible Technician

® Sharon TraweekBeamtimes and lifetim¢kondon, England and Cambridge, MA: Harvard University Press,,

1992), pp. 8592 & 138.

"See Christopher R. Henke, &éThe Mechani c SBerkeleyJWmal k pl ace
of Sociology44 (1999),581; and Stephen Graham and Nigel Thrift, 6O
Ma i nt e mhearys @ltdre & Society 24:3 (2007), 425.
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early 2010s, with the emergence of the concept of obsolescence, with new interest in
infrastructure studies, the support of repair by DIY and maker movements, and formations of
research groups such as TNmintainers the themes of maintenee and repair have been

enjoying a rise in popularity.

Despite such themes being present, a general history of maintenance is yet to b& Tiéten.
most comprehensive summary of a history of maintenance has been written by David Edgerton,
but he focued more extensively in the ®@entury aspects of the practi®eHdowever, the case
studies and articles that embraced the theme of maintenance have focused on maintenance and
repair practices within history of science and technology at other time peSioasn Schaffer
approached the problem through analysing how the breakdown of instruments both altered and
maintained the relationship between instrument makers and their clients. His article on the
instruments for the observatory at Bombay examined tteneto which maintenance and repair

of instruments were considered part of the siéll of astronomers.Other works emphasise

most prominently the role of instruments in transition from one place to another, as opposed to
the role of local observatorytadf.® For instance, McAleer highlighted how the cases within
which the instruments were transported had to be given special attention throughout shipping.

When maintenance practices at local level are mentioned, then the focus tends to remain on the

8 In recent yearsThe Maintainersesearch group was established which attempts to bring together researchers in the
field, and popularise the concept as a crantovewiews m of ap
of the wide variety of research topics covered by the group see the conference papers published online at
themaintainers.org, or Denis, Mongili, and PontiMaintenance and & Repair in Science and Technology Studies

pp. 515.

? For a historyof maintenance and repair of scientific instruments in the nineteenth century, see SEhaifier,

Cracked Maintenance practices are also a focus of research within the fields of Sociology of Science. For an
example see Cyrus C.eWrHumangbge Kndnmedge ant ContaminBtiomn in Matérials

S c i e Barial Studies of Scien@83:1 (2001), 736.

19 Edgerton The Shock of the Qld

™ Simon SchafferThe Bombay Cas@p. 172173

2 vano Dal Prete, 0Br ok erape ghe ltalias Journeysefri-tarsz Xaver voN daglho | e on 6 s
(18071 8 1 Annéls of Science&’1:1 (2014), 8201 (pp. 8586); for discussion on the repair and maintenance of
scientific instrumentSt adrogna ztehres nagtBakElPexisioeppp. | MRBAS eeerr d,
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astonomers as opposed to on the | ocal staff. /
study of Astronomy in Indiawhich described in great detail the significant role of Mir Mohsin,

the personal instrument maker and maintainer to the expedition of&Evegest?

When the practice of maintenance is discussed in the scholarship, the term tends not to be
distinguished from repaif. While similarities do exist between the two concepts, conflating the
two terms overlooks the crucial differences. Most intgatly, maintenance takes place while an
instrument is still in working order. By contrast, repair refers to the restoration to a working
order, implying that the instrument is broken. Such breakdowns and repairs are often recorded as
they disrupt the wiiing order. As a result, they are easier to notice or identify. For example, the
6astronomers at wa r O0-cerupyi astmrbmicalwconintunityn brokei qute t e e n
because of an instrument was deemed faulty. By contrast, acts of maintenance remstin alm
invisible in historical records. Since maintenance takes place while the instrument is still
working, it tends to generate less of a shock in the workflow. However, maintenance (and its
absence) only becomes noticed, when its absérmes to a breakdan after the gradual
accumulation of problems. According to David Gill, the first copy of the Transit Circle (made for
the Royal Observatory at the Cape of Good Hope) fell into exactly this problem due to years of
neglect'® This example illustrates the dakmess of investigating the Transit Circle at the Royal
Observatory, Greenwich: it was not only under constant maintenance, but the practices
themselves kept the instrument in an excellent state of repair that contributed to the survival of

its working oder for more than a hundred years.

13 Joydeep Semstronomy in India, 1784876(London: Pickering & Chatto, 2014), pp.-85.

“YFor an example of this, see Si mo nBritdtelournalfotthe Héteyeof y c | i n g
Science46:4 (2013)627-646 (pp. 637640).

15 David Gill, A History and Description of the Royal Observatory, Cape of Good Hdp® n d o n : Hi s Majest
Stationery Office, 1913), p. xI.
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Records of acts of maintenance are difficult to find, as they are most often embedded in the
6ordinary busi n ¥ assadresutftheyw haye aonbie slaived fom smanuscripts
related to the creations and adteons of such regulations, or when maintenance was not carried
out properly. The advantage of studying maintenance in connection to the Transit Circle lies in
Ai rydos met ikeepingbabis whicle leddortree survival of the internal notes exchlange
between Airy and the Observatory staff at every level of the organisation. These notes provide us
with a glimpse into the role that the members of staff played in the maintenance and repair of
instruments at the local level. The notes also paint a piciuhow the different members of the
observatory staff practiced maintenance, how they perceived the instrument, and the relationship
between Airy and the members of the Observatory staff. Maintenance often continues in
modi fied form ewvgnl iaffe®@roft hean Awlos ki ument . | n
there also survives a set of instructions (mainly for purposes of conservation) written by one of

the last of its users upon the transformation of the Observatory into a museum.

Chapter 3 willapply a traditional analysis of maintenance, by examining how the Transit Circle
was maintained through modifying parts of the instrument and altering its materiality. Chapters 4
and 5 will go beyond the limited use of the term maintenance as a set idgwdbat directly
interact with the materiality of the instrument. Chapter 4 will introduce the term calculative
maintenance, which refers to the maintenance of the instrument through mathematical
calculations as opposed to through modification of theéernadity of the instrument. This
conceptualisation of maintenance enlists practices that are carried out in relation to the
instrument, but without the physical modification of its materiality. Following David Aubin, it

considers mathematics as a toolhwmithich astronomers and observatory staff tinkered with the

¥s60O0rdinary businessd was the term usedookplaceASeey t o desc:
Astronomer RRGO®&RRZRE Jour nal
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Transit Circle'’ Going beyond physical alteration not only illuminates the role of a new network

of individuals (the computers), but also highlights the hierarchy of knowledge imposed on the
astronomedartisanrelations by astronomers. Within this hierarchy, an astronomaer a (re

)maker of instruments too. Since no instrument was ever perfect, their task was to calculate the
errors of the instrument on paper. Within this light, the Transit Circle will take up an existence in
both physical form (standing inside the Obsetvor y ) , and an o6ideal & i mr
through the large scale and long series of calculations. Chapter 5 will consider the Transit Circle

not only as a scientific instrument, but also an instrument that symbolised the reputation of the
Observabr y. The chapter will argue that the 06i mac

<

audiences was another ideal and immaterial form of the instrument. The construction of its

0i maged and Airyods attempts to c oedwerediectddow an

at maintaining the reputation of the instrument.

3.1 ANBQa LIKEAAOFE YFIAYyGSyFryOS 2F AyaidNdHzyS

Analysing maintenance practices provides us with new insights into the extent to which
factory mentality was introduced ued  Ai ryo6s di r ect ofEhédivisionof t he
astronomical mental labour and the specialisation of the assistants into the use of different
instruments reflected the management techniques applied to the running of factories in industrial

Britain. An analysis of maintenance practices expands upon such a scholarship, by demonstrating

"David Aubin, 60On the Epistemic and Social Foundations
17931846 06, in Johannes L e nMaherdaticaasc Tagzhant, Switzer@iadr Springer, (e ds . )
2017), 177196.

18 ChapmanSir George Airy and the Concept of International Standapgs 321328; SchafferAstronomers Mark

Time Smith,A National Observatory Transformed

147



Airyds role not as a despotic manager of a f
strived to keep a continuous eye on the work carried out at the Olosg\/athile previous

studies by Schaffer and Hoffman on the personal equation linked the factory mentality with the
surveillance of individuals, they did not analyse in detail the surveillance of inanimate
instruments? This chapter fill this gap in the solarship by analysing the surveillance regime

under which the instrument was placed. Within such a framework, the Transit Circle was no
longer seen as passive and inanimate, but rather as an entity that required to be put under

surveillance precisely begse of its active and animated nature.

Mai ntenance practices also shed |light on the
demonstrating the role that the workmen of established instrument makers as well as the
assistants and carpenters of the Olztery played in maintaining the Transit Ciréfavhile

articles in the past have focused on the individual assistants of the Observatory, through the lens

of maintenance we are able to highlight how the assistants and other members of the Observatory

collaborated with each oth&.

YAiryoés image as a dslicitcttolryi adhallilrercg eod ihrasChapmanods | &
provided a more personal account of the astronomer . Se

William Sayers: the noescientific staff of the Royal Observatory, Greenwich, in Micioa n  Jourmaleos 6 ,

Astronomical History and Heritag®:1 (2003), 2736. David Gill, Astronomer Royal at the Cape of Good Hope

Observatory, also painted a humane and joyful image of Airy in his memoirs. For this, see: Georg®huithes,

Gill: Man and AstronomefLondon, Albemarle Street: John Murray, 1916), p. 85.

20 gchaffer Astronomers Mark Time Chr i st oph Hof fmann, 6éConstant differer
concept of the observer in early nineteecg¢ntury practical astronomy andthebt ory of t he per sonal

The British Journal for the History of Sciend®:3 (2007), 33365.

ATheir role seemed to have been the same as the fAinvis
essential at the time when scientifiork was carried out, but left out from the majority of historical accounts.

Shapin ,The Invisible Technician

ZFor a historical summary on the assistants under Geor
Gr e e nwi cThe Astiguarfiah Aspnomer 6 (2012), pp. 4L.8. For an introduction to the life of Edwin Dunkin,

see: DunkinA Far Off Vision For a discussion on the life of Edward Walter Maunder see: Anthony J. Kinder,

O0Edward Walter Maga8er FRR&SI { L& thaABnitsh Astronoenisad Assodiadiam,r n a |

118:1 (2008), pp. 242.
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Since maintenance focuses mostly on practices that took place within the grounds of the
Observatory, it also questions the extent to which the instrument making process was gradually
removed from the observatory sites during 188 century® As opposed to the removal of all

the practices related to instrument making, this chapter highlights how maintenance as a form of
instrument making partially remained bound with the functions of the site where the instrument
was used. Focusy on maintenance also asks the question whether the making of instruments is
ever completed. Or to put it differently: is an instrument completed once the instrument maker
hands it over to the client? As the chapter shows, an instrument is always rdadETeaue.
Therefore, the Transit Circle needs to be considered as an instrument that is in@rapgerg

state, constantly becoming an instrument as opposed to being the same one throughout its life.
This shift in approach requires us to consider tistriiment differently at different parts of its
lifetime, since through maintenance and repair the materiality of the instrument (and the

assemblage, which it forms part of) is constantly modified.

4. The physical maintenance of the Transit Circle

Frequently checking an instrument for its errors was a general practice within nineteenth
century science. Schickore highlighted how microscopes were checked by men of science after
they were purchased because of the bad experiences that they had wittiotbecope$?

Frederick Kurzer showed how people holding professorships in chemistry at the laboratory of the

2 Herrmann The history of astronomy. 158.
#Jutta SchiPclesrat o6Bwerdi ments: Expl ori ng Perspsctivesome nt s
Science9:2 (2002), 124.46.
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London Institution were responsible for the maintenance of the equipment present at’the site.
Fleetwood demonstrated through topographical eys\of the Himalayas that the users of the
instruments had to rely on themselves for the maintenance of the instruments while they were
away from the centres for networks of sciefilRat cl i f feds analysis of
Venus expeditions similpr described that while some instruments were more trusted than
others, before and after use their errors had to be measuredraedsered! This recurring and
painstaking work was highlighted one ofthe journals of the observess the Sandiwch Islats

too, where the monotony of work wédsoken by infrequent earthquakes that offset the previous

adjustments of the instrumefft.

The Transit Circle was classified as a precision instrument and as such it required constant
maintenance in order to manage firecisiorf’ Its errors and precision had to be checked on an

hourly basis while being in use. As a result, the Transit Circle serves as an excellent example for

an analysis of maintenance practices. Ikrief d
found in Satterthwaiteos t h#&sdwsveraha fibcused mostc| e a
on the major repair works, such as the modification of the central cube -@idsien of the

divided circle. At the same time, his works relied almostusigely on the official publications

of the Observatory (especially on thanual Reportsand on the description of the Transit Circle

attached to the Greenwich Observations published in 1854 and in 1869).

BFrederick Kurzer, o6Chemistry afd 1l@hbalswfSciensd82(200)he Lond.
163-201.

®Lachlan Fleetwood, 60No former travelers having attai
inscriptions, and bodgin the Himalaya, 1800 8 3 Migiory of Science56:1 (2018), 34.

27 Ratcliffe, The Transit of Venus Enterprise in Victorian Britan 101

28 Honolulu Station Journal, RGO 59/70, p. 81.

29 For more on the care and maintenance demanded within preeigjoreering see Evarrecision engineering

30 satterthwaiteThe History of the Airy Transit CirclSatterthwaiteAi r y6s transit circle.
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Relying on the official publications of the Obsgatory has one major advantage. Since Airy
meticulously recorded the major changes made to the instrument in them, such an approach is
useful i n providing a detailed outline of the
were written by Airy hinself, he was able to exercise great control over what was included and
excluded from the accountsOn the other hand, the aim of the Reports was to provide the

Board of Visitors with an overview of what happened at (and to) the Observatory during the past
year. In this light, Airy was not expected to include in them discussions about possible
alternatves. Furthermore, the minutes of the meetings record very little of the discussions that
took pl ace. Therefore, reliance on the offici
were always met with approval, and that no negotiations had tpl@te Instead of focusing on

the official accounts, this chapter analyses the correspondence between Airy and the maintainers

of the Transit Circle, and relies on the internal notes and reports written by the members of the
Observatory staff. Thereforde two sets of resources combined (official and internal) provide a

more complete picture of both the AAIiTry erao

Within the official documents, there is a general absence of descriptions of maintenance
pradices. Yet, the archives reveal that maintenance and repair featured prominently in the
Observatoryds everyday routine. Wi thin the Ai
a large part of th©ccasional Order®lders® It includes notes exchged between Airy and the
observers about the distribution of the work related to the Transit Circle. Similarly, it includes

direct orders to the observatory staff on maintenance and repair related to the instrument.

31 Chapter 1 on the story of the object glass demonstrated how despite the Annual Reports and the official
Descripton of the Transit Circle only mentioning William Simms as the supplier of the glass, Airy did not reveal

t hat he contacted other opticians too. Another notable
regular inclusion of criticism aboutork related to chronometer ratings taking away both time and resources from
t he Observatoryédéds astronomical projects.

32 SeeOccasional orders to AssistanRGO 6/3341.
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Another large source of material can fseind within the Papers on moveable property

includes theReports on the States of the Instrumewisich was a monthly report on the state of

the instruments at the Observatory compiled by the First Assidtafith e document ¢
significance was frequdly highlighted when Airy asked for its correction and for its completion

(when not sent to him in timé&j The Reports on the State of the Instrumemtsvide us with a

different side of the history of the Transit Circle. It shows the Transit Circle iora fmagile

light where parts of the instrument quite regularly broke down and required frequent repair or
essential maintenance. To put it differently, they were in frequent state of didrepain a

constant state of physical fli%The table below lustrates the repair and maintenance work

related to the Transit Circle mentionedtire Annual Reportsn comparison to th&®eports on

the State of the Instrumerdsring the year 1857.

Annual Report of the Astronomer Royal Reports on the State of therstruments

New eyepiece added for measurfMar ch: At he instrum

personal equation

May : feast band of

getting very much t

July: Athe 1instrume

September: At i n (o

#This position was renamed in 1870 hispositomiasthkenrruplyi st ant .
Robert Main from 1835 to 1860, Edward Stone from 1860 to 1870, and William Christie from 1870 to 1881.

34 George Airy to Edward Stone, 1862, RGO 6/61; George Airy to Robert Main, 1858, RGO 6/60, 625

3 Schaffer Easily Crackedpp. 706717.

3 Baker, Precision pp. 1429.

3" For the Reports, see Robert MaReport on the State of Instrumerf&S0 6/58 24261.
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t her momet er needs r

October: trough needs more mercury

November: the third wire of the eysece is

missing

December: clock Hardy is broken

The Correspondence with Tradesmsgction takes up another key part of the archives related to
the maintenance of the instruméftwvi t hi n this group of folders,
with the main instrument makers (Troughton & Simms, Ransdnglay, and Dent) about the
constructon, repair, and maintenance of the Transit Circle. The existence of these letters open up
the need for future analysis to consider what role the maintenance of instruments played in
managing the relations between instrument makers and the Observatorihéorclents).
Furthermore, the large number of letters demonstrate the active and close involvement of the
instrument makers with the Observatory, as well as the instiuteom d t he f i r msdé s
relationships. Within these files we also find the esoiexchanged between Airy and the
carpenter/chief of works of the Observatory. Despite his very rare mention in the accounts of the
observatory, these notes take up the-tddayr gest
orders to the carpenteraged to the maintenance of both instruments and buildings, while a few
others to the construction of general items such as boxes. The final set of documents relating to
the maintenance and repair of the Transit Circle can be found withi@dhespondere on

instrumentdiles. They include the most diverse range of manuscripts about the Transit Circle by

38 SeeCorrespondence with tradesmeRGO 6/715758.
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bringing together the original plans for it, the internal notes related to the determination of the

errors of the instrument, and correspondence witbrathtronomers about it.

The seemingly scattered distribution of the manuscripts related to the Transit Circle is a
refl ection of Airyobés arrangement of the docum
how Airy thought about the instrumerfirst, it is noticeable that the documents were not
brought together under a collective heading of the Transit Circle. Instead, the documents were
distributed according to their function within the running of the Observatory. This was the reason

why the nternal notes to members of staff and the correspondence with the instrument makers
ended up under different headings. At the same time, such a categorisation was also helpful in
collating the quarterly bills of the Observatory for which Airy was resptmsievertheless,

Airyds final arrangements of the archives ref

While the chapter has only focused on the differences in the various sources and reports so far, it

is also useful to point out the similaritié®tween the two sebf sources. Both thénnual
Reportsand theReports on the State of Instrume®SI) consider the internal parts of the

Transit Circle (e.g. micrometer screws or wires in the-pagees) as well as the external
instruments surroundinigj (e.g. thermometers, collimators, clocks etc.). For example, within the

RSI under the | abel of ATransit Circleo the i
parts (e.g. object glass) and external instruments surrounding it (e.g. thetaegy William

Hardy , as opposed to the ATransit Circleodo as
associated with the Transit Circle, but not directly connected to the instrument (e.g. clock Hardy,

the collimators, barometers and thermomegtemsre mentioned in conjunction with the Transit

¥ I'n the current collection of the Royal Maysigeteals Greenw
regulator by William Hardyd6 (Object |1 D: ZAA0591).
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Circle in theAnnual Reportsis well as in th&reenwich Observatioti$ It was only the Barrel
Chronograph (to which several other instruments were connected) that was given its own
separate account in th&nnual ReportsAs a result, it can be argued that thensit Circle
appeared as a label for the assemblage of smaller parts and instruments surrounding it instead of
an instrument on its own. If this approach is taken further, then the history of thienaaice of

the Transit Circle is not a single history of an individual entity. Instead, it transforms into

multiple histories told through the history of the maintenance of its multiple parts.

5. Instrument Makers

The main instrument makers involved in thaintenance and repair of the Airy Transit
Circle were the firms Troughton & Simms, and Ransomes & May. Both firms carried out
essential repair for decades following the installation of the instrument at the Observatory in
1850. This chapter considers thie of the workmen employed by Troughton & Simms and
Ransome & May, and demonstrates the role of maintenance and repair as ways for instrument
makers to manage their business ties with the Observatory. Through the continuous maintenance

of the instrumentthe Transit Circle appears abng-term investment for instrument makers.

Ransome & May were involved in two major repair programmes after the installation of the
Transit Circle. Their first involvement related to the breaking of the chains usedidmgrthe
tel escope tube. Airyés and the staffds accoun

the members of the observatory staff, nor the instruments were injured. However, a new set of

“0 For a description of the thermometers and barometers as well as their uses in relatidinawosin€ircle, see
Astronomical Observations made at the Royal Observatory, Greenwich in the yedtd8é@n: George Edward
Eyre, and William Spottiswoode, 1864) pp. iiii.
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chains had to be installed on the lifting apparainsboth piers. In this repair work, the older
design of small oval chain link was replaced with bigger and sturdier rectangulat'lifike

second one was the perforation of the central cube of the telescope tube in order to make the
collimation error mesurements easiéf The perforations served as means to adjust the lines of
sight of the collimating telescopes without the need to lift the Transit Circle up. This project
required long preparation and discussion about whether such a modification tstthenémt

would make it defective, and whether there was a need to remove the telescope tube from the
Observatory to execute the task to the highest stafftilirdhe end, Airy and the instrument
makers decided to carry out the necessary work at the Otmgrwaithout removing the
telescope from its place. The project was successful, caused no new major deviations into the
flexure of the telescope tube, and led to the replacement of the original collimating telescopes
with two larger one$? While the perfoation of the central cube was not a straightforward repair

of the instrument, it demonstratadlose connectiomvith and thesignificance of measuring its
errors. In fact, making the process of measuring the collimation error easier was so important to

Airy that he was willing to make alterations to the materiality of the instrument.

Troughton & Simms were involved in the r@pand maintenance of the optical parts of the
instument®*They also served as Airyods remote hand

Transit Circle. The Astronomer Royal noted this point when he requested a new design for the

“L For the official report of the incident séReport of the Astronomer Ral to the Board of Visitors of the Royal

Observatory 1864, p. 7.; for the discussion between Airy and Charles May regarding the best way to repair the

instrument and how to prevent the same accident from happening in the future, see RGO 65601 549

“2 This modification was so useful that it was already implemented in the first copy of the Airy Transit Circle made

for the Cape of Good Hope observatory just a few years the original one had been completed.

“3 For correspondence in relation to the prepardtoithe piercing of the telescope tube, €zgrespondence with

tradesmen 186RGO 6/743, 449175

4 Report of the Astronomer Royal to the Board of Visitors of the Royal Observatory, 1866, p. 9.

“5 For a brief history of the individual parts of the telescope, including their repairs see Satterthwaitey 6 s t r ansi t
circle., and LowneThe Object Glass of the Airy Transit Circle at GreenwichFor Airydés correspond
Ransome & May on the meafhiaal parts of the telescope and with Troughton and Simms on the optical parts of the
instrument se€orrespondence with tradesmeRGO 6/724741.

156



micrometer screws on theyepiece of the Transit Circle and indirectly apologised for his
occasional requests for the 6humbBThefrmoast ri van
most often contacted for the repair of the optical parts of the instrument, which included the
replacement of transit wires in the eyepiece, the repair of the eyepiece sliders, and the adjustment

of screws in the eyepieces of the telescope and of the micrometers in tHe ld@szver, the

instrument makers also occasionally carried out maintenancetheatrkequired more specialist
knowledge such as the cleaning anghoéishing the object glass of the Transit Circle. Similarly,

before the Annual Visitations the firm was called upon for the thorough cleaning of the

instruments of the Observatdf.

The maintenance and repair work was carried out botkienand in the workshops of the firm.
Towards the end of Airyds directorship, we fi
the workmen sent by the firm to the Observatory, and therefore requigstitagsks to be carried

out by the main instrument makers themselves in the flitewever, the journals related to

the Transit of Venus expeditions kept by George Tupman (one of the supervisors of the
expeditions) recorded more trust in the workmatheffirm (referred to simply as Mr. Skinner);

based on his frequent return, one gets the impression that he was considered almost as part of the

Transit of Venus teant.

“6 George Airy to Troughton & Simms, 23 October 1865, RGO 6/743 1037.

*"The correspondence between AiryandTrght on & Simms under Airyodés director
from 1835 to 1881, and the majority of the letters form part o€thveespondence with Tradesmgacuments RGO

6/715158.

“8 For an example to this annually recurring request, see Edwagesb Btone to Troughton & Simms, 12 May 1869,

RGO 6/747 767.

9 George Airy to Troughton & Simms, 8 April 1871, RGO 6/749 761.

0 The journals kept by Tupman recorded to the work carried out at Greenwich in relation to the Transit of Venus
expedition 1874unde t he over all superintendence of Airy. Captair
February 1874, RGO 59/56/2 60. The journal was recently digitised by Cambridge University Library and the

relevant page can be accessed via: https://cudl.lib.cam.aewkdAS-RGO-000530005600002/25.
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Fig. 23. Photograph showing the perforations of the central cube (1932 Miroirdu Monde 27
August 1932)

Comparing Airyds levels of trust in the two
Whil e Charles May was still a member of Ranso
in relation to the maintenance and repaithe Transit Circle. This was not surprising, as May

had been associated with the construction of observatories Before, had his own private
observatory tod? May was just as engaged in the construction of mechanical parts of the Transit
Circle, asSimms was in the making of optical parts. While unfortunately no correspondence

seem to have survived between Simms and May, Chapter 2 has shown that the two instrument

®John Lee, 6An Account of tMomrthly®lbtises of th@RoyalAgtromomicaHar t we | |
Society 14 (1854), 21816 (p. 215).
2 Minutes of Proceedings of the Institution of Civil Engineers. (London, 1861) p. 149.
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makers kept in touch and helped out each othéto we v er |, after Mayos
Ransome & May, the Astronomer Royal had to rely on the services of the workmen sent by the
Ransomes, which demonstrated that May was the main expert in astronomical instrument
making at the firm. Despite this, Airy repeatedly requested the presence ofrtbeveakman,

James Hardy, to carry out the necessary repair work on the instrifritéig.showed that Airy
seemed to have been satisfied with the services and the work of James Hardy, unlike with the
services of the workmen of Troughton & Simms. At thisnpoit is important to note thatames

Hardy engaged in mechanical issues, while the workmen of Troughton & Simms worked on
optical issues related to the instrument. Even though optical work tends to be associated with
more specialist knowledge, given thiecision that had to be attained with the instrument (which
relied on both high quality mechanical and optical performance), the mechanical work also had
to incorporate specialist knowl edge. This is
specalist process chilletton technique for the casgnof the body the telescopéut also

through the solutions provided for the mechanical errors of the instrument.

The discussion about the workmen of the instrument makers highinghbidden technicians of
scientific work. A reliance on them became more apparent upon their absence. This is best
illustrated with one of the letters sent by Charles May to Airy, in which the instrument maker
apologises for attaching only a lesser gyadchematic to his answer due to the draughtsman of
the company not being present at their factory at the fifigamining the involvement of these
individuals provides us with a critical look into their activities. Instead of romanticising their

actionsthe Airy Papers reveal the hidden workmen through the errors that they made during the

3 George Airy to Charles May, 7 Jul 1848, RGO 6/721

>4 For an example see the documents relating to the repair of the lifting apparatus RGO 6/741 552, 560 and RGO
6/742 53.

%> Charles May to George Airy, 28 May 1849, RGO 6/722-612.
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maintenance and repair of the Transit Circle. This was highlighted by Airy requesting his First
Assistant to be present when workers carried out tasks around themmstywr when the
Astronomer Royal complained about the poor work carried out by thém.r yds not es
letters show us that he expected the same reliability from the workmen as from the instrument
makers they worked for (William Simms and Charles Mayje Tailure of the workmen to live

up to Airybs expectations | ed Airy to request

the repair work’

These examples demonstrate two significant additions to our understanding of the Transit Circle,
andthemt eriality of scientific instrdunsteiments i n ¢
makeré relationship did not end abruptly afte
Instead, the type of products and services offered by the instrunadetrs simply shifted away

from manufacturing towards maintenance, repair, and modification. As a result, instrument
makers and their practices should not be analysed only throughatkiagof instruments, but

also through theire-making By changing trs frame of reference, we are also able to perceive

the Transit Circle in different ways. As opposed to considering it as -®fompeoduct of the

instrument makers, it becomes understood as a product that yieldeetongeturns for the

instrument makers hr ough the telescopebds frequent mai r
total cost of an instrument should not only consider the initial sum of money paid for its
construction, but also the cost of maintenance and repair over the lifetime of thepef€sco

Second, maintenance and repair works on the Transit Circle were carried out either because the

materiality of the telescope underwent changes and/or because Airy wanted to inscribe

®For Airyds request to his first assistant to supervis
" George Airy to Troughton & Simms, 18 January 1872, RGO 6/750 762.

%8 For te financial benefits of maintenance and repair work see Alison Mostisan Making Scientific

Instruments in the Industrial Revoluti¢Aldershot, Hampshire: Ashgate, 2007), pp. 43, 75 & 268.
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alterations into its materiality. Therefore, approaching an instrutheotigh maintenance and
repair practices depict any instrument as a constantly changing artefact as opposed to one that
remains in the same condition throughout its entire period of°Ugeough this consideration,

the history of an instrument needs ® $een differently at different stages of its life. At each
stage, the users of the instrument had to adjust to the material conditions of the artefact at that
given moment, while at the same time had to shape the materiality of the telescope. This
recipracal framing of the interactions show that the Transit Circle was not a passive bystander at
the Observatory, but rather an instrument that actively shaped through its errors and malfunctions
the work of individuals. For instance, the perforation of théreknube meant changing both the
method and the accuracy of the measurements of the instrumental errors, thereby significantly
changing the amount of time spent on the regular maintenance of the telescope, as well as

achieving higher precision with the s#rvations.

The analysis of the correspondence between Airy and the instrument makers also draws attention
to the Astronomer Royal 6s close invol vement i
Instead of simply requesting the instrument makergpair the Transit Circle, Airy presented

them with his own ideas regarding how improvements could be made to the tef8stise.

type of work challenges the current scholarship on Airy which depicts him as someone who was

too busy to devote himself comple |l y t o t he work of the Obser\
scientific and technical advisor to the gover
everyday operations of the instrument. For instance, Smith draws upon the criticism brought

formardby James South against Airy for o6éneglecti |

%9 Schaffer,Easily Crackedp. 708.
€0 There are also a colepof references made to Airy participating in the cleaning of the Transit Circle. For Airy
cleaning the micrometerssfes t r o n o me r R BEQa6I256 55. Far Aty cleaairng the object glass of the
telescope, seRS| RGO 6/62 355.
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advi s o fRurthermére dince Airy only made one recorded observation with the Transit
Circle after the installation of the instrument, it also fuelled an im&geecastronomer who was
distant from the instrumefit However, not observing with an instrument was different from not
being involved with its general management. By approaching the history of the Transit Circle
through Airyds enga gme meithat havwas blosety anvolvédemthathec e |,

mai ntenance of the telescopebds performance de

6. The Observatory Staff

Maintenance and repair work was not a practice carried out exclusively by instrument
makers. TheObservatory staff interacted with the Transit Circle on a daily basis, frequently
modi fied it according to their or Airyoés wish
repair on it in times of need or when the job did not require specialighreent. Essential
maintenance referred to the cleaning, dusting, oiling, and other basic tasks related to the
materiality of the Transit Circle. These tasks were most often carried out by the carpenter/chief
of works of the observatory: initially by thedividual known only as Mr. Green, from the early
1860s by J. Simmons and Mr. Green together, and from the late 1860s by J. Simmof alone.
While on the surface these tasks seem to require only very basic skills, when cleaning was
undertaken by other peopdeound the Transit Circle, the main or a high ranked assistant had to

be present to supervise the workmen, making sure that they did not unintentionally adjust its

®LRobert Smithp ANat i onal Obser vpptl®3y Transfor med?o

82 gatterthwaiteAi r yos tdanpi t181rchAieryos | ack of o6practical ent
in a letter from Romney Robinson to William Rowan Hamilton. For this see Giatesf Sir William Rowan

Hamilton, vol. 1, p. 432.

83 Correspondence with Green can be found inGtbeespondence with tradesmferiders until 1864 RGO 6/742.

In the early 1860, Simmons and Green appear together, in the same folders, while correspondeB86é from 1

onward only lists Simmons.
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parts®® Therefore, the reliance on the skills of the carpenter without the need to seifEsvis

work demonstrates both the trust in his work as well as the expertise-degtimunderstanding

that he possessed of the instrument. This type of maintenance also included the weekly raising of
the telescope tube and the oiling of the moving pdrthe Transit Circle. The raising of the
instrument served two purposes. First, it allowed access to the bearings of the instrument in order
to inspect them and to lubricate the brass plates upon which theresdsixis of the telescope

tube rested and tated. Second, lifting the apparatus allowed for the use of collimating
telescopes in order to measure the deviations in the optical axis of the telescope tube. Performing
the two different tasks at the same time signalled their connection to each dticbropens up

the possibility, discussed in the following chapter, of considering the measurement of errors (as
opposed t o Afi xingo t he materi al component s

maintenance.

The connection between essential maintenamckethe necessary skill set which it required was

hi ghlighted by another case, when the carpen:
leave. Airy agreed to this, but his condition for Green was to begin his leave after the weekly
Monday maintenancend lifting of the instrument, so that in his absence the Observatory was

only going to miss the task oné®.The exchange of letters illuminated that neither the
maintenance, nor the weekly lifting of the instrument was an easily transferable task teethe ot
members of the Observatory. Rather, it required the specialist skill set of the carpenter. Other
roles of the carpenters included the execution of minor tinkering with instruments around the
Observatory and fabrication of items that Airy wished to lz&len As a result of this, we find

notes sent by Airy relating to the making of minor artefacts such as boxes, chairs, and tools for

4 George Airy to Robert Main, RGO 6/38 42.
% Green to George Airy, RGO 6/727 504; Airy to Green, RGO 6/727 508.
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specific purpose§® The s e not es demonstrate Ai ryos pass
implementing mechanical solutions problems. This image of Airy was recalled by James

Stuart too, who stated that

the whole of the Observatory was full of his inventidordoors which shut by contrivances of
his own, arrangements for holding papers, for making clocks go simultaneously, for
regulating pendulums, for arranging garden beds, for keeping planks from twisting, for every

conceivable thing from the greatest to the smaffest.

These examples allow us to shift the interpre
the rigorous werseeing of tasks as they could be found in factory settings, towards a specific
type of centralised micromanagement whereby the staff of the Observatory appears as the eyes,

ears, and hands of the Astronomer Royal.

Micromanagement also challenges twattier ideas in relation to breakdown and maintenance

of instruments. First, it highlights the multiple actors involved in the maintenance process. As a
result, it redistributes the attention of historical research to various people, highlighting the
possillity of individual variations between maintenance practices. These variations can be
measured through the level of independence that the assistants or the carpenter have in relation to
tinkering with the Transit Circle. Furthermore, it could alsobe nreasad t hr ough Ai r y o
on the quality of the work carried out (as illustrated by the difference between the work of the
instrument makers and their workmen). Second, it highlights the practices of managing both the

maintainers and their work. In consgpce, our attention is directed not only to the hands that

% George Airy to Green, RGO 6/743: 1037.

”James Stuart in his autobiography refers to these con
were possibly created by the carpenter oReminscemep. i nstru
159; fortherelatiom hi p bet ween Airy and Brunel see: R. Angus Buc

Study in British Experience inthe midi n e t e e n tNbtes aral Re¢cords pfidhe Royal Society of Lon8id12
(1978), 215223 (p. 217).
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interacted directly with the materiality of the instrument, but also to the individual who
instructed, advised, or allowed the maintainer to carry out the maintenance of the instrument. In
this light the oO6handé working on the instrument
instrument that it creates) embodies not only the actions and intentions of the maintainer, but also
the actions and intentions of the individual that instructs the maertao carry out the work.
Therefore, it I s necessary to pay attention i
the maintainers are challenging or chdting the instructions of the individual managing the

maintainer.

Maintenance work also @luded the practice of modification, which refers to the rearrangement

of the system of instruments. This practice most prominently featured with the galvanic wire
system and the illuminating systems. Airy requested his First Assistant, Robert Main, and Mr
Green to assist each other in the rearrangement of the wire system, which demonstrates the close
crosshierarchical cooperation within the Observatory rafksFor cases like this, the
Observatory staff had to “fHoWwelepAvi rAyiodrsy 6 v edrestiagih
exercised differently in the case of the assistants and the carpenters. While assistants were
reminded not to tinker with instruments they were not assignétthe, tasks of the carpenters

had to be authorised by the Astronomer RoyalWhi | e acting without Ai
not mentioned in relation to the work of Green, his successor, Simmons was reprimanded for
acting without such authorisatioff. These two different types of implementation of the
restrictions allow us to compathe extent to which the roles of the carpenters and the assistants

were specialised. While the assistants seemed to have a highly specialised role by being

%8 George Airy to Green, RGQ'B30 388.

%9 George Airy to Green, RGO 6/743: 1037.

0 George Airy to John Charles Henderson, RGO 6/38 29.

"Astronomer Royalés Journal, 29 January 1873, RGO 6/26
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associated with specific instruments, the carpenter was allowed to engage and interact with any
instrument as long as the director of the Observatory gave the necessary authorisation. In
consequence, what emerges is a distribution of specialisation where those at the top of the
Observatory hierarchy (the Astronomer Royal and the Chief Assistant)hasd &t the very
bottom (the carpenters and labourers) were the least specialised both in their interactions with the
instruments as well as in terms of regulations, while those at the middle of the hierarchy (the

general assistants and computers) fulfilke most specialised rol&s.

Repair work (as opposed to essential maintenance) was carried out only to a very limited extent
by the Observatory staff, but a few occasions are still mentioned in the surviving documents.
Mo s t stri king waastrategically place a bag ofrstoreed ondhe top of the
Western pier in order to counteract the level error caused by the very gradual sinking of the
Eastern pief? However, after finding it unsuccessful, he decided to place a very thin sheet of
paper (/270 inch in thickness) underneath the eastern Y bedtifigr this repair, Airy
contacted the Ransomes again (now named Ransomes, Sims & Head) to ask for their
suggestions. The firm responded by approoving
solve the issue. Attached to the response to the Astronomer Royal were three sheets of paper of
different thickness so that the Airy and his staff could decide which thickness provided the best
outcome”> However, from the response of Airy we learn thahaet of paper thinner than any

that Ransome had sent was found at the Observatory, and was used for this purpose. In a similar

2 The computers of the Observatory are excluded from this classification, as they wereatieitlegt to modify

the materiality of the instrument, nor to touch the Transit Circle in the absence of an observer. Despite this, Chapter

4 will demonstrate that the computers (along with the
mai ntenancedé of the instrument; see Airy to Breen, op.
3 George Airy to Arthur Biddell, 27 August 1870, RGO 6/748 475 and 7 November 1870, RGO 6/748 476

" George Airy to Arthur Biddell, 14 November 1870, RGO 6/748 484

> These sheets of paper can still be found in the archive catalogued with the letter by Arthur Biddell; see Arthur
Biddell to George Airy, 11 November 1870 RGO 6/4aR.
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case, when it was found out that the collimator heat from the gas burners were affecting the piers
of the Transit Circle and écollimators, tin plates were added to them by the Observatory staff

in order to protect from further effects of the h&athese cases illustrate that modifications and
repairs were carried out by the members of the Observatory staff too, and suchetask®t

exclusively in the hands of the instrument makers.

The examples described above serve the particular theoretical purpose of showing how
interactions with the Transit Circle through maintenance and repair work always referred to
interactions withparts of the instrument and not with the instrument as a whole. In this light, the
name Transit Circle refers exclusively to the specific arrangement of the multiple smaller parts
and instruments that through their interactions with each other produtmdlity of the Transit

Circle. By refocusing the shift from the single history of a single instrument to the multiple
histories of multiple artefacts, the approach allows us to frame the Transit Circle as an
assemblage of these various histories. Thisigdoon the assemblage has the advantage of
bringing forth the conditions, decisions, and operations that eventually produced the constant
assembling process as opposed to limiting historical debates within the scope of the multiple
interpretations of the strument in different narratives. At this point, it is important to emphasise
that assemblage is not the same as convergence. The multiple histories of the instruments do not
Acrosso each or converge at a uniit wiesg thgpoi nt
telescope tube, and all the other parts of the Transit Circle into a single instrument. Instead, it
refers to the interaction of the different entities with each other through their assemblage. As a

result, this approach opens up the dirattio consider the history of each individual part of the

"8 Report of the Astronomer Royal to the Board of Visitors of the Royal Observat®, .86.
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instrument equally and that the Transit Circle denotes the function ascribed to the assemblage of

the artefacts instead of being a single instrument with a history of its own.

7. Conclusion

Similarly to the previous chapters, this chapter has continued to demonstrate how the internal
documents of the Observatory and the correspondence between Airy and tradesmen (Simms and
May) provide new information about the history of the Transit Circle. Witinthemes of this
chapter, the new set of documents highlighted the instrument in a more fragile light. It might be
built in é6the | i keness of htheaimpprtanceaf mmdintai@ingy 6, a
its excellent state of repair did not vanigh.this light, the slap that Newcomb described is
reinterpreted to show the close connection between the Transit Circle and its users, as opposed to
the sturdiness of the instrument. By analysing the maintenance practices related to the
instrument, the chier brought forth two new seof invisible technicians: the Observatory staff
and the workmen of instrument makers. At the same time, the need to maintain and repair the
Transit Circle demonstrated the continued involvement of instrument makers, egentsaft
installation on site. As a result, it showed that being involved in the making of an instrument did
not simply mean engagements throughout its construction, but also provided future work through

maintaining and servicing it.

The main aim of this dpter was to demonstrate the significance of maintenance in the life of
the Transit Circle. By doing so, it added to historical research on maintenance and repair
practices within nineteenttentury contexts. The chapter showed that instruments were not
thought of as static and infallible, but rather as being prone to error and always changing their
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material states due to their interactions with their users and the environment surrounding them.

By analysing the vulnerability of the Transit Circle, the mstne nt 6 s mai nt enance s
of making it reliable. This reliability was achieved through the regular surveillance of all the
actants involved in its maintenance, i.e. the surveillance of both the maintainers and the
maintained instrument. The chapshowed that the division of labour related to the maintenance

of the instrument served as a way to impose surveillance on the practices. The different levels of
specialisation at different ranks minimised the possibility of breaking the instrumentghhro
tinkering. At the same time, the chapter demonstrated that Amnposed hierarchy was not

reflective of the extent to which the Observatory relied on the servicegieén individual. The

temporal absence of the Mr. Green (the carpenter) hightigtitat even the lower ranked

members of staff played crucial roles in maintaining the operations of the instrument.

Through the work of Mr. Green, the chapter expanded the analysis of surveillance from the
individuals to the Transit i&le too. The regular weekly maintenance tasks, and the reports
produced on its state on a monthly basis served as ways to measure and to regulate the constant
gradual changes of the materiality of the instrument. By doing so, the chapter highlighted that
even the instrument that appeared in the 611Kk
in a constant state of flux, which prompted Airy to put it under surveillance the same way as he
managed the Observatory staff. The next chapter will expaod this work by demonstrating

how the materiality of the instrument was transformed into an immaterial state in order to place
the Transit Circle under even further control. Finally, this chapter has continued approaching the
Transit Circle as an assemabk of its parts and auxiliary instruments. Maintenance and repair
practices highlighted exactly this nature of the instrument, since when the Transit Circle broke

down, it was caused by a faulty part, as opposed to a fault in the totality of the instrBmen
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doing so, the approach highlighted that breakdowns disturb the relations between the multiple
parts of an instrument, while maintenance practices serve the purpose of strengthening those
material relations via keeping them in excellent states ofrtéfiae next chapter will expand on

this approach by showing how turning the Transit Circle into an immaterial form via pen and
paper, allowed for strengthening these relations without having to alter or intervene into the

materiality of the instrument
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Chapter 4 Calculative Maintenance

1. What is Calculative Maintenance?

Direct and physical maintenance of the materiality of the Transit Circle formed an essential
part of its life and operation. Such practices highlighted the dynamic relationship between the
instrument and its users. While astronomers, instrument makers, and the Observatory staff
engaged in these practices to keep the Transit Circle in their desired state, the instrument through
its gradual breakdown and its constantly changing materialitytecacted the measures of the
maintainers. To put it differently, through the material reality of the Transit Circle the instrument
was unbecoming itselfr This was due to the material form of the instrument being in
discordance with its immaterial imagid forms produced through calculations and descriptions.
Approaching the Transit Circle from this perspective frames the instrument not as one that was
either Aono (in working order) or Aoffo (brok
reality underwent continuous change. This approach to scientific instruments in general proves to
be useful, since it shifts the problem away from identifying whether an instrument was either
Aono or Aof f O, and instead f otheisstrismenbanditshe O
maintainers, i.e. the performativity of their relations. In the case of the Transit Circle, the
approach further highlights how maintenance practices contributed to its precision. Through

material dialogue, the precision of the TsarCircle is seen as the performativity of both the

! The term urbecoming is a play on the philosophical concept of becoming in its traditional use, which denotes the
constantly changing order of things (as in the work of Heraclitus, Nietzsche, Bergson, aegheigidVith the

term urbecoming, intend to emphasise the discordance between what is expected from things to change into (i.e.
become), and how they deviate from such expected paths (become).
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instrument and its usef&lhis chapter argues that through such a dialogue the maintainers of the
Transit Circle were attempting to inscribe their own ideas about the instrument into its
materiality, whie at the same time the instrument responded by constantly deviating from such

inscriptions.

As the previous chapter demonstrated, the general approach to analysing maintenance and repair
of instruments focuses on the alterations made to their physitatiality. This chapter expands

on this approach by showing that through the measurements of instrumental errors, the reliability
of instruments was also maintained on paper during the reduction of the observations. This way,
the mathematical tools empkey by astronomers and computers became tools similar to those
found in the workshops of instrument ™Makers o
the same time, the new mathematical tools also served as a way for astronomers to impose a
hierarcly between them and the instrument makers. Within these power dynamics, the
instrument makersreated themwhile the astronomers brought the instruments even closer to
perfection through numerical calculationdn this chapter, such practices will be |dbél
calculative maintenancelThe term will refer to the measurement of the errors of the Transit
Circle, and to the mathematical corrections that were subsequently used during the reduction of
the observations (calculations that took into account enviratahenstrumental, and human

factors affecting the observations).

This chapter will begin with an overview of how instrumental errors were treated within
nineteentkcentury astronomy. The values of such errors changed quite often due to

environmental (e.g. temperature changes, or movement of the ground) and human(dagtors

2 This can be read as an attempt to demonstrate how it is not only humans brirthitigefontologies of the order
of things, but similarly, the things bringing forth human beings. See Annamarid MoBody Multipl§Duke
University Press, 2002), pp-©

% See AubinMathematics as Tool and Instrument in Observatorgs 177196.
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observers misadjusting the instrument). As a result, astronomers had to make frequent and
repeated measurements of these errors. While astronomers had been aware of the impact of
instrumental errors before the nineteenth century, the chapter d@ngii¢se implementation of
increased division of labour into astronomical work as well as the increased precision of
astronomical instruments contributed to the more widespread reliance on calculative
maintenance during the nineteenth century. The chaptet | t hen exami ne Airy¢
calculative maintenance practices into the operations of the Cambridge Observatory during his
early career. It will be followed by an analysis of how calculative maintenance was implemented
into the operations of ¢hObservatory at Greenwich. By doing so, the chapter will show the
differences and the similarities that were involved in the calculative maintenance of instruments
at the two different observatories (i.e. between a university observatory and a national
observatory). Calculative maintenance within the context of the Greenwich Observatory will
demonstrate how it was shaped according to a factory mentality that was introduced by Airy into
its management. It was transformed through the division of labourhensutveillance of both

the instruments and the staff. Through an analysis of calculative maintenance, the Transit Circle
will be approached as part of the assemblage of the larger organisational context that contributed

to the production of astronomicadtad at the Observatory.

2. Instrumental errors during the nineteenth century

Even though evegreater precision was attained through the new methods of instrument
makers during the nineteenth century, astronomical instruments were not considered to provide

perfect measurementsAs noted in Chapter,Herscheldid not consider instrument makers to

173



have the ability to create perfect (as in faultless) instrumddespite this, it was not impossible

to go beyond the accuracy attainable through the matgnwdlihe instrument. Noting this point,

Herschel emphasised that the material obstacles can be overcome through the work of the
practical astronomers who directed their att
[instrumental and observational] errpmsither by annihilating, or by taking account of, and

al | owi ng °®This and sintilarstater@ents were significant for two reasons. First, they
demonstrated that instruments continued changing their states even after their construction
process was fished: through the measurements of instrumental errors, astronomers continued
transforming their immaterial forms on paper. Second, the distinction highlighted by Bessel
between the physical and calculative maintenance of instruments imposed a hieeanagnb

the astronomers and the instrument makers. This was a belief that Airy also shared and noted in a
memo to his Chief Assistant, Robert Main: an astronomer should never consult an optician until

he checked the theory brmharshuhdernstand thd tlreory far pettex s 6 w
than they [t°herwdsi sassJudioi @n t o Main highl

theoretical (and calculative) correction of instrumental error in this hierarchy.

Even though Bessel emphasised the ingaland remaking of astronomical instruments, it was

not yet a commonplace practice at the beginning of the nineteenth century. It was even less
frequent to publish the individual values used for the numerical corrections of the instruments.
This is whereBessel contributed to the history of calculative maintenance of astronomical
instrument. David Aubin described him as one of the originators of the use of mathematics as a

tool within the Observatory as well as within astronomical reseafi$.contribution was also

* HerschelOutlines of Astronomyp. 76.

® Ibid. p. 77.

® Airy to Main, 1852, RGO 6/29 97.

" Aubin, Mathematics as Tool and Instrument in Observatories
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highlighted by the late nineteertientury astronomer Simon Newcomb, who considered him the
founder of the 6Ger man ?%he mainofdature éf thepGeamart Schoal | as
was related to the treatment of instrumeémtaors. Rather than considering an instrument to be

i nherently &édinnocent 6, i.e. free of any error
proved itself c€@hrestoph e&oéefwmapaoinwrdting ab
investigations of personal equations, located these developments within the larger reflexive turn
towards the observation of the observers themséhdsffmann expanded on the work of
Schaffer and Canales to demonst rnatt edihfofwver Bes
between observers was implemented at GreenWidl. argued that the rigorous disciplining of

the astronomical observers was not inevitable in positional astrononmathdr, it was a unique

feature of the Greenwich observing regime omgiimg from its highly organised division of

labour??

While Hoffmann and Schaffer focused on observers and personal equation, this chapter attempts
to expand their studies to the surveillance of the instruments through the practice of calculative
maintenag e . The mai n challenge to applying Hof f
remains in his connection of observers with astronomical instruments. For Hoffmann,

di scussions about the O6involuntary ermwvagy sbd of

began to be thought of as instrumelitsle located this within what Shickore considered the

ESimon NewcombA compendium of spherical astronofMew York: The Macmillan Company, 1906), p. 343.
Ibid.
19 Hoffmann, Constant differencepp. 335336.
“"sSchaffer, O6Astronomers Mark Timed; and Jimena Canales.
Experimental Psychology in Nineteesthe nt ur y  ABhe Britsh doumyalfqr the History &cience34:2
(2001), 173197.
“Hoffmann, 6Constant differencesd, p. 364.
3 bid., p. 362.
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reflexive turn within approaches to observatibhaccordingly, personal equations or constant
differences between observers were controlled the same wayg &srdns of the instruments.

This chapter expands on this idea by arguing that while observers were reduced to instruments,
the instruments were also thought of as the observers with their own characteristics and
personalities. In relation to the life dfd Transit Circle, the chapter argues that the errors of the
instrument appeared as its own personality, which had to be accounted for during the reduction

of the observations.

Within this framing, calculative maintenance served as a way to expand tredllance of
instruments during astronomical work, while at the same time considered them as companions
with their own idiosyncrasies. Such an approach to instruments was labelled by John Tresch as
the romantic framework of Humboldtian scieridéle demonsated this framework through an

anal ysis of Al exander von Humbol dtés treat mer
Tresch, Humbol dt did not perceive instrument
nat utlanis.téead, withi nchHudmbhoel din éw iapPptr-ce@mME Nt s o
science were often seen to embwndydtdhd i@uagl i6ttih
of [their] standardization and calibration built an a priori principle into the instrument, a
categorical impetai ve r ul i ng 'BThise was because Batteissirumendrésponded

freely to its milieu and its particular circumstances. From this arose a cooperation between the
Humbol dti an tool and the human: O[ tbyednteringp bser v

into a dialog with it, ipl ayi ngo wiThrought |, bec

1 Schickore Everpresent impedimentpp. 126146.
15 Tresch,The romantic machine

% bid., p. 65

bid., p. 78

18 bid., p. 80

9 bid.
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these dial ogs, interactions, and plays, O0tool
was humanized, and the human incorporated mte t ma é°fhisrcleapter argues that while

both Hoffmann and Schaffer analysed through t
observer was incorporated into the machine, they did not provide a detailed description of how
the instrument was humged. It is this gap in the scholarship, which this chapter attempts to
fill. Within this Aromantico or AHumbol dt i an
constantly laborious machines were the companions of the astronomical labourers, the extensions

of their senses, and the instruments going awry. In this light, instruments were not solutions
eradicate personalities from human work, but rather the entities that were placed under even
more rigorous surveillance than their human counterparts. Sughpaseah questions the role of
instruments such as clocks in the disciplining of the workforce and society. While they appear to

be consenting servants to the wishes of their makers, their recurring errors and need for their
maintenance demonstrate theiarfiboyant nature and ascribes the reliability into the human
practices maintaining them as opposed to their materiality. In brief, within the framework of
romantic machines, the perfection of instruments was based on knowing (or being able to
measure) theierrors (or characteristics), as opposed to the instruments being inherently devoid

of errors. To put it differently, perfection was immaterial and strived for only through practices,

as opposed to being a quality of material reality created by the artiBlais chapter argues that

the German Schoahnd the Besselian approach of making instruments the second time on paper
were reflections of this type of engagement with instruments, and it was an approach that Airy

implemented into the maintenance of thansit Circle.

3. Airy and the Besselian approach in Cambridge

20 pid.
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Hof f man pointed out t hat Airy was already
observers during his directorship of the Cambridge Observatory, but he did not take them into
account intchis calculations of the positions of celestial bodfgdowever, as this chapter will
now show, Airy introduced other Besselian ideas into the reduction of observations during his
early career. In fact, he was among the first proponents of the Bessalimaapin Britairf?

While still the director of the Cambridge Observatory, he was asked to write a report on the
progress of astronomy during the nineteenth century to be presented at the second meeting of the
British Association for the Advancement of &uoce. Within this report, he proposed several
possible avenues that astronomical research could take. Within one of these proposals he called

for reducing Bradleyds ob s“dnr addition to the woks 6fng Be

Bessel, Airy was alsofi | i ar wi th Humbol dt 6s v-authaved aof sc
report on Humbol dtdés | etter to the HRmgyhel Soci
Magnetic Crusadé’'Besi des his familiarity with the wot

educaibn and circle of close friends in Cambridge promoted ideas and works of the Romantic
Movement from continental EurofeThe most direct evidence to this comes from William
Whewel | 6s trans| at iTheCount fof H8bshumgnhithewa® madethathe | a d ,

request of the Airy family® Such connections make us reconsider the extent to which Airy was

AHof fmannantCdnéferencesd, p. 3509.

22 gatterthwaiteAiry and positional astronomy. 103.

% Once appointed Astronomer Royal, Airy secured funding for the reduction of these observations (simply referred

to as APl anetary Reduct i awasdedthe GadMbdafobtihe Rbyal &strononticel o n i t
Society in 1846. For Airyds Report, see George Biddell
pr esent Repatron therFiysband Second Meetings of the British Association for thackadvent of Science

(London: John Murray, 1835), pp. 1:289.

“Jean Theodorides, @#he Britishdourdal forthe HdistoBy mfgStiend@H (H966), 355 (pp.

47-48) . Similarly, Cawoodds study sshmewefdcietchadso playgdnr t ant r
supporting funding for the Magnetic Crusades. Cawdbe, Magnetic Crusade. 502.

BHoffmann, 6Constant differencesod, p. 363.

%6 |saac TodhunteiVilliam Whewel(London: Macmillan and Co., 1876). p. 171.
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suffering fr om *@ndmwhethargich a toipling has smastly beetidey

the tendency to view him as the disinterested manager of teevabsy labourers.

CA3dd und LEfdzAOGNIGA2Yy 2F GKS /FYONARRIS ¢N
account of the transit instrument made by Mr. Dollond, and lately put up at the Cambrid
h 6 & S NI Phiioadgiiicel Iransactiong1December 1825, Vol 115, pp. 4428)

’Dani el Brown, O6William Rowan Hamilton SadiedinWi | | i am Wor .
Romanticism51:4 (2012), 47501 (p. 497).
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Since Airyodos association with Bessel and Rom
Cambridge, it is important to look at how his astronomical practices were affected by them
during his formative years priowo tbeing appointed as the Astronomer Royal. Upon being
appointed as the Plumian Professor of Astronomy at Cambridge University, he also became
director of Cambridge Observatory. He wasted no time after his appointment, and within a year

he published the fit volume of theCambridge Observatiorf§ Within its preface he outlined

his preference towards publishing the reduced observations in the Besselian manner (i.e. ones
that incorporated all sources of instrumental errors) as opposed to publishing sotely thes g h 6
observations. This was a radical difference from@neenwich Observationsvhich at the time

published their observations reduced to a lesser extent than the Besselian approach®tavided.
relation to the 0manag efrthe ®liservatbry, helpmfesfed a sinsilart | n
preference towards Oapplying numeri cal correc
on the mechanical 3*tHe justifiecthis labdrious dpplisadon ef numericas . o
corrections orthe basis of achieving greater accuracy. In brief, Airy engaged in the Besselian
second making of the instrument through measuring its errors and accounting for them during the

reduction of observations.

While the transit instrument was not a transitley both instruments suffered from the same
three instrumental errors: azimuth, level, and collimation. Each one of these errors caused a
different type of optical misalignment of the telescope tube with respect to the meridian upon

which the optical axisf the instrument rested. Because of these errors, the measured time of the

28 George Biddell AiryAstronomical Observations made at the Observatory of CambfEembridge: J. Smith,
1829).

29 Ajry, CambridgeObservations, 1829, pp -ix

30 Airy, Cambridge Observationd829, p. vii.
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transits (right ascension) occurred either earlier or later than the real transit®Wbloédimpact

of these errors on the transit instruments and transit circles was contimiocis, meant that

they were never in a perfect, or ideal state. Section Il o€drabridge Observatiordetailed the

process with which such instrumental errors were reduced numerically as opposed to
mechanically. Airy introduced the section by criticithe reliance on mechanical adjustments

only. In this introduction he declared that despite the mechanical adjustments, instruments
al ways remain 6subject to continual oscill at:i
According to him, the @ution to the problem was found in the detection and measurement of
errors as opposed to the modification of thei
error with great exactness it is not always possible to correct it with the same exacs . 6 The s
passages reflected Herschel ds theory of i nst
perfect instrument was an impossibility. Such an approach was supported by members of the
recently established Royal Astronomical Society, who empd@dsise need to analyse the

6individual i gdndofhenstodoumé&aetse constructions

4. Maintaining the Cambridge Transit Instrument

Level error(figure 25)referred to the pivot of the instrument not being perfectly horizontal,
which usually manifested itself in one of the piers being higher than the other. This was caused

by the gradual sinking of the piers over time, or due to problems with the ellipticite pivots.

31 Since transit circles were also used to measure the declination of a celestial object, these errors also affected those
measurements.

260n t he D iDéclinatioreoh@erain Stars, according to Different Astronomers; and on Refraction, &c.

Extracted from a Letter of M. J. J. Littrow, Director of the Imperial Observatory at Vienna, to the Foreign Secretary'

-dat ed Vi enna, Meboird af thehsirongmichl Sccidtyl:2 (1825), 341348 (p. 342).

#¥Benjamin Gompertz, 60n the Memeims ofthe Astfonomia Socelyp mi cal i ns:
(1823), 349372 (p. 350).
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This error affected the observations of stars by making them appear to cross the middle vertical
wire of the instrument sooner or later than it actually crossed the meridian. Unfortunately for
astronomers, the value of this error could betderived from the observations only. Instead, it
required the use of a spirit level. The one used with the Cambridge Transit Instrument was re
examined by Dollond half a year after Airy began his directorship. While the instrument maker
found it in goodcondition, the spirit level showed different values upon repeated measurement

of the level error of the transit instrument. This was not surprising, since as Robert Main also
pointed out in his textbook on prréhewarnghaof astr
his body [ é] tend to alter the | ength of the
viti at e *8imiarly, rAeysargliet thai his failures with the spirit leveér@due to the

inability to fix it in a stable positiorthereby once again emphasising the inherent imperfections

of instruments. As a result, he decided to measure the value shown by the spirit level six times,
each time reversing the instrument on its horizontal axis. After measurement, the difference
betweenthe readings were calculated by taking into account the radius of the pivots, and the
difference between the heights of the Y bearings upon which the pivots rested. The results of the
calculations were entered into printed forms which aided the visuahisggion of the values,

and the final results were kept in what Airy referred to as the tRwek. These results were

then applied to the observations made of celestial bodies. In brief, the level errors were

maintained and repaired through their matgyiand through calculations too.

34 Robert Main,Practical and Spherical Astronon¢ambridge: DeightorBell, and Co., 1863), p. 23.
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Fig. 25. Level error of a transit instrument (figure from Satterthwaite (1995), p.10

Collimation error(figure 26)was defined as the state when the optical axis of the instrument was
not perpendicular to its horizontal axis. Out of the three instrumental errors mentioned here,
collimation error was considered by Airy to change its value with the least freqtrantyle

level errors could be neglected in special cases of observations, the collimation error always had
to be determined. This was because observations without accounting for the level error were still
able to provide the correct distance between the vadelestial objects. By contrast, due to the
nature of collimation error, the measured distances between the stars were not uniformly
deviated. Airy initially used a commonplace technique of establishing this value, which relied on
comparing the observatienwith the Cambridge Transit Instrument with the observations

published in the Greenwich Catalogues. However, he found this method unreliable due to the

3 Airy, Cambridge observationd 829, p. 42.
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inaccuracies within the Greenwich publications. Instead, he decided to measure it using a

meridian mark

Fig. 26. Collimation error of a transit instrument (figure from Satterthwaite (1995), p.1Z

The use of meridian marks was an already established method in astronomy. It consisted of
placing an object at a large distance away fromabservatory, but still visible through the
instrument. By pointing the telescope at this object, and comparing the deviations of the middle
transit wire from it, the astronomer was able to measure the collimation error. This technique had
been in use at st from the beginning of the tfi&entury. For example, when Maskelyne took
over the position of Astronomer Royal in 1765, he spent several months trying to find out which
one of the meridian marks made by his predecessors was used for adjusting the Bird Transit

Instrument (usually knownas the Bradley Transit Instrumen# the Royal Observatary
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Greenwich® A meridian mark was also set up for the Paris Observatory shortly after its
founding at the end of the seventeenth century. Airy implemented a similar system in
Cambridge. A meridiamark (i.e. a board containing a series of white circles painted on a black
ground) was attached to the steeple of the Grantchester ¢hittotvever, the mark was deemed
insufficient for the determination of the error, and upon the suggestion of RichapsBhaks,

it was replaced with a lamp. The process of measuring the collimation error using the meridian
mark included three steps in the case of the Cambridge Transit Instrument. First, the position of
the middle wire was measured with a micrometer. Sgctve micrometer wire was made to
coincide with the lamp. Third, the instrument was reversed and the micrometer was once again
made to coincide with the lamp. Once this error was found, the inequality of the screw of the
micrometer (this was the screw dséor moving the micrometer wire) was also measured.

Finally, the calculations had to account for the effect of aberration

The final instrumental error of the transit instrument was called azimuth or meridiaxfiguros

27). It referred to the deviatioof the positioning of the instrument from the local meridian. This
was usually due to the pivots being misplaced to either a southern or northern direction. In order
to find this error of the instrument, astronomers relied on the observation of the dfdPsiaris

with another known celestial object closely following it. Since it relied on this comparison of
transit times, before determining the deviation from the meridian, both collimation and level
errors (as well as other astronomical constants) tbade accounted for, since all of those

measured affected the time of trari&it.

36 Nevil Maskelyne Astronomical Observations Made at the Royal Observatory at Greefwgaodon: W. And J.
Richardson, 1776), p. iv.

37 Airy, Cambridge Observations, 1829, p. 35.

38 Airy, Cambridge Observation§1829), p. 44; William Wallace CampbeTihe Elements of Practical Astronomy
(New York: The Macmillan Company, 1899), pp. 1143.
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Fig. 27. Azimuth error of a transit instrument (figure from Satterthwaite (1995), p.11.)

After measuring and finding the errors for level, collimation and azimuth, they were brought
together in a form prepared by Airy (figug8). This form helped to order the calculations as a
simple chain of arithmetic additions and subtractions. Intergrekia form from the top to the
bottom, we find the following details for the observation. The top row showed whether the
instrument was in a reversed state or not (East meaning the reversed state, while West meaning
the general state). This determined plositive or negative value of the errors. The second row
showed the solar time as well as the name of the star. The third row of columns consisted of the
observed time of the transits over each wire that was used. The next row showed the observed
time as @rived after taking into account the mean of the transit wires. Below it, the value for the
level error followed, also noting which end of the axis was lower, thus determining whether the
value was positive or negative. In the row below, the value facdhienation error was added to

it Finally, the error of meri dian was taken

Transitoéd in the row bel ow. Two ot her rows not
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person carrying out the calculatiof$nally, general remarks about the observation were made at
the bottom that provided further information for sources of errors and on the reliability on the
observation. These remarks varied from clouds blocking observations to noting the observer

being fatigued at the time.

IMuminated end of axis
Solar Time and Star's Name. Sep-21.1.%.
Spica.
1st wire 6,4
Bl vis 24,6
L ST 42,8
‘th‘ oooooo 0’9
S caon 19,0
O oo 37,2
PR ocssos 13.18. 55,6
7) 36,5
5,21
Add...... ; 5,71
Observed time.....c.coeeees cenciion 18- 09 0,92
E. end of axis lowest........cc.... —,91 x ,032 - ,03
0,89
Line of Collimation to E....... 1,4 x ,068 + ,10
0,99
W. end of axis to S........ e 4,7 x ,060 + ,28
Time of True Transit............. 18. 18. 1,27
Observed by........ G.B. A.
Reduced by........ G.B. A on Oct. 15.
IRANROIRS 2 550 658 2o Steady, but not well observed.
L . et e é

Fig. 28. Skeleton form implemented and used by Airy for the reduction
observations at the Cambridge Observator@gmbridge Observations 1829¢. 32)
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Airydos form wused at the Cambr i dgeobsedhbt®resr vat ol
demonstrates the main features of calculative maintenance. First, the errors of the instrument
were measured, and then fixed through the final calculations on paper as opposed to altering the
materiality of the instrument. Second, it demoristlahe use of mathematical calculations as a

tool for correcting and maintaining the instrument. Third, through the calculative maintenance,

the paper produced an imagined and immaterial form of the instrument that was impossible to
arrive at through matml alterations. Finally, it demonstrated that through these calculations, the
immaterial form of the instrument continued being made andage even after the instruments

were made ready to use.

Since transit circles were combinations of transit imsgnts and mural circles, they were
affected by the instrumental errors of mural circles too. Since mural circles focused on the
measurement of the declination, the key feature of the instruments was the graduated (or divided)
circle attached to it. Gradwat circles were subject to several inherent material errors. Most
importantly, even though the craft of dividing circles had attained unprecedented levels of
accuracy, the final circles always suffered from minor errors of divisions. In relation to the
Canbridge Mural Circle, Airy carried out a close examination of the division errors in order to
exclude it as a source for an unknown error affecting the observations. While he found that the
divisions suffered from errors, he considered their effects toebkgible*® As we will see, the
graduated circle of the Airy Transit Circle underwent a similar examination of the divisions,
which will be discussed later in this chapter. Another source of inherent error for the divided
circles was caused by the changesemperature. The materials out of which the circles were

made reacted to temperature changes, which resulted in small changes in their shapes that were

39 Airy, Cambridge Observation§]834), p. XXx.
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amplified in the cases of precision instruments. Another significant source of error arose from
the wse of microscopes with micrometers for the precise reading of the divisions. As Airy pointed
out in his Cambridge Observations, the precise number of revolutions of the screw that moved

the micrometers constantly shifted as a result of the changing shédygedivided circles.

One of the corrections for instrumental errors accounted for, but not explicitly stated in the
dataset was the revolutions of the screw of the micrometer microscopes. This was caused by the
material being viewed through the microsesgxpanding or contracting after larger changes in

the temperature. While initially five turns of the micrometer screws were designed to measure
the distance between two adjacent divisions on the circle, the changing shape of the circle due to
temperaturemade this rate constantly changing. As a result, Airy implemented the rule to re
measure the number of revolutions when there were larger changes in the temperature. The
variations of the runs of the micrometers over the weeks of a year were then puatishemall

table in the introduction. Once again, taking these errors into account, the user of the Cambridge
Observations could reduce the observations even further. In brief, the Cambridge Mural Circle

underwent a similar calculative maintenance that@ambridge Transit Instrument did.

5. From Cambridge to Greenwich

By comparing how the instrumental errors were maintained at Cambridge and Greenwich,
we can see how Airy implemented the same calculative maintenance to the management of
instruments at Greenwich. The two observatories were very different in their sttdbean
aims. In Cambridge, Airy had only one other assistant to work with, which meant that the two of
them carried out the reduction of the observations themselves. Furthermore, since it was a
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university observatory, the aims of the observatory were matespread into various areas. By
contrast, the Observatory at Greenwich had more assistants, and was founded with the very
specific aim of contributing to the ever more precise determination of longitude. With more
assistants, Airy had the possibility tmcus the attention of each assistant on different
instruments, and to employ computers to carry out the reduction of the observations. With this,
Airyds tasks relating to the management of
than previouly. The calculative maintenance of the Transit Circle fell within this similar task,
since the measurement of the errors, and accounting for them during the reduction process were
assigned to the Observatory staff as opposed to being carried out byrAsgihiHowever, this

meant that Airy had to create rigorous rules and instructions for calculative maintenance, which
the assistants and the computers had to follow. These rules were described in the introduction of
every volume of the Greenwich Observaso In relation to the Transit Circle, the official
description of the instrument similarly described how the errors of the instruments were

measured upon installation at the Observatory.

The level and collimation error determinations formed a cruciatirsgapoint for the Transit
Circle. Its official description finished with an outline of the methods and measurements of 10
different sources for its errors. The method of determining the level error changed most
significantly in comparison to the instrumte at Cambridge. This was because unlike the
Cambridge Transit Instrument, the Transit Circle was not designed to be reversible (i.e. reverse
the position on which piers the pivots rested), which meant that the level error observations had
to be carriedhir ough 6 f° &liisl referred o rthie . pointing of the telescope tube

perpendicularly into a filled mercury trough. Then, by using a special eyepiece, light was emitted

“0 Airy, Greenwich Observation1854), p. v.
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towards the object glass so that the both the wires of the telescope and teefiorefh the
mercury became visible. By repeatedly placing the middle tramtso as to coincide with its
reflection, and measuring the position of the coincidence with the use of a micrometer, it was
possible to take the means of the readings tortascehe numerical value for the level error.
Throughout the first year of its use, the level error was determined twice a day, but since no
measurable differences were found, they were only made once a day afféfiedevel errors

were published invto formats. First, the level error for each day of the year was compiled and
published in a separate table forming part of@meenwich Observation3his table(figure 29)
showed the day and the hour of observation, the mean of the readings made mithdaheeter,

the line of collimation adopted for that day, the difference between the reading of the level error
and the line of collimation, and finally the adopted level error. As can be seen from the table,

despite the daily measurements, errors weunallysadopted for a period of few days.

“1 Airy, Greenwich Observationd 854, p. xxvi.
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AT THE ROYAL OBSERVATORY, GREENWICH, IN THE YEAR 1852. [109]

Meax Reapixgs of the Traxsrr Microxerer for Coincidence of the Direct and Reflected InacEs of the CextraL TRANSIT
Wige of tho Traxsir CircLe, and Determination of the Error of LevEL of the Axis of RevoLuTioN.
(Each Number is usually the Mean of Siz Observations.)
Mean Ereens Meaa
gt 1 LA | o5 ) 2t s eS| | |
of Collimatien of Level of of Cedimation of Level of
Microm. for| Live of plare Resdiag lexprosod s Microm. for| Line of | abeve Raading loxpressed
Obeervation. inciden imation [ b Axisof || Observation. | Coined : o Cutmcatence | . Axis of
(:Iml‘e:..c Errer of Lavo, ia Are. | Revolution, ";‘m Collimatioo. Sewadlod| ® Are. |Revolotion
1852, 4 & ' 4 r v o 1852, ¢ & ’ 4 r »
Jan. 1. o| 31577 | 31486 | —o-oq1 |—1'34 Feb. 5.11 | 31807 | 31578 | —o0'229 [—3°39 395
71| 31-567 —0'081 |—1°19 21 | 31834 —0-256 (=379 | ~°7
21 | 31+548 —0+062 |—0-q2 s 6. 7| 31835 —0257 =380
2. 8| 31564 —0-078 |—1115 | —1'32 21 | 31822 —0 244 {—3'61
23| 31607 -0 121 [—1°79 y 2 -7 A -0'226 [—3°34
3. 8| 31-590 —0'104 |=—1'54 9. 8| 31982 | 31600 | —0'182 {—269
5. o| 31619 | 31510 | —0-109 |—1 61 10. 8| 31°736 —0°136 [—2-01
5. 5| 314620 ~0°'110 |—1"63 1. 7| 314753 —0'153 |—226 .
5.22 | 31654 —0°144 |—213 22 | 31707 ~o0°107 |—1-:58 | ~2'1°
6. 7| 314656 —0146 |—216 13. 8| 31723 -0°123 |=182
7. 1| 31667 —0+157 |=232 4. 9| 31752 —0'152 |=~2"25
13 | 31672 —0-162 |—2°40 | —2-08 16. 9| 31°791 | 31640 | —0°151 [—2°23
22 | 314676 —-0°166 [—1245 17. 8| 31870 | _ —0'230 |—3'40 | —2'82
8. 6| 31667 —0-157 |[~2+32 18. 8| 31832 —0°'1G2 |—2°84
9. o 31°650 —0°140 I=1207 19. 8| 31°784 —0'144 [—2113
9 7| 31649 —0°139 (=205 20. 8| 31°748 ~0108 {—1'60 | =1'75
10. 8| 31+627 —o'117 [—173 | 2. 7| 314743 ~0'103 |—152
12 0| 31672 | 317499 | —o0'177 [=2761 [ 23. 9| 31°752 | 31654 | —0°0g8 |—145
7| 31707 —0'212 [=3-14 24. 8| 31798 —0°144 |—2°13
21| 31689 —0'194 [=2 87 25. 6 | 31766 —0'142 |=2"10 .
13. 7| 31665 —0200 |—2 g6 26. 8| 31478 —0'127 |—1-88 | ~1'9?
13.23 | 31+703 —0+208 |—3-08 . 27. 7| 31°787 —0°133 |—1°66
14. 6| 31698 —0203 =300 | =309 28.12 | 31-788 | —0°134 |=1-98
23| 31917 —0222 [—3°29
15.22 | 31-736 —0r241 |—3°56 Mar. 1. 7| 31781 | 31608 | —0°173 |—2-55

Fig. 29. Table showing the adopted level errors for the year 18%2reenwich
Observations 1852p. 109)

The second format in which the measurements appeared formed part of column 15 of the Transit
Observations table, where the adopted level error value appeared alongside the collimation and
azimuth errors. The observations could then be reduced to take into account the level error by

using the following equation

; ol % E_jf_z_nfi_lhld_ifl:_q_nfi.

Error of Level 15 =in N.P.D.

Collimation error was also detemed differently in the case of the Transit Circle, than in the
case of the Cambridge Transit Instrument. In Greenwich, this error was determined with the two

collimating telescopes facing each other along the meridian in the northern and southern ends of

the Transit Circle Room. The measurement of the error was carried out by raising the telescope
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tube and the horizontal axis of the Transit Circle, setting the wires in the two collimating
telescopes to match each ot heransitscircle itubeeand o f
measuring the differences between the images of the northern and southern collimatifig wires.
The collimation errors measured this way were not repaired by modifying the materiality of the
telescope. Instead, they were only accoufbediuring the final reductions of the observations,
when the exact positions were calculaté@iherefore, this example represents that maintenance
can apply to both the materiality of the instrument and to its immaterial presence/products at the

same tine.

Rrror O S
ror of Collimation 15 sin NE.D.

The determination of the azimuth error of the Transit Circleailhyttook the same form as that
of the Cambridge transit instrument: it relied on the measurements of the transits of Polaris. The

numerical correction of the transits were then achidweapplying the following formula:

Az hal sin zenith distanee south.
ZImtnal error s 15 » sin N.I.I.

This method was later modified to include the use of the north collimator. This meant that the
usual measurements of the azimuthal error were compared to the azimuthal error of the north
collimator, since this collimtor was found to be more reliably steady. The difference between
the azimuth of the Transit Circle and the collimator then offered the azimuthal error of the

Transit Circle. Variations within the error

“2 This method was changed in the 1860s, once the central cube of the transit circle cube was pierced through to
enable setting the images of the wires of the two collimating telescopes without having toeréiaedit circle.

“3Yet, its close connection to the maintenance practices engaging directly with the materiality of the transit circle
was symbolised through carrying the observations out during the weekly essential maintenance (cleaning and oiling)
of the Transit Circles on Mondays.
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towards the end of the 1850s. He ordered his assistants to compare the historical values of the
error recorded throughout the decade. The investigation was later expanded to include an
analysis of the level error too. The results of the analysis werethsanted at a meeting of the

Royal Astronomical Society by William Ellis (an astronomical assistant at the Obsenvatory),
and eventually published in the Memoirs of the Society in 18&re 30)* The paper
demonstrated through historical data and graphs the correlation between the fluctuation of the

temperature, the level error, and the azimuth error.

The following curves show the relative changes of the azimuth of the
transit-circle, and azimuth of the north collimator, and the general connexion
with temperature, from the mean of the six years’ observations 1853 to 1858.
The thick line represents the azimuth of the transit-circle, the thin line the
azimuth of the north collimator, and the dotted line the curve of tem-
perature.
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“4 During the years 1860 and 1861 Ellis made regular observations with the Transit Circle, and contributed to the

reduction of the observations made with the instrument. In addition, he was in charge of the chronographic regis

of the transits, the dropping of the tirball, the distribution of time signals, keeping the manuscripts of the

Observatory in order, and arranging the money accounts of the Observatory. S& e&nuich Observations,

1861, pp.Hii.

“WiliamElis, 6é0On the periodical variations of Level and Az
Obser vat or yMem@rs & thaRoyacAst®nomical Socjet9 (1861), 457.
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The errors ofthe divided circle attached to the horizontal axis of the Transit Circle were
accounted for in a similar manner. Due to the effects of the temperature, and of the weight of the
instrument, the divisions did not accurately reflect the angle at which tgttod the celestial

body was observed with the instrumé&ttempts were made to minimise the effects of these
factors and were implemented into the original design of the Transit Circle through the choice of
materials and the use of extra micrometensreading the divisions. However, the errors that
occurred after the installation of the instrument were not repaired through modifying the
materiality of the graduated circle, but instead were measured through a rigorous and tedious
analysis of the accacy of its divisions. This was carried out by Edwin Dunkimmo recorded

the deviation of every single point of graduation on the divided circle in order to apply those
measurements during the reduction of the observatiortsis was a unique task due to the time
consuming nature of the worBy the end of the nineteenth centuryaduated circlesonsisted

of 10,800 divisions in average for transiicles *® Since the Observatory employed a relatively
large number of astramical assistants, Airy was able to devote a person toicgroyt the

entire work.

The official description of the instrument details the painstaking and disciplined work that was
required for ascertaining their original error values of the graduatekk,cwhich were later
applied to the reductions of observations. The design of the Transit Circle helped in carrying out
the task with more efficiency, as the graduated circle could be observed with 6 different
microscopes inserted into the western grather than placing them horizontally on the sides of

the circle (as in the case of the Cambridge Mural Circle), the microscopes were positioned in an

“® The method of dividing up the graduated circle also imposes limitations @edheacy of measurement with the
Transit Circle. For a historical treatment of the subject see Chafnading the Circle

“” Documents showing the Sisyphean work that Dunkin had to carry out can still be found today within the
correspondence on instrunteriolders of the RGO archives; see RGO 6/166, and RGO-8/230

8 Campbell,The Elements of Practical Astronoppy 183.
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angle, so as to make readings with them quicker and easier. The examination of the division of
the errorsof the graduations began by determining the errors of the six cardinal divisions (every
60 degrees). Each one of these divisioras abserved 120 times. By taking the mean of the
observations, the errors of these divisions were recorded. The recordedtleero served the

basis for determining the errors of every graduation of 20 degrees. These were observed 20 times
with four microscopes to ascertain their initial errors, and then further reduced by applying to
them the errors of the cardinal divisio$e error values of 20 degrees then served as the basis
for determining the errors of every 5 degrees graduations of the circle. Each one of these
graduations underwent 16 readings, ara$then adjusted to the errors of the circle determined

by the readigs of the 2@degree graduations. A similar process was used to determine every 1
degree of graduation from the mean of four readings. While Airy characterised the results as
good, he was still worried about the effect of a focal adjustment during thedesof the
operation, which prompted him to propose the redetermination of the errors in the'Siuee.

final table(figure 31)showing the errors of every 1 degree of graduation was then printed as part

of the official description of the instrument.

“9 Airy, Description of the Greenwich Trangircle, 1854, p.21. There was no mention in the second edition of the
official descrigion published in 1869 whether this redetermination of errors had taken place or not.
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Fig. 31. Table from the official description of the Transit Circle showing the errors of eve
degree of graduation (1854)

The errors measured during the analysis of the graduated circle, like the collimation errors, were
applied only during the final calculations, as opposed to being directly repaired through the
materiality of the instrument. In brief, if we approach thentaiance of the instrument from

this angle, maintenance referred not only to the repair of its materiality, but rather to the ever

more precise measurements of its errors that were then corrected through calculations during the
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final reductions of the obseations made with the Transit Circle. Therefore, this type of
maintenance can also be categorised as calculative, as it repaired the errors of the instrument not

through the materiality of the Transit Circle, but through the final numerical calculations.

6. Technologies of discipline or technologies that required discipline

In relation to the practice of calculative maintenance, this chapter has demonstrated how the
Transit Circle was repaired and maintained through the measurement of its errors using
mathenatical calculations. It also demonstrated the extent to which not only the Observatory
staff but also the instruments were put under surveillance. While the observatory staff provided
written and verbal feedback to Airy on their work, the measuremertke arrors of the Transit
Circle served the similar role: it made the instrument speak in order to receive feedback from it,
and to adjust the final calculations according to the errors that the instrument made. Through this
surveillance of humans and tlgm both observers and instruments were approached as
Herschelian wonders capable of committing errors as opposed to miracles that brought forward
perfection. This was due to the inherent understanding of both human observers and instruments
as entittestta constantly changed their qualities. I
astronomical work at Greenwich both observers and instruments were approached the same way.
Simon Schaffer argued that this similarity in approach demonstrated the waycim observers
were thought of as machines. For such statement, the underlying assumption is that through
disciplining the observer, and through taking into account their personality, the effect of the

individual 6s agency onsed he calculations can b
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The problem for this argument originates in its assumption that machines and instruments (to
which the observers were reduced) were considered as entities without a personality, without
agency, and in a relatively static state. However, as thigehap the calculative maintenance

of the Transit Circle has demonstrated, the instrument was assumed to possess a similar
personality, which manifested itself in the fluctuations of the error values. In light of this, the
instruments were considered tovhaa personality similar to that of the observers as opposed to

being machines without any agency. This way of thinking about instruments and observers
remains compatible with Schafferds approach t
considemg disciplining of machines (and observers) as a possibility based on the complete
removal of error, it demonstrates that instruments were required to be disciplined precisely
because they were seen just as erroneous as humans were. In consequenae,Sshaflet at e me |
that oOhabits could be disciplined with the ne
technology and instruments could be disciplined with the habits of calculative maintenance

performed by humar®.

Calculative maintenance raiseB¢é questi on about how we can c
mental i ty®o upon which the Observatory was o
personal equation was used by Airy to minimise the effect of the differences between the
perceptions of transits bthe various observers.Managing personal equations can also be
characterised as a form of calculative maintenance since it did not alter the vision of the
observer, but instead corrected them posasurement through calculations during the reduction

of the observations of transits. Accounting for personal equations created an imagined

immaterial form of the observer that could undergo calculative maintenance with mathematical

*0 Schaffer, Astronomers Mark Timep. 124.
51 {|hi
Ibid.
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tools on paper. I n Schafferds st anmime,thet hi s
6personalityd of the individual observerso ey
calculation of positional daf4.In relation to the work with the Transit Circle, personal equations

were similarly accounted for during the reductiohthe observations. The presence of both
personal equations and the instrumental errors in the same process demonstrated that both factors

contributed to the calculative maintenance of the Transit Circle by producing an ideal form of it

via mathematicatalculations.

To expand further on Schafferds analysi s, t !
mai ntenance of the Transit Circle, a similar
this light, the attempt to calculate the effects of azimuth, level,collimation errors served as a

way to regulate the O6personalityd of the Tran
ascribe almost exclusive emphasis on how the observers were reduced to subjects who could be
controlled in the same ways the instruments/machines that they minded. Going beyond this
framework towards the romantic machines approach, we can reinterpret the same assemblage of
the Transit Circle in a manner that demonstrates the agency of the material parts of the
instrument In this framework, the emphasis is not on the relationship of control that is
established through the measurement of personality, but instead on the fact that such a
personality is ascribed to the instrument in the first place. As it was mentioned &beve,
calculations to take into account the errors of the instrument were controlled the same way as the
personalities of the observers. Such an assumption of a personality ascribed to the instrument
implies that they were not thought of as passive mecabhaitefacts, but rather as instruments

that actively participated (with their personalities) and responded freely to their milieus during

52 bid.
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the observation proce3$This reframing of the instrument as an artefact with personality allows

for a different comideration of interaction with the instrument and its parts. Maintenance no

longer appears as a simple, routine act, but rather, as an intimate interaction with the instrument
that serves to establish a relationship of care as opposed to a relationstoptrol. In
consequence, mai ntenance practices can -be <cat
temperedd status of the instrument, while ref
into a condition where the stability once again t@nattained” As Main highlighted in his

textbook, the spirit level of transit instruments respond even to the breath of the observer.
Finally, Newcomboés tale of the assistant gi vi
as a demonstration dite mec hani c al sturdiness of the Trar

pato on the bac¥® of oneds companion.

7. Conclusion

The aim of this chapter was to demonstrate through the example of the Transit Circle the use
of mathematical calculations as a tool to tackle the problem of instrumental errors. The chapter
focused its attention on four main instrumental errors: azimuwhimation, level, and the
divisions of the graduated circle. However, the Transit Circle was affected from various other
instrumental errors too. While an extensive analysis of every source of instrumental error that

affected the Transit Circle is beyotite limits of this dissertation, it is worth mentioning in these

*3 Tresch,The Romantic Maching. 80.

> bid.

%5 Main, Practical and Spherical Astronomy. 23.

% As Tresch demonstrated, the instruments as companions idea was prevalent in the views of Alexander von
Humboldt. While it is beyond the scope of this chapter, it would be interesting to investigate the extent to which
Airy was influenmkisgd by Humbol dt 6s t hi
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concluding paragraphs a few others. In addition, their mentions will demonstrate that a detailed
analysis of instrumental errors and their management within a ninetsamttry context is ye

to undergo a general overview that spans across the boundaries of various fields of science.

The eyepiece of the telescope tube suffered from several errors. On many occasions the wires
inside them either broke and disappeared, or were destroyed ligssavbservers. As a result,

they had to be replaced whenever they broke. However, this produced minor changes in the
distance (or intervals) between each one of the vertical wires. These new intervals similarly had
to be accounted for every time one orremof the wires changed. Another instrumental error
arose from the gradual changes occurring in the shape of the pivots. The attention, care, and
detail that went into the production of the pivots was highlighted in Chapter 2. It was also
mentioned that # pivots gradually changed their forms over time. While Airy made sure to
account for the possible effects, he considered their accuracy so great that their effect on the
observations was deemed negligible. Finally, flexure was also one of the instruemsorsathat

had to be accounted for during the reduction of the observations. This error referred to the
bending of the telescope tube over time under its own weight. It affected the two ends of the
telescope tube as they were the least supported pdhts tofbe. To minimise this problem, other
transit circle designs opted for the use of small telescope tubes or for connecting the tube to the
rotating circles (wheels) besides the tube (as in the case of the Harvard Transit Circle). Flexure
affected the bservations by altering the angle at which the celestial body appeared in the field of
view of the instrument. In brief, instrumental errors of astronomical instruments require a more
in depth analysis in order to demonstrate the differences and therisiesildbetween their
treatment, and how such practices reflected ninetemmttury considerations of mental and

physical engagements with science and its tools.
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Focusing on the maintenance of the Airy Transit Circle allows us to gain new insight irab one

the most frequently used astronomical instruments of the nineteenth century, and into the
workings of the Observatory that housed it. Through the lenses of maintenance (as
communicated through Ai ry o0 f\nncabRepodsshp inostrdinent c e a s
appeared not as a stable object, but instead as an object that was in a constant state of change:
both decaying and being improved. This duality of states of change showed the instrument
becoming the Transit Circle (through adopting the fuumgiascribed to it by the various entities)

as well as the ways in which the materiality of the Transit Circle counteracted its intended
functions. Therefore, the history of the instrument was not only its procelsscomingthe

Transit Circle, but also the parallel processunfbecomingthe Transit Circle. If becoming was
manifested through modifying the instrument to suit functions ascribed to it by its users, then the
process of wbecoming was the constant decay and tenaictions of the instrument, i.e. its
personality. Therefore, the history of the maintenance of the Transit Circle illuminates the latter,
and demonstrates how the act of maintenance served the purpose of directing the instrument to
become the Transit Gile as imagined by George Airy and the Observatory. In this light,
calculative maintenance used mathematics as a tool and technology of discipline, which played

the role of countering the tmecoming of the Transit Circle.

Maintenance of the TransitCirclekas not | i mited to inscribing t
the instrument. Instead, it also took the form of the measuring the errors of the instrument, and
then applying the repairs to it theoretically during the final process of calculatingabetiene

and position of the observed celestial bodies. This action demonstrated that the constant un
becoming of the Transit Circle was a process that the individuals who interacted with it were

aware of. However, rather than attempting to control itescs i vel y t hrough t he
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materiality, the process of tbecoming was countered with immaterial paperwork. As Charles

Dickens ironically described the work of ast

starry universe solely by pen, inkdan paper & i nsi d ¥ Thisdemdnstratecetlsas r 0 o

maintenance was not a process focusing exclusively on applying fixes directly to the materiality
of the instrument, but was also implemented on the immateriality of the same instrument. This
distangng of the maintenance practices of the Transit Circle allowed us to move away from the
confines of the Transit Circle Room into the realm of actions devoted tjprésenting
immaterial forms the instrument. Such a shift in the approach opened up #ibilpypgo
consider other aspects of the Observatory life that focused on the maintenance of the

fii mmaterial 0O side of the Transi't Circl e.

This chapter also showed that calculative maintenance was a longstanding practice within the
field of astronomy. Howeer, during the first half of the nineteenth century efforts were made for

its systematisation. The contribution of Bessel was especially significant to these developments.
As t he chapter showed, Airy and hi s Bri ti
contributions, and Airy himself adopted the technique. By doing so, this chapter highlighted the
international influence on Airyés thought,
Through such an approach, the Transit Circle and its operaiabsdded the practices of the

wider international astronomical community as opposed to only those of the British astronomical

culture.

Finally, the emphasis on calculative maintenance in the operations of the Transit Circle was
reflective of the hierarchy imposed by many astronomers (including Airy and Herschel) on the

labours between artisans and practical astronomers. It was reflective of the belief that the

" Charles Dickenstard TimegLondon and Toronto: J. M. Dent & Sons Ltd. & E. P. Dutton & Co., 1920), p. 85.
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boundaries of physical engagements with materiality could be improvedoypibe immaterial
calculations. This belief also appeared in the chapter on the construction of the mechanical parts
of the Transit Circle, which demonstrated how this idea was later manifested in nineteenth

century debates about material artefacts degini standards.
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Chapter § Status Maintenance

1. Introduction

The previous two chapters have demonstrated the importance of maintenance in the
everyday operations of the Transit Circle. Chapter 4 further expanded on this theme by
demonstrating that both thmateriality and the immateriality of the instrument underwent
maintenance. It also showed that the immaterial form of the instrument produced through
mathematical calculations was able to go beyond the boundaries of the Transit Circle Room and
the Observalry. This chapter expands on that analysis by focusing on another immaterial form
of the instrument: its image in the eyes of the astronomical community and the general public. It
argues that the image of the instrument also had to be maintained, whidkedthmaintaining
the reputation and status of the Transit Circle alongside the reputation of the Observatory. As the
examples within this chapter will demonstrate, the imagaeinstrument was inherently linked
to its reliability, which served a key pgain making the observations with the instrument
trustworthy. I n consequence, Airyds task as

reputation of the instruments too.

The term maintenance (as used in the previous two chapters) tends to refekstohat are
directly connected to the materiality of an instrument. A good example of this was the oiling of
the pivots by Green (the carpenter of the Observatory). Calculative maintenance was similarly
linked to the materiality as it involved the diteneasurement of the errors of the instrument.

This chapter argues that the reputation and the image of the instrument within the astronomical
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community were similarly grounded on the materiality of the Transit Circle. They were derived
mainly from the insr ument 6s performance and the measur
second half of this chapter demonstrates, the criticisms of the Transit Circle were focused on
exactly these issues: whether the performance was as good as Airy described, and whether the
measurements produced with it were reliable at all. Additionally, models, illustrations, and
descriptions were examples of material engagements with the immaterial forms of the Transit
Circle. Such maintenance of the reputation of an instrument can alscebeer r ed t o as
management 0. Within the history of scientifi
managing the reputation of the instrument makers. For instance, Mekwsonlescribed how

instrument makers used Royal commissions to heigtttein reputatior.The 6 Astr ono mer
War 6 episode can also be understood as an at
image and reputation of the instrument makers Troughton & Sfhosever, by using the

term Omai nt enan c eésasthe soarce ofltha gaseelink betvweentthe seputation

and the materiality of an instrument

This chapter considers communicating descriptionages, and modetsf scientific instruments to
audiences as acts of presentations. Through these comtamstei mmat er i al ii mages
instruments are presented to audienSes.c h an fAi mageo of a s dmmateridli f i ¢ i
personaFor exampl e, an instrument maker could presen:
customerf.In othercasespr es ent ati ons coul d 6vousHhidanextendvh e qual
study of earlymodern visual representations of machiméarcusPopplowcategorised images according

to being presented to the public, to the individualtioagithe machines, toraftsmerfor future use, and

! Alison MorrisorrLow, The Scientific Instrument Trade in Provincial England during the Industrial Revolution
gDoctoraI dissertation, Unarsity of York, 1999), pp. 18283.

Hoskin, OAstronomers at war 0.
% MorrisonLow, The Scientific Instrument Tragpp.181-198.
“SvenDupre, O6Newtonds Telescope in Print: The Role of | m:

Perspectives oBcience16:4, (2008), 32859 (p.330).
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to specialist audiences for theoretical consideratibime case studies in thitiapter demonstrate how

di fferent groups of people attempted touethemferat e di
different purposes. Faxample, thaliscussions about the models of the instrument for the
ExpositionUniversellein 1855 pitted against each other the purpose of showcasing the historical
reputation of the instrumenta,i r e set of instmnents, or the Transit Circle onlgach one of these
options would have presented a different Ai mageo
individuals supported which @Ai mageso, we can der.i
purposes they were attempting to use it. Such an analysis provides us with a more complete understanding
of the role that the instrument played in nineteasgthtury science and technologpy.addition, it also

shows how the diffeéer ant ahemsrdnest shaged thedl imaterigl €oans

of the models, thereby once again highlighting the interconnected nature of the material and immaterial

forms of instruments.

Throughout the working life of the Airy Transit Circle, physieaicess to the instrument was
limited to selected members of the Observatory Stffspite the relative physical isolation of

the instrument, the Transit Circle was communicated to a wider audience beyond the gates and
walls of the Observatory. Such commnications took several forms: articles about the
Observatory, specialist astronomical research papers, models at exhibitions, illustrations, and

photographs. By analysing the ways in which the Transit Circle was depicted via these media,

®MarcusPoppowy 6 Why dr aw pi ct Wolfgarg Lefdvre (ec eidiuriny &achirtes 1400 n
1700(London; Cambridge, MA: The MIT Press, 2004);49.

® Admittance to the ROG was allowed upon invitationyoiis a result of this, a large collection of documents

survives on admission of visitors to the Observatory alongside the cards of the visitors. These can be found at the
RGO 6/706714, encompassing the period from 1835 to 1880. The annual Visitatibe byetmbers of the Board of
Visitors remained a similarly restricted event until 1880. In that year, ladies were first allowed to the event, and
restrictions on the admittance of members of the general public was also weakened. For more detail onlthe gradua
transformation of the Visitation day see Laufiae Board of Visitorspp. 344346.

" There has not yet been a comprehensive account of how the ROG was communicated to the public or the scientific
communities, but the scholarship on matters related to the history of the Observatsty téilide these accounts
(especially the&sreenwichObservations An abundant, but not yet complete collection of "Contemporary accounts”

of the ROG has been made available online by Graham Dolan at
http://www.royalobservatogreenwich.org/articles.php?articlef&ccessed 29/12/2017]
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the chapter revém the differences between interpretations over the uses of the instrument, and
the differen waysthe instrument was communicated to different audieh@&® chapter also
highlights the extent to which Airy and other members of the Observatory hadlaorérahe

content of the descriptions. In cases when descriptions were written by people not associated
with the Observatory, and when Airy was unable to exercise control over the communications,
the Transit Circle was put under more critical analysisteghy questioning the reputation of the

Observatory as well.

The Transit Circle was communicated through both textual and visual means. Many of the
illustrations depicting the instrument (appearing in both popular and scientific accounts) were
derived fom an illustration supervised by Airy himself. This illustration attempted to show as
much of the assemblage of the instrument and in as much detail as it was possible in order to be
an accurate depiction of the instrumeéBly contrast, other illustratits of the Transit Circle tried

to capture the experience of seeing the instrument for the first time or being used. These
illustrations only accompanied popular descriptions of the instrument, which resulted in the
visual implementation of the dramatisegjpittion of the Transit Circle. Finally, some depictions
went beyond the two dimensionality of the page, and entered the realm oeflithexesional
objects through models made of the instrument and parts of it. The distinction between the types
of models vith which the two different subsets of the public encountered continued to exist even
within this type of representation. While nepecialist audiences were presented with complete
models of the Transit Circle, specialist audiences were shown smalletsnaddearts of the

instrument demonstrating the mechanical novelties implemented into their designs.

8 As we will see, Airy distinguished between the "political pré&&rning Chronicl@ and the "scientific

press'(Athenaeum This distinction allowed him to frame his response as coming froamudmority in scientific

matters as opposed to from an astronomical officer of the Government.

°This i mage was | abelled in the original description of
6Pl ate 16 for t Bhewninlfig.8lstration, which is
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This chapter introduces four case studies about the history of maintaining the status of the
instrument. The first case analyses the letters exchangegdietAiry and the artist Benjamin

Sly to demonstrate how Airy exercised control even on the visual depictions of the instrument. It
demonstrates a form of what Daston and Gali s
remove the 6bahbhpécmbhde dutengtthe pr &thess of
letters show that Airy not only exercised close control of the Observatory staff, but also extended

it to any individual working for the Observat
in the making of the models of the Transit Circle for the 1855 Exposition Universelle in Paris.

The story of the model highlights the multiple and often contradictory meanings and narratives
within which the i nstr ume nask tonnagetiaté thesenmedningsand /
This case study serves as another example of
was communicated to different audiences. Both of these case studies focus on how the visual
language of the images was coniedl (both successfully and unsuccessfully). Furthermore, they

were instances when Airy was directly involved in the production of the final products. By
contrast, the third and fourth case studies analyse how the status of the instrument was
maintained viaexts and in cases when Airy was excluded from the initial communication of the
pieces. Wi th this in mind, the thirdMvMomiagse st u
Chroniclecriticising the Observatory and its instrumentation, and denaiesthow he tackled

criticisms in public light. The final case study focuses on the publication of an article by the
astronomer Albert Marth, who highlighted several shortcomings of the Transit Circle and its
uses. Labelled by Wi llhrami dlddayryt Beytclasasdeime
handled criticism of the Transit Circle among the astronomical community, and how he relied on

his network of friends to halt the publication of the paper in Britain.

YLorraine Daston and Peter Représensationsio (1692)h8d128(mi0g)e of Obj e
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2. The first illustrations of the Transit Gircl

The first illustration of the Transit Circléfigure 32) was published in 1851 in a
guidebook for visitors to the Great ExhibitiGnWhile the book only mentioned the editor, John
Weale, several people contributed to it. One of these contributors was Robert Main, who was the
Chief Assistant of the Observatory at the time. His chapter provided descriptions of both public
and private otervatories in London and around its vicinityThe parts of the chapter describing
the Observatory gave a relatively detailed account of the Transit Circle. This was accompanied
by an illustration of the instrument. Given that the account was publistexdfadtinstallation of
the Transit Circle, both the description and the illustration depicted it as installed within the
Transit Circle Room. The text highlighted the
its main distinguishing features, dugave a lengthy description of its manufacturing process by
Ransomes: May.* The rest of the description mentioned the graduated circle, the size of the
object glass, observations by reflections, and the measurements of the errors of the instrument,
endirg with a summary of the shutteins the roof of the room. Comparing the text and the
illustration, it can be seen that the illustration supported the text by showing the multiple parts of
the instrument, including the features of the room within whichais wlaced? This was also
reflected in the | abel forCithel achpawptamegnngo.i
the instrument was illustrated not just as a simple telescope tube, but rather as an assemblage of

various instruments sharing tekame space.

1 John Wealel.ondon Exhibited in 185(London: John Weale, 1851), pp. 6636.

2|bid. pp. 6366 99. Whi |l e Maias surmcamkmdvwlueadgpend win Weal eébs book,
the author of the chapter/article in one of his books. See Robert Rladimentary Astronomi.ondon: John

Weale, 1852), p. 29.

13 Weale,London Exhibitedpp. 652656.

¥ The illustration carbe found in Weald,ondon Exhibitedp. 653.
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The name of the artist who created the illustration was not mentioned in the book. However,
from Airyos correspondence wi Bénjaminr Syl ¢is me n ,
illustration foreshadowed the dominant depiction of the instrument during the rest of the century

by placing the viewer in the northiest corner of the room. However, his illustration was not a

15 See Benjamin Sly to George Airy, 3 March 1851, RGO 6/724 Rélatively little is known about Benjamin Sly,
but a few engravings of buildings made af.ter Slyés wor
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completely accurate representation of whatisitor would see. Sly omitted the steps covering
parts of the instrument between the piers, and the two columns on the northern ends of the pit,
which would otherwise obstruct the view of the instrument. Through the exclusion of these
features of the mm and the instrument, other parts of the Transit Circle were made visible.
These acts of exclusion and inclusion made explicit the significance assigned to the different

parts of the instrument, and showed how Airy directed the work of the artist.

S| vyillustration served as the basis for the first of the 16 plates attached to the official
description of the Transit Circligure 33)*° These plates were detailed technical drawings of

the instrument from various angles and perspectives. Similarly tacthbent ent s of We
guidebook, the text and the plates complemented each other. Parts of the instruments were
labelled with letters on the illustrations, which were then explained in the description. The
description was written by Airy himself between 6t@er 1853 and 13 November 1883.

However, work on the illustrations had begun as early as 1851. An offer was made to Sly to visit

the Observatory during the spring of 1851 to make initial drawings of the instrdf@nthad

had to delay his visits due @t her engagement so, but by autu
sectional views of the wvarious parts of the I
original plans®®Ai ry kept a close eye on the progres
instruct ons on how to iIimprove the illustrations.
best exhibited with the remarks he offered on

that showed the entire instrument as placed in the Transit CiodeR

16 Astronomical and Magnetical and Meteorological Observations made at the Royal Observatory, Greenwich in the
year 1852(London: George Edward Eyre and William Spottiswoode, 1854), Appendix I.

17 See notes for 3 October 1853 and 13 November 853t r onomer RBG6I26.s Jour nal

18 George Airy to Benjamin Sly, 8 April 1851, RGO 6/724 761 and Airy to Sly, 26 April 1851, RGO 6/724 763.

9 5ly to Airy, 31 October 1851. RGO 6/724 771.
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Wanted the spring which connects the galvanic wires with the rings on the conical axis.

The perspective of the bearing of the axis of theHaftd upper wheel is not correct. |

think the said left hand upper wheel is too low for true perspective. M4y hookds | o
might be represented. | should judge by the eye that the microscopes are in too large a

circle®

Despite Airybés close supervision, SI'y was fr
Initially, the engravings were to be finished Bgptember 1852, then November of the same

year?! However, by the end of 1852, the Astronomer Royal still did not receive any news on the
progress of the i1l lustrations. I n January 18
perfectly astonished dite del ays you have made in r%lgard tc
the same letter, Airy stated that if the plates were not going to be finished by the end of February,

then a new artist was going to be employed. These requests had a positiveeffedly soon

sent to Airy the finished illustrations. Whil
survive, Airy responded to it on 15 February
March?®

20 Ajry to Sly, 4 October 1851, RGO 6/724 7888

2L gly to Airy, 28 August 1852, RGO 6/725 907 and Sly to Airy, 2 November 1852, RGO 6/725 912.
22 Ajry to Sly, 15 January 1853, RGO 6/726 9a12.

2 Airy to Sly, 15 February 1853, RGO 6/726 914 and Sly to Airy, 28 March 1853, RGO 6/726 917.
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Fig. 33. Plate 1 from the officialescription of the Transit Circle (scanned by Graham




Among the illustrations made by Sly for the description of the Transit Circle, the first one,

|l abell ed simply as 6Pl ate 16 stood out. 't be
was represented and communicated to the public in the future. The image and its variations were
used for illustrating the instrument in both periodicals and textbooks. Furthermore, the same
view was used for the illustration of the Transit Circle for tloyd® Observatory at the Cape of

Good Hopé*As mentioned previously, while 6Plate 1
instrument, there were still important parts of the room and the instrument missing from it. For
example, the steps covering thect® and the horizontal axis of the instrument were not
represented on it. Similarly, two of the columns that would otherwise block the view from the
depicted perspective were also only partially represented as two squares on the Eastern and
Western sidef the Northern end of the instrument. Meanwhile, the two columns at the
Southern end of the instrument were part of the illustration. Finally, the small chimney system
used for directing the heat generated by thebgasers were not shown on the westpigr of

the instrument. However, the exclusion of these parts served the purpose of showing other parts

of the instrument that Airy deemed more important. For instance, if the steps covering the
horizontal axis were represented, it would have blocked &y of the central cube of the
telescope tube, or the counterpoises of the mercury trough. In brief, Plate 1 did not provide a
depiction of the instrument that showed the entire assemblage of the Transit Circle, but the
exclusion of parts served as a wayhighlight aspects and parts of the instrument that Airy

considered more important.

% Though it was depicted from the left of the instrument as opposed to from the right. Fascinatingly, that illustration

did not exclude the pipe/chimney placed above the-Bgbtur ce i n one of the piers. See
Astronomical Observations. Rdya Obser vat or vy, IQustiated London GeytMaktlo 8%/, pd

271.
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The story of the production of the engravings demonstrated that Airy was closely involved in the
making of the publications, and attempted to control every aspect @rntveven he was not the

person carrying out actual work. It was an exangblhat Daston and Galison referred to as the
6policing of the artistd in order to®Themove |
policing al so r elf nhapagement of Ahie reyedyday aperatiens af the
Observatory. By placing Sly within this framework, we see that Airy considered individuals and
tradesmen working outside the Observatory to be part of the larger assemblage of the
Observatory, which resulted applying to them the same techniques of control and surveillance.
However, despite Airyodés close supervision of
by other individuals, and eventually had to resort to issuing an ultimatum to the artrstth@/i

del ays in mind, Airyo0 sasglaurndédanot exclisizely orathetfactoryy d e |
management techniques of the time, but alschismegative experiences and distrust in the
reliability of work that was outsourced from his hands: &il | vy, Airyds attent
relation to the illustrations also demonstrated that their intended purpose was not only to depict
the Transit Circle in its glory, but to provide technically accurate plans that could serve either as

the basis for futter plans, or for consultation in the construction of other transit circles.

3. The model of the Transit Circle at the 1855 Exposition Universelle at Paris

Plate 1 was used as an illustration for an article about a model of the Transit Circle sent to
the Exposition Universelle in Paris in 1855. However, the illustration was mistakenly labelled as

t he d6dmodel of the Transi t telgmnorillostration suxvived ofithe e d i n

% Daston and Galisoff,he Image of Objectivify. 103.
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model that was exhibited in Paris. Despite this, an extensive set of correspondence survives
concerning the production and the reception of the nfSdélese documents give us a detailed

view of the network that contnibed to its production. Within the alphabetical index to the
manuscripts, one can find the Bank of England listed next to the French scientiBaj¢iate

Bi ot , Ai ryos internal not es sent t o t he Ob
correspondencavith the Grubb Telescope Company, and receipts from ship and commercial
agents Lightly & Simon following letters from Urbain Le Verrier (director of the Paris
Observatory). The documents demonstrate the participation of commercial, industrial, scientific,

and political entities in the production and display of the model. This is important in
demonstrating that the Observatory and its activities were not isolated from society. Instead, their
day-to-day operations relied on the stable performance of a newfather entities. In addition,

it similarly demonstrates the extent to whict
the members of this network. Finally, the documents offer an insight into how the different
entities approached and thought abthe model. It demonstrates how different social groups

give different meanings to artefacts such as the model of the Transit Circle, and that the
problems related to the artefact 0are define
social groupor a combi nat i &'nFordristansepwhileadr theyBoardiqi Srade

carrying out the project within the allocated timeframe and budget were the key considerations,

Airy focused on the quality and accuracy of the models being made, whicledesultlashes

between them. Similarly, while for the shipping company the model only appeared as group of
packages that had to be handled together and with care, for the workmen who set up the

instruments in France the boxes followed a logical order ftingeup the different parts of the

% These can be found in under the class number RGO 6/422.
%7 Bijker et al, The Social Construction of TechnologiGistemsp. 12.

218



model. The different meanings demonstrate once again the ways in which the final form and
presentation of the models were shaped by the multiple individuals involved in its history. As a
resul t, despi ttee madels gid 3ot embodyr exclugiviely his vision, but the

multiple meanings attached to them by others as well.

The Exposition Universelle of 1855 in Paris was considered to be both a response to the Great
Exhibition of -nadngmMhechaaisid daurd mega o ehBlt wa@saisotkea n  Wa r
first universal exhibition to bring together both fine and industrial’a@ the British side of

the exhibitors, the Board of Trade asked the Royal Society to set up a commaveesteehe

selection of industrial and scientific instruments to be exhibited in Pais.r y6s r ol e i |
Committee was to contact instrument makers about whether they were interested in exhibiting in
Paris® He was also asked if he wanted to exhibit anyttfogn the Observatory. To this, he
suggested exhibiting models of the instruments recently constructed for the Observatory: the
Altazimuth, the Transit Circle, the Reflex Zenith Tube, and the Barrel Chronotfr&ihce

funding for the exhibition from the rdish side was quite limited, the Committee offered to

display only a set of modetsf the Transit Circle. In light of this, the Board of Trade requested

Airy to provide details on the space that the set would take up as well as an estimate of the

associted costs. In response, Airy emphasised the difficulty of accurately estimating the costs,

BMargueritte Murphy, 6Becoming Cosmopolitan: Viewing a
P a r Niret@enthCentury Contexts32:1 (2010), 346 (p. 32).

29 patricia MainardiArt and Politics of the Second Empire: The UniveEepositions of 1855 and 18¢Kew

Haven and London: Yale University Press, 1987), pp439

% H. C. Owen to Lord Wrottesley, 14 December 1854, RGO 6/44D817

31 Unfortunately, almost all of the instrument makers declined on the basis of being yowithusrders from

clients.

“From the same letter we |learn that Airyo6és proposal to
Barrel Chronograph) at the Great Exhibition of 1851 was rejected. See Airy to H. C. Owen, 23 December 1854,

RGO 6/442 2122.
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andthe need for a large space for the mod&Meanwhile, the original instrument makers of the
Transit Circle declined to undertake the making of the models betheyg were too busy with
other orders? Due to such obstacles, and the time constraints, Airy decided to withdraw his

application for the exhibition.

Even though the model was not yet in existence, the different actors of the network already
interpreted t i n sever al di fferent ways. Airyoés aim
other instruments that formed part of hismstrumentation programme. It showcased them as a

suite of instruments that contributed to the operations of the Obssrvatoopposed to being

isolated from each other. By contrast, the Board of Trade approached the model and the display
as a financial expenditure, thereby shaping the extent to which Airy was able to execute his
vision. Finally, the instrument makers ineeted the model as an unnecessary diversion from

their more profitable orders. These different approaches to the model highlight how the network
shaped its final form at the stage of negotiations already by imposing financial, spatial and

production limiations.

Airydos withdrawal prompted the Board of Trade
and shortly afterwards, work began on a few of the mddé&ls. r y6s change of hea
induced by his friend, William Henry Smyth, who asked him not to withdraw; to which Airy
responded that o6winking at the ti%nRurthersome
complications at this stage arose when the Cdamime e deci ded t o exhib

instrumentso6 of the Observatory too, in order

¥ See the corresmdence between Airy and various members of the Board of Trade (H. C. Owen, Lyon Playfair,
Cpt. Francis Fowke), January 1855, RGO 6/422@5

34 Airy to Playfair, 29 January 1855, RGO 6/422 40.

3 playfair to Airy, 30 January 1855, RGO 6/4224t1Airy to Flayfair, 3 February 1855, RGO 6/422 48.

3 Admiral William Henry Smyth to Airy, 30 January 1855, RGO 6/422-448; Airy to Smyth, 30 January 1855,
RGO 6/422 449.
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time>’ By doing so, the Committee attempted to display the connection between the historical
aim of the Observatory (i.dhequ e st for l ongi tude) and the
instrumentation used in line with that airAiry once again had to challenge the proposal about
the exhibition, by arguing that he could not guarantee the safety of the instrdfrieritee end,

Airy managed to convince the Committee and was able to refocus his energies on the making of

the models.

CAdd ond ! ANBQA LYy F2N GKS | NNIy3asSyYSsS,
201)

3" Fowke to Airy, 6 February 1855, RGO 6/422 51.
38 Airy to Fowke, 7 February 1855, RGO 6/42252
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4. Making modeldjnkinglongitudes

The nearing of the opening of the exhibition meant that the construction of the models
had to be rushed. Airyds plan was to create ;
sized Acompl etedo model (with an , thexociginalanmak d pi t
model used during the construction of the instrument (which was in the possession of the Royal
Astronomical Society), three collimators, a small model of the lifting apparatus, tweduibn
models, and a full sized model of the n@rweights for the mercury troudhThe list of models
showed that Airy did not strive to present models that mirrored the operations carried out with
the Transit Circle. Instead, he focused on displaying the internal and external parts contributing
to its operation. By doing so, the models were visual manifestations of the technical description

of the instrument (which description was chained to some of the models during the exhibition).

Based on Airybés pl ans, t he efmitionsooftheteordneotles e x h i
each based on the historical network from which the actual model enffiesl.main large

model of the instrument was intended to show an impression of the totality of the instrument.
This was visible through the nawmorking/nonroperational state of the model. The lack of a
functioning state made it clear that it was a displiathe design of the instrument as opposed to

a replica of the instrument. The sectional models provided a different definition of the model. It

was used to demonstrate both the arrangements of the internal parts of the Transit Circle, while

at the same tien displaying the accuracy and firmness attainable through the use of chilled iron

technique. While the former turned the model into a tlreeme nsi on al il lustra

3% Ground Plan of the Models of the Greenwich Transit Circle in the Paris Universal Exhibition of 1855, RGO 6/422
201.

0 Soraya de Chadarevian, and Nick Hopwood (et#oyjels: The Third Dimension of Scier{&sanford, CA:

Stanford University Press, 20).
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description of the instrument (i.e. an explanatory model), the latter providadhple of the
material used for the construction. Similar samples in the form of models of the pivots were
exhibited at the Meetings of the British Association for the Advancement of Science in 1850 and
1851 Finally, the small complete model of the TrarGircle was already in existence when

the construction on the original instrument began. This small model was created in order to
convince the Board of Visitorabout the final design features and the viability of the project. It
also served the role @ smaliscale instructive model that enabled Airy and the instrument
makers to discuss and illustrate their ideas through a three dimensional medium. In brief, the
models of the Transit Circle exhibited multiple definitions ahadelas opposed to followpg

one strict definition of it.

Initially, Airy oversaw the making of the models himself, but by the end of March he assigned

the responsibility to one of his assistants, Edwin Duffkin.relation to the construction of the

models, his main tasks includegerseeing their completion, and arranging the logistics behind
shipping them to Paris. Furthermore, Dunkin and Green (along with a few workmen) were
assigned to go to Paris to set up the instrum
tha we can get a glimpse into the chaos that ruled over the organisation of the exhibition.
Dunkinbds first l etter from Paris compl ai ned
without any order, and that the allocated space for the models was natafised”> When

space for the models was finally allocated, it was not according to the original plan that would

“6British Association f dorningRost A vAaungcuesnie nlt 8 500f, Spc.i e3n.c;e 6G h
Application of Chilled Cast | r onNoticesahdAbstrdetsefot s of Astr
Miscellaneous Communications twetSectionsReport of the Twentffirst Meeting of the British Association for

the Advancement of Scieng®ndon: John Murray, 1852), p. 115.

“Airyoes direct involvement was reflected in his intern
ROG 6/422 21&28. For Airy assigned the responsibility to Dunkin see Airy to Dunkin, 26 March 1855, RGO

6/422 177178.

“3 Dunkin to Airy, 12 April 1855, RGO 6/422 18182.
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have placed the main model along the meridfafhe next letter recounted the story of the
organi serso objecti on sthetpt of h& manvnaotei, wigch lechte gr o
further delay$® Problems continued to mount as the opening of the exhibition approached. The
excavation of the pit was not yet ready, and no help was provided by the organisers to carry out

the digging. Furthermoregbjections against setting up the smaller models were rdiged)

was al armed by this development as he consi de

A

the gr®at one. 6

A few days before the opening the organisers once again objectedposttien of the smaller
models, and threatened to separate them from the large one by placing them into a different
hall.*® Both Airy and Dunkin wrote to Captain Francis Fowke (one of the heads of the organising
committee) to stress the importance of thedels as a séf. Fortunately, the British authorities
responded quickly and managed to keep the models together, with the exception of three smaller
models (the two half sections, and the original small model owned by the Royal Astronomical
Society).”® The amphasis on exhibiting the models together (especially the collimating
telescopes) highlighted that the Transit Circle consisted of several spatially separate elements.
Applying this idea of a spatially separated instrument to the Transit Circle allowggdanding

its history to consider how the different parts of the assemblage were interlinked, and how
modifications made to one part of the assemblage affected the operation of the other parts. For
instance, without the use of the collimating telescopes,instrumental errors of the Transit

Circle could not be determined. Without the measurement of instrumental errors, the observed

4 Dunkin to Airy, 15 April 1855, RGO 6/422 18¥85.

“> Dunkin to Airy, 19 April 1855 RGO 6/422 184.87.

“° Dunkin to Airy, 22 April 1855, RGO 6/422 18B89.

T Airy to Playfair, 24 April 1855, RGO 6/422 889.

“8 Dunkin to Airy, 3 May 1855, RGO 6/422 196.

“9 Dunkin to Fowke, 3 May 1855, RGO 6/422-92; Airy to Fowke, 5 May 1855, RGO 6/423-94.
%0 Airy to Playfair, 10 May 1855, RGO 6/422 9B.
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position of the stars could not be calculated with the high level of reliability expected from the
Observatory. By considegnthe Transit Circle as an assemblage of spatially separate but
operationally interconnected parts also opens up the question of how it interacted with other
instruments within the Observatory. Although such a question was hinted at through the
suggestionof exhibiting the Transit Circle with previous meridian instruments (connecting
present and past instruments), and Airyds ori
new instruments, the final display did not pose the question to the visftonge @xhibition.
Despite this, Airy was aware and conscious

instruments, and had them displayed on the walls of the Transit Circle Room at the Observatory.

While Green and the workmen left Paris before thenapy of the exhibition, Dunkin stayed

behind to look after the models for a couple more days and to finalise the displays (e.g. by
attaching descriptions of the instrument to the modésjter the opening of the exhibition, the

models received mixed nesnses from the press, most of which focused on their unusual design.

The lllustrated London News e f er red t o it as O6the mysteriou:
The same article noted that a French writer
Obsev at or yd as opposed >The inabiitgto aofmprehendtheidisptayed u me n
mo d e | was highlighted by the Board of Trade
descriptioné on the display, as tamdegepdatedync h v
asked to see it in actioAThe inability to categorise the instrument was also reflected in the
reports of | ocal newspaper s ttrhetpresspitkedlup end i t

the chaotic organisation of the event toe @mphasised by Dunkin), and used the story of the

>L Dunkin to Airy, 30 April 1855, RGO 6/442 195; Dunkin to Airy, 4 May 1855, RGO 6/4421087
52(’) The Opening of ItustratedRendon Blew® duhe 1B55,tp.i583n 6 ,

>3 |bid.

>4 Playfair to Airy, 8 May 1855, RGO 6/422 5.

®6Pal ai s d &orfbldChromicle 4 May 1855, p. 4.
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model as an example to criticise the inability of the British government to arrange the smooth
preparations for the Exhibitiott.Despite this, Admiral Smyth, who attended the exhibition,
praised the displa He reminded Airy of the distinguished location of the models in the
exhibition hall,and assured him that even the fiercest looking workers stopped to admire them

(figure 37)°’

Fig. 35. Detail of a stereograph showing the main exhibition hall. Theimmrmodel of the
Transit Circle is visible at the midottom of the image.

%6 [Untitled], Art Journal, May 1855, p. 165; [Untitled], Daily News, 16 April 1855.
" Smyth to Airy, [undated], RGO 6/442 451.
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Fig. 36. Detail of the previous stereograph showing an obstructed view of the model
which only the two piers with the lifting machinery on top of them are visible.
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Fig. 37. Letter from Admiral Smyth to Airy with a sketch of a visitor to the exhibition (R(
6/442 451)
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5. From Greenwich to Paris, and then to London

The fate of the model after the exhibition was not clarified between Airy and the Board of
Trade when it was commissioned. The Board of Trade assumed that since it was the body paying
for the construction of the models, the items
once Dunkin began the installation of the models in Paris, Aityucted his assistant to ask
around whether o6Le Verrier or®Naneyfthe @atisianel se 6
institutions initially signalled any interest, though Le Verrier agreed to keep an eye on the
models>® After the exhibition, Airy sent two members of the Observatory staff (John Green and
Alexis Albert de Lajugie) to Paris to remove the models. Lajugie was further instructed to
consult Le Verrier and Jedaptiste Biot, asking whether any of them woulcelilo have the
models. However, upon arriving to Paris, Green and Lajugie found the models in pieces and
ready to be sent back to England. They were informed that the president of the Board of Trade
had given instructions concerning the removal of the ajsPlIf Airy wanted to leave the
models in Paris, he now had to convince Playfair and Henry Cole. Meanwhile, Lajugie was
unsuccessful in speaking to Le Verrier, and Biot said that the Bureau des Longitudes did not
want the models. Since, Airy was still wiag for a formal response from Le Verrier, he told the
Board of Trade that models had been offered to the Paris Obser¥aByythe time Cole
received this response from Airy, they had already been returned to London. However, the offer
toaprestigious nsti tution | i ke the Paris Observatory

proposed solution to this matter was to make Le Verrier pay for the shipping of the models back

%8 Ajiry to Dunkin, 30 April 1855, RGO 6/442 19894.

%9 Airy to Le Verrier, 29 May 1855, RGO 6/442 2@84.
€0 L ajugie to Airy, 1 November 1855, RGO 6/442 2249.
61 Airy to Fowke, 15 November 1855, RGO 6/442 111
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from London to Pari8Ai r yds response was a andsupsequenty rej e

withdrew his offer to Le Verrie¥’

The possibility of giving the models to scientific institutions in Paris represented a fourth
meaning for the model. The previous meanings
interpretation) di spl ays of reputation (Board of Trad:
continuity (Royal Society). The proposal to leave the models in France as gifts constituted the
models as artefacts that disseminated technological knowledge to a#mifisccommunities.

By doing so, the emphasis of the models was shifted away from the large main model to the

small er models that provided technical 1insigh

The models remained in the possession of the Board of Tradewbilea except for the small

original model, which was returned to the Royal Astronomical So&latiith the future site for

the models still undecided, Airy received at least one request to display the models. E. J. Loseby
asked Airy if they could be traferred to the Royal Polytechnic Institut®Ho we v e r | Loseb
guestion arrived at a time when Airy was still entertaining the possibility of gifting the models to
the Paris Observatory, whfThe pobsiitity ohexhibingtoe r ej e c
models at the Royal Polytechnic Institution signalled a misreading of the display in Paris. The
Polytechnic specialised in the exhibition of
model offered none of that. However, it raised théeptal for further modifications of the

models in order to fit such aims of the Institution. Within such a context, the models would have

been interpreted in a fifth way, whereby they offered a functioning display of the instrument.

2 Henry Cole to Airy, 27 November 1855, RGO 6/442 134

&3 Airy to Cole, 29 November 1855, RGO 6/442 113&7.

6 Dunkin to Lightly & Simon, 4 December 1855, RGO 6/442 28.
8SE. T. Loseby to Airy, 22 October 1855, RGO 6/442 296.

% Airy to Loseby, 23 October 1855, RGO 6/442 297.
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It took around anothieyear and a half for the models to finally be installed at a new location. The
large model with the models of the collimating telescopes were given to the South Kensington
Museum. While the letters relating to this transaction do not survive within thigoApers, later
correspondence between Airy and the Museum
asking him to write a description of the instrument for the visitors of the mu¥esimce the
Astronomer Royal was busy at the time, he assigned theadtbert Main. Despite this, when
Main handed his new description to Airy, the Astronomer Royal found it unsuitable for a general
audience since it focused too much on the technical d&taitsa result, Airy decided to write

his own description that gted the focus away from the technical details of the instrument
towards how positions of celestial bodies were determined using transit circles. In addition, he
took the opportunity to highlight what made the Transit Circle stand out among similar

instruments:

The chief merit of this Greenwich Transit Circle is, that it is able to carry an object glass
of larger diameter than has hitherto been mounted on meridional instruments, and that it
gives great facility for examination of its defects and its erobrgosition. In its optical

power, its accuracy, and its convenience for observations it has no equal in Burope.

In order to provide the technical details of the Transit Circle to inquisitive minds, this description

was accompanied by the official degctii on of the i nstrument. The

and Airyds descriptions also highlight mor e

considered theaudience to be interested in the technical details of the instrument, thereby

maintaining the nterpretation of the model as a tool for the dissemination of technical

7 Cole to Airy, 20 March 1857, RG&/4 497498.

8 Airy to Cole, 11 June 1857, RGO 6/4 505.

% Airy, [Description attached to the model of the Transit Circle exhibited at the South Kensington Museum], RGO
6/4 511.
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knowl edge. By contrast, the Astronomer Royal 0
the visitors on how it contributed to positional astronomy. In this light, the model was re
interpreted within the aim of the Educational Collection of the South Kensington Museum, by

providing an instructive description of the instrument that the model represented.
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Fig. 38. Photo of the South Kensington Museum showing the model of Thensit Circle
(1857, V&A, Museum Number: 195838)
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Fig. 39. Photo of the South Kensington Museum showing the model of the Transit Circle
the right hand side of the image (ca. 1859, V&A, Museum Number: 32055)

The large model and the otheernts surrounding it survived on photographs taken in 1857 and
1859(shown on figures 8and ®).”° The first one shows the model installed in the Educational
Section of the site, with one of the collimators set at the southern end of the tefégtope.

second collimator is also visible next to the western pier. In its original state, this collimator

“For the first photograph see 6So uctationakMusean, Mechanias Mus e u m
gallery(?)06 (1857; V&A Coll938)t.i ofnosr, tMues esuent onnudmbpehro:t 0lg9r5a
t he Educational Museum, South Kensington Museum, (6the

Museum number32055).
" The northern and southern ends can be determined based on the positioning of the counterpoises (running around
an arch) that are always attached to the eastern pier of the Transit Circle.
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would have been placed in a smaller hole cut into the western wall of the Transit Circle Room.

The extent to which these collimators were considerednifgignt in comparison to other parts

of the display by the Museum was signalled by the placement of one of the globes on the pier
holding the southern collimator. Between the other items on display, the observation pit can be
seen excavated between therpi The inseparability of the instrument and the pit (both at the

Paris exhibition and at the South Kensington Museum) demonstrated how the space engulfing
the model formed part of the instrument just as much as the additional instruments set up around

it. The photograph served as the basis for an illustration that appearedliustieged London
Newsreporting on the opening of the Museum. The only major difference between the original
photograph and the il | ust r aetintlenmageaUnforturraiely,ar t i s
none of the visitors were depicted as observing the displayed model. While these two images
showed the instrument in a pexhibition state, a later photograph from circa 1859 showed the
instrument in a more complex environmeTaken from the northern side of the model, it shows
that maps were placed on the side of the east
of the Transit Circlé Ro y a | Observatory Greenwichoé. The pl
globesand the maps further exemplifies the close connection that the instrument maintained

between astronomy, geography, and navigation.

The model remained part of the South Kensington Museum within the Educational Colf&ction.
Reference was also made to itliie tatalogue of the Special Loan Exhibition of 1876he last

entry about the instrument appeared in the 1895 Physiography Catalogue of the Museum. As

2 Catalogue of the Educational Division of the Southdfmgton MuseuniLondon: George E. Eyre and William
Spottiswoode, 1867), p. 337.

3 Catalogue of the Special Loan Collection of Scientific Apparatus at the South Kensington Nluselon:
George E. Eyre and William Spottiswoode, 1877), p. 395.
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opposed to calling it a transit circle™ the e
Thisway,he catal ogue moved away from Airyodos desc
gener al audience), and used a description sim
The technical file of the instrument further specifies that in ¥@pdirs were made to the model.

However, the repairs did not extend the life of the model much longer, as it was deaccessioned in

1928.

6. A¢ KS adzmftAYS 6NIFGK 2F GKS ' AaGNRBY2YSNI w2

So far, the chapter has only discussed ways in which the Transit ®@aslelepicted in
relatively positive light. Articles critical of the Observatory and the Transit Circle also appeared
within periodicals and the astronomical community. For the purposes of illustrating them, the
next two sections will focus on two such migms. The first one was published by terning
Chroniclei n 1856, describing the instrumeandits of t
prompted a written response from the Astronomer Royal. The second criticism originated from
the astronomer Aklxt Marth, through an article submitted to the Royal Astronomical Society in
1858 and 1859, and subsequently published inAgteonomische Nachrichten 1861. While
the impact of the article was downplayed by both Airy and the members of the RAS, Airy
provided an irdepth response to the article to the Board of Visitors, which showed that he
considered it a significant attack on the reputation and status of the instrument. These two cases

highlighted how Airy reacted to pieces critical of the Observatang on what grounds he

" Entry fromthe 1895 catalogue in the technical file of the model, Science Museum.
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justified the need to respond. Furthermore, the examples also demonstrate that the Transit Circle

and the practices associated with it were not universally accepted.

On 20 August 1856, théMorning Chronicle published an article about the state of the
Observatory based on the reports of the Astronomer Rdjaused the Crimean War as a
reason for comparing how astronomy was supported in England and imRuséih ow does
governing class in England, withl aur celebrity for arts and arms, and unbounded wealth,
support this magnificent science? And how does the Czar, alleged to be despotic, and his
subjects attend t 8The &tzle them companes the Abservaony svishithe ? 6
Russian natioal observatory at Pulkovo (each institution being a state funded, i.e. national
observatoy). Beginning with a description of Greenwich, the article cited the latest Annual

Report of the Astronomer Royal to the Board of Visitors, which according tootiraglist

described the instruments o $uchtah might be pitckedtupt i on

amongst the old metal cur i &&rbm thie the autmorigferredar i n e

1

that the government did not supply the Astronomey Rol Owith i nstrument ¢

accomplish his duty6éo, nor had it done so ev

instruments led to previous failures of the Observatory, such as letting John Couch Adams (and

the ONationd) Vesgy oLt Nept ume, dascwel | as al

nati onal observatorybd I n t er ms of i ts i nstr

criticism to include the members of the Board of Visitors too, who were supposed to oversee the
Obsenatory, but in light of the Neptune controversy and the poor instrumentédited to do

so. Leaving the Observatory behind, and moving onto Russian territories, the article ventured

;z [Untitled], Morning Chronicle 20 August 1856, p. 4.
Ibid.
7 bid.
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into a very brief description of the Pulkovo Observatory. However, adstd providing an
interpretation of the recent report of the Pulkovo Observatory, the author briefly characterised it
as Ocelebrated for its completeness and achi e

final remarks the author reminded their ader s of the shame that an

about o6a Il ess civilised kingdom overtaking Br
the governing class | earning from this compal
fromourl at e antagonisti@® dealings with Russia.?®o

The authorés main point about the i mprovement

an end in itself (i.e. for the sake of the Observatory or astronomy in general), but rather as means
to an end (i.e. torticise the actions of the government). Such a framing of the article explained
the superficial comparison offered by the wri
the Pulkovo Observatory that surpassed the Observatory was not expanded upon. |
consequence the criticism was aimed at the means of funding and the supervisory bodies of the
Observatory (the government and the Board of Visitors) as opposed to at Airy. In light of this, it
can be characterised as a political attack on the Britisergment using the Observatory as an
example, as opposed to being a direct criticism aimed at the Observatory itself. Despite this, the
article was also able to touch upon another characteristic feature of nineteptity
astronomical work, which was thiese of private or smaller observatories. Unfortunately, the
treatment of the subject was not expanded upon, but it was enough for George Airy to pick up on

it in his subsequent response.

Since theMorning Chroniclearticle did not do so, it is useful #xpand upon the relationship

between the two observatories. This era was remarkable for the close astronomical and personal

8 bid.
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ties between the two observatories. Airy was a close friend of the Struve family which went on to
produce two subsequent directafsthe Pulkovo Observatofy.Airy also praised the Pulkovo
Observatory by calling it a model for any modern observafBrifowever, rather than
considering the excellent qualities of Pul kov
addition of Pulkovointo the international network of astronomical community, and looked
forward to its contribution to the collaborative projects between national observtaxiesher
example of the c¢close connection betwe@ar t he
punch to Pulkovo, thereby demonstrating that they exchanged not only astronomical knowledge
(such as th&reenwich Observatiofpsbut also smaller items related to the efficient running of

the two observatorie€.Despite the praise that the establishmand instruments at Pulkovo

received, they also had their shortcomings. As astronomer Francis Diedrich Wackerbarth noted

in a private |l etter to Airy, Struve himself d

great refractors good enough, badito maintain the high reputation of the instrument since due

to the o0jealousy with which he is | ooked upon
unpl easafRi val thy mwas similarly maintained by
instrument at i on. Struve had a generally <critical

preferred instrument rkars. Reflective of this was anothesmment made byWadkerbarth to

Airy. He mentioned that Struv&e onsi der ed Si mms Omerely a |

9 Alan H BattenResolute and Undertaking Characters: The Lives of Wilhelm and Otto $Baxgrecht, Boston,

Lancaster and Tokyo: D. Reidel Publishing Company, 1988), p. 90;Autpbiography pp. 342343.

®simon Werrett, 6The Astronomical Capital of the World
David Aubin, Charlotte Bg, and H. Otto Sibum (edsJhe Heavens on EartiDurham and London: Duke

University Press, 2010), 37 (p. 33).

st even J Dick. 6Pul kovo Observatory and the Jdyati onal
H. Lieske, and Victor K. Abakin (eds.)Jnertial Coordinate System on the Kprdecht, Boston and London:

Kluwer Academic Publishers, 1990),-28 (pp. 3334).

82 For the paper punch being sent to Pulkovo see Airy to Winnecke, 1864, RGO 6/148 235. For miscellaneous items
and the Greenwich Observations being sent to Pulkovo s
6/151.

8 Wackerbarth atthetimewasask g f or Airyoés advice about new instrume
Sweden. Wackerbarth to Airy, 28 April 1853, RGO 6/166 161.
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Improvements, & makes no Improvements himé#lifn brief, the quality of instrumentation at
both the Pulkovo and Greenwich were topics of discussions at the time, but regardless of their

qualities, the two observatories maintained strong and suppo#gse ti

e e
3
=1

Fig. 40. Artwork depicting The Pulkovo Observatory in 1855

Airyds response (titl ed A SMornag Cheonickeartitle wase Gov
published in a different periodicathe Athenaeum 10 days after the original piece appedted.
Airy justified his decision to publish in a different journal by arguing that his statements applied

only to science, and therefore found it nece:s

84 \Wackerbarth to Airy, [undated], RGO 6/166 1667.
®George Airy, 6Sci e rAthenaecanid. 130% 2 ugust 1856, ppnle86as?D. ,
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(i.e. the Athenaeun as opposed to t hMoringpChrbnic).FPalel pr e s
Athenaeuntan be characterised as part of the scientific press due to regularly reporting of the
meetings of scientific societies, and for publishing articles by men of scienegvE it also
incorporated literary works, which meant that it was not exclusively focused on matters of
science. Therefore, Airydéds characterisation o
use and wide readership among the scientimmunity. The first point that Airy refuted was

the idea that the instruments at the Observatory were old. The Astronomer Royal showed that
6ninety nine hundredths6é of the work at the
that had been installesince 1847. Refuting the criticism that the instruments were of poor
quality, Airy listed why each possessed a high quality, remarking of the Transit Circle that it was

6wi thout doubt the fi nest¥Intermstof thenfieamdl granfs i t s
allowed to the Observatory, Airy pointed out that since 1835, the government had not a single
time 6refused to grant the f Hdalsocoeneredthatd [ b
poor instrumentation played any role in the Neptune cwetsy. Instead, he highlighted the

division of astronomical labour between the observatories of Pulkovo, Paris, and Greenwich,
each limiting its objects of research and specialising in smaller segments of astronomy. Airy,
qguoting from his own reports, demstrated that such a division of astronomical labour, and the

refusal to install a new equatorial telescope, had been reflective of his own personal direction of

the Observatory, as opposed to being the command of the Goveffifiemtly, regarding the

criticism about nomational observatories being better equipped than Greenwich, Airy

% bid.

 bid.

% bid.

8 This lack of proper instrumentation was not brought up during the Neptune Controversy as a contributing factor.
Similarly, historians writing about the subject Chapman, Kallstrom, and Smith, didmsitleoit as a possible

factor. Despite this, due to the failing states of smaller equatorials, Airy recommended supplying the Observatory
with a new Equatorial in the following years.
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highlighted that the institutions were not in competition with each other. Instead, each one of
them carried out research in different segments of astronomy on purpasanclade his piece,

Airy reflected upon the what the factually erroneous writing ofMleening Chroniclemeant to

the London journals in general: 6by [the au;
scientific character of th#orning Chronicleis runed, and that of every London journal is

A

i mper®11ed. 6

Ai r y 06 sby-ppiat irebdttal of theMorning Chronicle article highlighted two important

aspects of the Transit Circle. First, it demonstrated that Airy considered the instrument not only

to be thebest in England, but also in the whole of Europe (remarking at the same time that it was

only superseded by its copy at the Royal Observatory, Cape of Good idp& was based on

the grounds that no other meridian circle in existence was able to navbjext glass as large as

that of the Transit Circle, therefore providing the ability to measure the positions of fainter
celestial objects too. Second, Airyds framin
instruments installed since the 1847 demw@ted that it formed part of a larger project in which

he intended to replace the existing instruments with better ones, and also to introduce new
instruments into the Observatorybés work regin
out of nowlere as an isolated instrument, but emerged as part of a larger renewal project of the
Observatory initiated by Airy. Finall vy, Ai ryod
among observatories highlighted the extent to which the Observatory oalidde orderly

functioning of the Transit Circle, since it was the main instrument used for positional astronomy,

the area of research that had historically been assigned to the Observatory.

9 bid.
bid.
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TheMorning Chronicler e sponded t o Ai r y osanilarie mt@re to thatofitst h  an
first article. The response was published on 10 September 1856, but remained unanswered by the
Astronomer Royal or anyone el se, makMomigg it t h
Chronicle®® The writer of thec 0| umn began by characterising t
Athenaeunras Ot he subl i me wrath of the Astronomer
the original article had considered Airy as a person caught up in the incompetence of
government, thdollowing words were going to target the astronomer hiniSelhe article

moved on to clarify that the source of infor:
had been based was the recent report of the Astronomer Royal to the Board of Visitors.

further prove the points of the initial article, the author quoted a lengthy passage from the Report
where Airy made the case for a new equatorial telescope. In this report, Airy described both
equatorials currently in use at the Observatory (the Shugkband Sheepshanks Equatorials) as
suffering from defects. However, neither in the quoted extract, nor in other parts of the Report,

did the Astronomer Royal describe the other instruments (i.e. the meridian instruments) to be in
poor condition as th&orning Chroniclehad argued. Therefore, Airy was right in his criticism

that the first article projected a problem currently being fixed (through proposing the

construction of a new equatorial) onto other instruments of the Observatory.

In light of this, theMorning Chronicledecided to take a different line of attack. The writer of the
article repeatedly emphasised that the original criticism was aimed exclusively at the equatorial
instruments, in order to illustrate the lack of compiess of the instrumentation of the

Observatory and its Oéinstrumentation®Thibei ng]

22 [Untitled], Morning Chronicle, 10 September 18564p.
Ibid.
**Ibid.
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statement, however, shifted the discussion away from the quality of the instruments towards the
division and organisation of ashomical labour between observatories and nations. With this

move, theMorning Chroniclemodified its original criticism that had attacked all the instruments

in the Observatory. It moved to ask another g
excuse[d] i mperfection elsewhere.d Airyods tho
in his response, where he had summarised it as every observatory devoted itself to one
specialised area of research. Within this division of astronomical labour he Obser vat or
was to maintain the long running frequent meridional observations in line with its historical aim.
Other national observatories were able to devote their energies to similasdatgeand long

term projects that required contirusofunding and large numbers of personnel for longer periods

of ti me. I n contr ast Motning Chrionicle éntertaieed @ @eaaot | on,
astronomical division of labour where national observatories were able to contribute to various
projects & the same time throughout all the branches of astronomy, as opposed to being
institutions, each specialised to a single part of astronomical W8dsed on such an idea, it

can be understood why tiorning Chroniclerepeatedly emphasised the lack of pbsteness

of the Observatory. However, by doing so, the
on the division of astronomical work and about the historically specialised aim of the

Observatory?®

Ai ryds e nc oMomihgeChronicliehigihlightedhtiee extent to which Airy was willing to

engage in maintaining the reputation of both the Observatory and its instruments. Rather than

“According to Dick (1990), the Pulkovo Observatory was
Sthough not equal attention) to many branches of astronomy at the same time.

® The article also raised two other issues:tlig} Airy was the mastermind behind this type of division of

astronomical labour and for the lack of equatorials at the time of the discovery of Neptune, which placed the blame

of losing out on the discovery on Airy; and (2) the salaries of the assiatentsy too small (comparable only to

that of junior clerks in a bank).
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of fering an active defence against the <cl ain
answered the first artie), he reluctantly countered the accusations within the pages of a different
periodical. By classifying theAthenaeumas a Osci enti fic presso, A
relating to the Observatory were not matters relating to politics, but rather tf thatscientific
community. Il n brief, Airyds attempt to chang:
arguments of his critic(s) demonstrated what segment of the public was considered by him to be

the target audience for his involvement in the mtenance of the reputation of both the

Observatory and the instrument.

7. The Marthiad a story of personal vanity, mathematical pedantry, and malice

Criticism of the Transit Circle and the Observatory did not only surface in the political
press, but inournals published by astronomical communities too. An example of this was Albert
Mar t hdés c (1B6D)iorcthel Tramsit @ircle and its possible errors as derived from the
Greenwich Observation$Vhile the piece by th&lorning Chronicledid not seento have made

a lasting i mpact on Airy, the attack by Marth

On Sept. 181 circulated amongst the Visitors my
Polar Distances of the Greenwich Trar@it r c | e, by A. inkhert h, 6
Astronomische Nachrichten; the Paper by Mr Marth was an elaborate attack on the
Greenwich methods of observation, and my Remarks were a detailed refutation of his

statement&’

97 Airy, Autobiography p. 240.
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The story of Marthos articl e hhalgrgthe gublicason how A
of a critical article on the Transit Circle, which led to its subsequent appearance in the
Astronomische Nachrichten and t o Airyods e x pdgesaddrassed tptheé et t er

Board of Visitors.

Albert Marth has rarely@peared in histories of astronomy. The most extensive account of his
life was the obituary produced by the Royal Astronomical Socfdt#e was born and educated

in Germany, and devoted his life to astronomy from an early age. His fascination and skills led
him to work under the supervision of major astronomers of the time such as Friedrich Bessel.
After completing his early education, he moved to England to assist and be in charge of private
and university observatories. In 1858 Marth finished writing diclarabout the errors of the
Transit Circle and the methods with which those errors were determined. This was submitted for
publication in theMonthly Noticesbut the referees rejected it upon undisclosed grounds. While
Airy was notified about theubmission of the paper, based on his letters to the members of the
Royal Astronomical Society, he did not want a cdpfespite knowing only the topic of
Mart hbés paper, Airy nevertheless suggested th
Astronomical Society, on the assumption that it might be useful to the people atté¥ding.
Similarly, we also learn from the same letters that Marth had not contacted Airy while writing

the piece, which the Astronomer Royal both lamented and found surpfisidgder these

% Albert Marth Monthly Notices of the Royal Astronomical Society, 58:4, 11 February 18981439
‘iz Airy to Carrington, 28 April 1858 RGO 6/236 712.

Ibid.
108 pid.
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circumstances, the first part of the article was read out at the meeting of the Royal Astronomical

Society on 9 April 1858%

Marth resubmitted his article to tiMonthly Noticegowards the end of 1859. This time, Airy

received a copy of the pap but due to time constraints he asked Robert Main to create a
summary, with a special focus on O6what may s
pracf®Thbesdénote demonstrated that Airy was st.i
theOls er vat or y. Mai nbs summary was detail ed, bu
by Marth had already been remedied and implemented into the operations of the insffiment.
However, even in the light of this, Main considered it to be an attackeoretfutation of the

Transit Circle, the status of the Observatory, and the expertise of the Astronomer Royal. Main

also informedWarrenDe La Rue (one of the officers at R
close friencifigure 4) about Ai Acgodlisg to Mam cAiry feltnhat the publication

of the piece would serve as a way of both ac
both Airy and Main considered to be unfounded and outdated. However, at this point, the

Astronomer Royalintende t o restrain himself from denteri

the justice of Mr Marthés ani madversions. ® I n
argued that Airyodés astronomical reputhestle on wo
attack, which would | ead to the Astronomer RCcC

Astronomical Society®

spapers read before the Soci eMonthlyNoticesofiheRayalary 1858 t o
Astronomical Society19:4, 11 February 1859, p. 157.

103 Ajry to Main, 17 November 1859, RGO 6/236 714.

194Main, Robert, Not es on NaRGO B/736 71§ 10p e

195 Main to De La Rue, 19 November 1859, RGO 6/236 722.
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Two days after Mainbés | etter, Airy himself al
learning from Main that De La Ryeesides another member of the Royal Astronomical Society,
Richard Carrington) was one of the individuals aiding financially the independent publication of

the piece in case if it was going to be rejected by the Royal Astronomical Society again. In his
letter, Airy urged De La Rue to read through the paper before proceeding with the publication.
Similarly, we |l earn from the | etter that Car
comparison of English system wiry foundibto e gn sy

6[ Carringtonés] continued malevolent criticis

Observatory. o Airy was wunable to tell what tf
the work, but could not deny the harsh stylé di e pi ece: O6[ w] het her it i
mal i ce | cannot tell; but i1 f of wvanity, It 0
this, Airy mentioned that iif there was going

in to the will of the peopl&?®

De La Ruebds response to Airy provided additic
paper thought: O[i t] contained much valuabl e
although, on account of criticisms d@ontained, they did not consider it adapted for our
Transactions. 6 De La Rue also reassured Airy
give his fullest attention to it. If the paper was as hostile as Airy depicted it to be, De La Rue
offered to mmediately stop financing its publication, which might prompt the other financial
supporter, Carrington, to revoke his support too. De La Rue further clarified that his intention

was to provide support for publication by foreigners who considered the ofad&reign

publications in the Transactions a Onatural |

198 Ajry to De La Rue, 21 November 1859, RGO 6/236-728.

247



of t his, De La Rue excl aimed that he did not

scienced6 that would é@aeeer athehsl sgme¥si manoay:

Once De La Rue finished reading through the paper, he declared that he found the style of

Mart hdés paper excessively critical

[(indeed the paper appears to have only one object, namely, the depreciation of work
done & instrument employed as far as possible. The paper seems to have been written

with an intentional hostility not consonant with a purely scientific critici$m.

Fig. 41. Print portrait of Warren De La Rue (1855, NF Fig. 42. Print portrait of Augustus De Morgan (c. 186
P120(38)) NPG, x45715)

197 De La Rue to Airy, 21 November 1859, RGO 6/236 729.
1% pe La Rue to Airy, 10 December 1859, RGO 6/236 734.
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Based on this reasoning, De La Rue decided to revoke his intent to finance the publication of the
paper, but mentioned to Airy that it might still end up being published in one foamather.

However, even in such a case, the paper would not have the disastrous effect that Airy feared,

t hough it might require him to respond. Airybo
intention to suppress the paper. Instead, he wantedpress its poor quality, that he and Main

were both aware of the errors and criticism highlighted by Marth, and that it added nothing new

to the current state of knowledge. Yet, to finish his letter, the Astronomer Royal repeated his
earlierovercha@at eri sati on of the paper as O6a mass of

and shall | say of mM%lice? as | never before

Besides De La Rue, Airy also contacted another one of his friends, Augustus De Kigngan

42). In his letter, Airyraised the issue that the future of the RAS was in danger from an attack by
Carrington, and explained the various steps with which Carrington had been attempting to
cement his position within the RAS. The Astr.
was part of this larger scheme by Carrington, therefore being an imminent danger to the Society.
Airyds disapproval of Carrington was quite cl
paper was going to be published or not determined which of gkirf@arrington was going to

have to leave the RAB°De Morgands two responses were ca
emphasised that the issue was probably going
Airy was going to have to accept the decisionloet counci | |, since O0they m
as t hey"Dpel eMosregatn s (and De La Rued6s) respons:

had its shortcoming, not even Airyds cl ose

109 i
Ibid.
110 Airy to De Morgan, 21 November 1859, RGO 6/236-725.
1 Dbe Morgan to Airy, 21 November 1859, RGO 6/236 728; and De Morgan to Airy, 24 November 1859, RGO
6/236 731732.
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attempting to wage a war agdirtbe Observatory for the sake of increasing his influence in the

RAs.

With both De La Rue and Carrington halting
ultimately not published in England. Instead, it found an outlet beyond the shores of England in

the most prestigious astronomical journal at the tikronomische Nachrichtern the first

footnote of the published article (on the front page of the journal), reference was made to its
intended publication in England. Despite this, no reference vedie o it being rejected twice

by the RAS. The version as it appeared in Asronomische Nachrichteeriticised both the

design of the Transit Circle and the ways in which its errors were determined. The four main
errors of the calculations that Marthrs ed wer e the (1) unsuitabili it
to the Greenwich environment, (2) the lack of explanation given on determining the errors of the
thermometers used in conjunction with the observations of the Transit Circle , (3) the inaccurate
determination of the flexure of the telescope, and (4) the possible errors of the micrometer
screws. Furthermore, as a problem found in the main design of the instrument, Marth criticised

its large size, and especially that of the divided circle, to psaictical™*?

Unfortunately, the i mpact of Marthos paper wi
unclear. The only reference to it was found in a letter from William Henry Smyth to Airy, who
mentioned that he heard rumours abott’iDespite this, Aiy was well aware of its publication.

It prompted a similar response to that anticipated in his letters to De La Rue: instead of
defending himself at the meeting of the RAS, he chose to write a response to the members of the

Board of Visitors in which herpvided a counter argument and additional information in relation

12Al bert Marth, o60n the Pol ar DiAsronamischéachrizhten Kols.d26@6r e e n wi ¢
1263, pp. 17230.
13W. H. Smyth to Airy, 1 October 1860, RGO 6/236 307.
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to the state of the Transit Circl€'Fur t her more, Airyods |l engthy re
pages) offered an insight into how he saw his role in relation to the maintenance of theoreputati

of the Observatory. According to the Astronomer Royal, the paper would have remained
unanswered due to its poor quality, but the o
the Observatory necessitated a written explanation to the Boardsiwbrgi'® Unfortunately,
Airydos handwritten response has faded over ti
From the little that remains readable, we can infer that Airy provided alpgiobint rebuttal of
Marthoés paper. Gsuravessdascribed poavshe argrs of thé lzatometers were
determined, and how Marth did not reference the explanation for it in one of the introductions in

the Greenwich Observations® Another example provided by Airy attempted to demonstrate the

high quality of the micrometer screws. Besides offering a short description of how they were
made, Airy also remar ked 061 t-deriewslof the Gregmwiahb a b | |
TransitCircle are greatly superior to any with which Mr Marth has been ipedgt

a c q u a t*'Mhedength§ written address to the Board of Visitors finishes by repeating the
justification offered before by Airy for the large size of the Transit Circle: the size being
determined by the-Bich object glass, which the telescopegubc ar r i ed, as oppos

personal preference towards large instruméfits.

Among Airybés correspondence, t wo exchanges of
his response. The first was with Smyth, who coined the name Marthiad for the affair, and upon

reading through Marthoés pape eingamoattackiin disguise, wi t h

I Comments on Marthoés paper] 30513 September 1860, RGO 6
115 H
Ibid. 275.
118 |hid. 284-287.
17 bid. 288289.
118 |hid. 302303.

251



Marth being nothing el se ™ urthernworetSmyghurgéddirytoan 6 a
prepare oO0for a tilt with the form which | thur
(possibly Carrington) who ltabe en provi di ng supPArtrybsr rapbptl
argued that Marthdos paper was possibly a pro
opinion on Marth had reached an all time low. Highlighting why he did not want to respond in
publicorat t he RAS, Airy stated that ol wi || not
troubling such a dirty dog as Marth. o Despit
Carrington was behind blowing the paper out of proportion by encouraging feogtwout the

way. As a result, he once again called for the gradual removal of Carrington from the RAS. As
for why he responded to Marthoés paper, he r ey
Board of Visitors, by rWisitsrcim possessiog of my vieawsson éy s 0 d

points which seems to aff'ect the honor of the

While the attack of théMlorning Chronicleon the Observatory and the Astronomer Royal
demonstrates how Airy handledcalri pressm, thhe
served the purpose of hi ghlighting Airyds re
originating within the astronomical community. In the case of the Marthiad, Airy inferred an
intention behind the criticism, which led tos accusing Carrington for scheming against him

and the RAS (though this view was not support
The Transit Circle itself was in the crosshair of the Marthiad, as the astronomical instrument that,
according to Marth, possessed a lesser quality than tBeeenwich Observationsthe

Observatory, and Airy claimed to have. However, Airy and Main were quick to point out that the

Eiw H. Smyth to Airy, 29 October 1860, RGO 6/236 309.
Ibid.
121 Ajry to W. H. Smyth, 30 October 1860, RGO 6/236 310.
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shortcomings of the Transit Circle identified by Marth were limitations of the instrutmehad
either been highlighted in specialist publica
Marth not communicating with the ROG during the preparation of his article. Unlike in the case

of the Morning Chronicle Airy did not provide a pubti defence of the criticisms, decided to
change the fAbattlegroundo by considering the
supervising the work of the Observatory (i .e.
maintain the reputatioand the status of both the Observatory and the instrument was always
targeted at an audience whom the Astronomer Royal considered to care about the criticisms, as
opposed to countering arguments in public. Through this strategy Airy was able to limit the
impact of the criticisms (by classifying them as unworthy of response), and also helped in
focusing the maintenance of any harm caused in the status of the instrument and the institution to

immediate supervisors of the ROG (i.e. the Board of Visitors).

8. Conclusion

A scientific instrument is always more than a sum of its material components. It can take
various immaterial for® through differenttypes of representation. In turn, they create an
Ai mageo or competing A icondripgitesaestablishing hsereputatict r u me
and statusSimilarly to its materiality, an image of an instrument undergoes constant changes,
and as a result, it has to be maintained and managed by individuals. By using the
termmaintenance instead of managenehis dissertation further emphasised the interconnected
nature of an instrumentdés materiality and its

changes in the otheFhis chapter applied this analytical framework to the Transit Circle in order
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to better understand how its image was managed by Airy. Such an analysis provided insights into
howA i r guérsght of thélransit Circle operated, and the extent to which he considered
maintenance of its image part of his duty as Astronomer Rioyaltlition, the chapter showed

that theTransit Circle was nainiversally considered a reliable amdh qualityinstrument,

which promptediiry to actively respond toritics, in order to maintain the reputation and status

of the Transit CircleFinally, even among those who considered the instrument reputable, there
existed a difference of opinion on how its imaf@uld have been presented to different

audiences.

The chapter began by demonstrathag r ¢loSesinvolvement in the maintenance of the image

of the Transit Circle. lused as an example the production of the illustrations ah#teiment

that accompanied its official descriptighi r iptéractions with thartist Benjamin Sly added

another example to holeexercised personal oversight dfet Transit Circle; this time by
monitoringS | ywork andsendingnstructionsaboutwhatparts of the instrument and its
surroundingshould bencludedand excludedt demonstrated that i r glo§esinvolvement in

the construction of the Transit Ciraleas not a unique event throughout his directorship. Instead,

he was closely involved in any matter related to the instrument and attempted to exercise
oversightof itas much as possiblEinally, the example of the illustratioasidsa new
dimensiontoBes el 6s st atement thatComsitdememdg st lwer i@

part of an instrument shows that instruments are made not twice, but three(ljrasthe

i nstrument maker 0s wor kshop, thréugh nathematidale pap
calculations, and (3) byamyer son i nvol ved tomaintaindsepuiatomgana n @i m
status.

254



The story of thanodels of the instrument considered different aspects of maintaining its image.

The example showed thath e pr e s e nt e d insfiumens was dot alvfays tadgreed
upon.Whenplans  for  proposetbr  whathow  todisplaythe instrumenat the
ExpositionUniverselle different individuals wanted to presentdifferently. Each of these
representations would have created a diffefentgn@a 0 o f t h 8y dbimgsd, thetone nt .
demonstrated that not only people participate
but there were multipl e c¢omeilethenfigal niatemabfgre s 0 f o
of the models dich o t incorporate al/l the different Ao

planning altered the final form of the models.

The story of the model s al saninsgrontem evas ndtthskt cr e
carried out by a single individual.Instead, iinvolved various networks and
individuals.Moreoverc r eat i ng an @i mageo theamstrumtionpahe c e s s
instrumentFocusing on the making dhreedimensional modeltrther highlighted these
similarities. The dowmments relating to the construction, installation, and administration

of models showetiow practical factors such as funding, shipping, and personal preferences of
the organisers affected t hdnthisiligh évenfthougirge 6 pr e
tiedtoexer ci se cl ose oversight of the entire pro

of the instrument was the one that he desired to represent.

The presented Ai mageso of the model coanti nue
Pari s. As the discussions around the model 6
demonstrated, Airy and Main had two different visions of how to present the instrument. While

Main provided a technical description, Airy considered the model to ba afteducation about
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positional astronomy. This demonstrated that the same model could take on different functions
and images over time, and that such images were shaped by the setting where it was exhibited as

well as by the individuals who had oversigfithemodels.

Maintaining the reputation of an instrument involved both producing images of it and defending
its reputation from criticisms. The attack of tidorning Chronicle on the quality of the
Greenwich instruments, adi r sul@sequent response to the article served as a key exafimple
this. Even though th€hronicled sriticisms were refuted by the Airy point by point, the case
demonstrated that there was not a complete agreement on the quality of the Transit Circle. In
fact, his response argued that attack on the reputation of the instrumentation was used for
political purposes. In this light, the presented image of the instrument was not only used to
maintain the reliability in connection to the astronomical data prodincgdlso tanaintain the

public reputation of the Observatory. As a result, despite the isolation of the materiality of the
Transit Circle at the Observatory, through t1
and nonspecialist audiences werelalio actively engage with it. This required from Airy a

constant maintenance of its #@Aimageo.

The Marthiadepisodeprovided an example to maintaining the reputation of the Transit Circle
within the astronomical communit§imilarly to the attack by th#orning Chronicle it showed

that thequality of theTransit Circleand the observations made with it were not considered
reliable by every astronomer. As a result, Airy had to engage in the maintenance of the
i nstr unagemithinghe astronomical community too. Since the paper by Marth was first
submitted to the Royal Astronomical Society, the case also provided insights into how Airy used

his network to maintain the reputation and the image of the instrument. Throiggh th
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exampleA i r gysiesn of oversight appeartd be composed of an extensive network of
individuals who regularly provided advice to him and helped him in executing his declsions.
asks us to reconsider the mai danetrasataskcamdd t he
out exclusively by Airy, but as a series of actions made by various individdadgionally,

the Marthiadepisode showethat Airy considered it part of his role to defend the reputation of

the Observatory and its instrumentatirom any attack. Thifurther strengthens the view

thatA i r actioss have to be considered through his position as scientific public servant who

has to manage and maintain a scientific institution funded by the Government.
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Chapter & From a working instruméto a museum object

1. Introduction

6 St asmidk tha world amous Merliodsirarh lainne!ciooni c sel fi
Prime Meridian Line of t he wdéAnjode wamvisitsshe ar e u
Observatory today will be tempted to follow these suggestions of the Royal Museums
Greenwich, found on their website promoting the Prime Meridian. This practice has in fact
become a ritual for almost anyone visiting the Observaffigyure 43) Even though the same
websites clarify that the Line was-hatsifthened by
eyepiece of the telescope pr ec upsuati tpdaydtieefei n e d
remains more focus on the Litiean on the processes and instrument (the Airy Transit Circle)
that produced it. But why is this the case? Why are the products of scientific and technological
processes more iconic than the painstaking labour that produced them? How amalveswych
preferences towards the eppdoducts been maintained in the museums, and especially in the
displays of the Transit Circle and the Prime Meridian? And has this always been the case? By
asking such questions, the following chapter will attempt to navigate alvew path shared
among approaches in History of Science, Museum Studies, and Science and Technology Studies.

It will do so in order to demonstrate how the focus on the end product as opposed to on the

astronomical labour producing it helped to maintasrstatus as a standard for the British Empire

! https://www.rmg.co.uk/discover/explore/primeeridiangreenwich [Accessed on 11 February 2019]
2 https://www.rmg.co.uk/SEO/WE-RECOMMEND/ATTRACTIONS/STANDWORLDS HISTORIGPRIME-
MERIDIAN [Accessed on 11 Felaiy 2019]
3 .
Ibid.
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https://www.rmg.co.uk/discover/explore/prime-meridian-greenwich
https://www.rmg.co.uk/SEE-DO/WE-RECOMMEND/ATTRACTIONS/STAND-WORLDS-HISTORIC-PRIME-MERIDIAN
https://www.rmg.co.uk/SEE-DO/WE-RECOMMEND/ATTRACTIONS/STAND-WORLDS-HISTORIC-PRIME-MERIDIAN

and later for the worldlt is within these processes that the role of the Transit Circle emerges as
inseparable from the history of the Prime Meridian, and shifts the focus of historical research
back to theinstrument itself. By doing so, the chapter outlines the case for why
#AiryTransitCircle has not been a fAhipo way t
and how the lack of such a hashtag reflects thetomgn ni ng trend of hehe Mus

Line as opposed to the instrument that produced it.

- Lima 77° 9 5
St Holena 5° 4
La Paz 68°

Fig. 43. Collage of photographs showing people standing on both sides of the Greenwich Meridi

The chapter will begin with an overview of the narrative frameworks that were used for telling
the history of the instrument in magazines and newspapers from the 1850s to the 1950s (when
operations with the instrument stopped). It builds on the approach taken by Tom Ritchie who

explored the oftercontradicbry stories within which a rebuilt versiaf the Hartree Differential

* For a discussion on the link between the meridian and international politics see Bogesayich timepp. 116

151; Rebekah Higgitt and Gr ah ankEndeavduldnl,(20@0)Gppe3BRTwshc h, t i m
Fergusbmnodocecti ond, i Wictofian iTimén TeEhmalogiessStandardizatibns,) Catastrophes

(Basingstoke, England: Palgrave Macmillan, 2013); Withéeso degrees
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Analyser exhibited at the Science Museum was fratwertording to Ritchie, this resulted in

the voices of the object gy ventriloquised, as opposed to letting the material speak for itself.

By doing so, Ritchie highlighted¢h di f fi cul ti es that Lorraine Da
in trying to makethingstalk.? The aim of this part of the chapter is to demonstrate the various
topics that were discussed in relation to the Transit Circle while it still contributed to observing
programmes. Such themes included seeing the instrument as an example of technological
advancements in the production of astronomical instruments, the main instrument for the
astronomical observations carried out at the Observatory, and as the instrument that contributed
to maintaining the maritime power of the British Empire by providing nagm®nal data for the
Nautical AlmanacIn addition, it will show that the instrument was seen as an essential part in
the process of producing the Greenwich Meridian. By knowing how the instrument was framed,
later sections will be able to demonstrate éxtent to which approaching the Transit Circle as a
museum object resulted in the production of different narratives. Furthermore, this section will
provide a glimpse into how users of the instrument interpreted its functions, as opposed to having
to rely on accounts written by individuals who never made an observation with it.

The next section will expand upon the last years of the working life of the instrument. It will
demonstrate that despite finding systematic errors in the observations (resoltnthé design

of the instrument) in the 1920s, it continued being used as part of a reduced programme on a
daily basis until 1940. Similarly, even after its retirement, the Transit Circle had to be once again
0revivedd and r est othedkestrucion of the RuikovgObservatayr Thid u e t
analysis will demonstrate that despite the acknowledged shortcomings of the Transit Circle, it

continued to be used by the Observatory, ahdrefore, its transformation from a scientific

®Tom Ritchie, 6Ventriloquised voiceisal tArSicadMisedne Mus e U
Group Journal 10 (2018).
® Lorrain DastonThings that Talk
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instrument into amuseum object did not take place overnight. Building upon the object
biographies approach, this part of the chapter will analyse how the lives of scientific instruments
come to an end, and the extent to which the term end offers a practical way of grthigslife-

stage of the instrument. The works of Samuel Alberti and Lorraine Daston have been widely
cited as key contributorsto objecto c used bi ographies. While Al Dbe
Aafterlifeo of objects wi developing tines Faenawoik ,to Da st
retrospectively capture the lives of objetwlithin history of science, this approach included
scientific analysis of the components of materials too, in order to expand on the tools available

for historians’ Despite these gpoaches, Thomas Soderqvist and Adam Bencard argued that

lives are always assigned and inscribed to objects as opposed to life being an inherent attribute of
any entity. They warn historians that this can easily overstep the useful aspects of the approach
and turn things into humans, thereby overl ook
world like us (endowing things with the ability to speak), we [should] see ourselves more like the

wo r Y By.inBorporating such an approach to object kpbies, the chapter will demonstrate

the |l imitations of ascribing fAlivesd to obje
biographical approach can still guide the researcher of material objects into new directions. To

do this, the chapter will rglon focusing on the changing functions of the object as opposed to on

trying to define the definitive end of the Transit Circle.

’ Alberti, Objects and the MuseyrBamuel Alberti (ed.)The Afterlives of AnimalCharlottesville and London: The

University of Virginia Press, 2011); Dastorhings that Talk

8 Bulstrode Riotous assemblages

°Thomas Soderqvist and Adam Benc arBduns, CistianSkcham gnss Tal k26,
Helmuth Trischler (eds.)fhe Exhibition as Product and Generator of ScholargiMpx Planck Instute for the

History of Science, 2010), 9802 (p. 97). [Accessed https://www.mpiwgberlin.mpg.de/preprint/exhibition
productandgeneratoischolarshipn 11 February 2018]
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The final part of the chapter will analyse the various interpretations that the National Maritime
Museum (now Royal MuseumGreenwich) and its members of staff have given about the
Transit Circle. By exploring these interpretations, we are able to gain a better understanding of
how the history of the instrument was interpreted in relation to its contribution to nautical and
postional astronomy (the historical aim of the Observatory) as well as to its contribution to other
practical applications of astronomy. Such an analysis illuminates the variety of narratives within
which the Transit Circle was embedded as a museum olfjedhigtory of the Greenwich Prime
Meridian, the dissemination of Greenwich Time, the wider history of finding longitude, and
providing large data sets for fundamental star catalogues. As the section will demonstrate, the
different interpretations of the dnsit Circle led to the gradual disassociation of the Prime
Meridian from the instrument within the public imagination, and resulted in fostering multiple
(often contradictory) explanations on how the Prime Meridian was defined.

Connecting these sectiormgether, the concluding remarks will frame the history of the Transit
Circle through the question of what could be considered the end of the life of the instrument.
Relying on the object biographies approach, it will ask whether or not the downfall of the
instrument marked the end of its life. Thereby, it asks the question whether objects can be
considered to have a life, or whether the biographical approach simply offers the guiding
guestions for analysing the history of things and scientific instrumiengsldition, it will engage

with the question of what can be considered the end of the life of a scientific instrument. Did the
halting of operations with the Transit Circle mark the end of its life and perhaps even the end of
its history? Or does its fution as a museum object on display form part of the history of the

scientific instrument? As the section will demonstrate, the multiple times operations were halted
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and the restarted with the Transit Corking | e, a ¢

ordero questions the definitions of M@Aobject |

2. Narrative frameworks of history the Transit Circle

As the previous chapter showed, the Transit Circle was communicated to both the general
public and to speciaudiences through various mediums. This section focuses on the written
descriptions of the instrument that appeared in magazines, newspapers, and other periodicals. By
examining what themes were mentioned within these publications, we are able to trabe how
interpretation of the instrument changed among the astronomical and public audiences from its
first day of operation until the end its life. Such an analysis demonstrates that the end of the
instrument coincided with a gradual disassociation betweernnstrument and its contributions
to astronomical work.

An analysis of British periodicals between 1850 and 1957 (available on Gale and ProQuest
historical periodical databases) showed that there were 69 articles that mentioned the Transit
Circle° Basedon the frequency of its appearance in articles, it can be seen that the-2t 15

years of its life generated the most attention to the instrument. This was due to models of the
instrument appearing at meetings of the British Association for the Adweemteof Science (in

1850 and 1851), the observations commencing with it in 1851, a model of the instrument
exhibited in Paris in 1855, the same model &
Museum, and the publication of two histories of the Obseryatn1862 and 1868. During the

1870s, mentions of it were tied to discussions about the 1874 Transit of Venus expeditions. In

1884 the International Meridian Conference at Washington took place, where a resolution was

10 A list of these articles is given in Appendix I.
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passed about the Transit Circle segvias the basis for defining the International Prime
Meridian. Unsurprisingly, multiple articles detailing this connection appeared in 1885. The turn

of the century saw renewed interest in the in
the Cartedu Ci el astronomi cal project, and to the
articles about the history of the Observatory. However, after the first decade of the twentieth
century, a relative silence about the instrument began.

Through the variousrtacles we see that depending on the-titage of the instrument, different

aspects of it were highlightl Before observations commenced with the instrument, the articles
mostly highlighted the technical details of the instruntéfthe focus on the techual details

continued well into the 1860&or instancearticles about the model of the Transit Circle sent to

Paris highlighed almost exclusively its technical featurédhe first article that deviated from

this norm was Edwi ntheBDbserkaiory arsl itschistaRaMhiie providiogn o f

a detailed technical description of the instrument, he also described the operations carried out
with it. By doing so, Dunkin connected the instrument to the practical applications of positional
astronomysuch as determining time, defining the Greenwich Meridian, and providing essential
astronomical data for navigation. This departure from previous descriptions was highlighted with

the illustration that accompanied the text. It used Plate 1 of the offiesalription of the Transit

Circle as its basis, but placed several figures surrounding and using the instfligoeat44)

This editing of Plate 1 demonstrated Dunkinos

and as part of the daibyperations of the Observatory.

“"For examples see 6British Ass dMorhirmPosidmugiisbl8s50,tplBe Advance
6Scient i fi ReallirgMercury2? duned1854, p. 7.

YZForexamples ee 6Model of t he Glusgated hohdorhNewWsdosember 11855(i 62% | e 6 ,

6Pal ai s d &orfbloChromicle 4 May 1855, p. 4.

¥The description was published in two partADay@ee Edwin
t he Obs éheLeaisure lHoyr® January 1862,226 and O6The Royal Observatory,
Ob s e r v Ehe leeiswyedHpyr23 January 1862, 560.
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Dunkinds descriptions were representative of
articles. Articles by JameSarpenter and George Forbes explored both the technical features of

the instrument and its practical applications within astronomy and everyday life (i.e.
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