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ABSTRACT

Abstract forRhD thessibmitted iDecembe2010at the University of Manchegter
Anna Elisabeth Carld$gsiop titledAn anatomy of storm surge science at Liverpool Tidal
Institute 1919959 Forecasting, pradiceof cal cul ati on and patr

Wherthe effects of wind and air pressure combine with a high tide to give unusually high
water levels this can lead to severe coastallftogdipgened England iearly 1953
wher307people débn the East Cok&iodIn Britaintoday such evemiswcalled storm
surges, are forecast daihg computer models flfwNational Oceanographic Gentre
Liverpoglformerlthe Liverpool Tidal Institute (TI)OkO, when Tl was establishel
eventsvereconsideraghpredictabl&ld esearcherdyseph Proudn(28881975)

Arthur Doodsdi8901968) Robert Henry Cork@®061952)and Jack Rosg(ieé19
1972)did much mathematical woaktémnpto change thik 1959Rossiter publiskeed
set of statistical formttderecasstorm surges the East Coastl aationalvarning
systerwas prediciy such eventsng these formuksethis pointl believedhey had
madesurgeat leasispredictablashey couldiththeir existingiethodsThis thesis
provides a narrative of hovpéheeivedse irthepredictabilitgf surgdsappened,
analysing howwadrkedo achievebetween 1919 and 1958Ilywngtwo interwoven
contingent and contetlteehdspracties of calculation patronage.

A key aspect of this thesisai¢enéon | pay neaterial practicgfscalculation: the

methods, technologies and management grateesT e sear cher s used i
workon storm surge forecaslih $ the first stubly historians of oceanography or
meteorologyatpays thidetailedevel of attentiongach practiceshe construction of

forecasting formulas.well as using published acd@nalyse statistieseardch the
makingthrough notesalccd t i ons, graphs and t ahey es proc
used particular practices of calculabostroastormsurges as calculabl@eatictable

scierific objects of a specific Kmdt thegefinedgtam surgesstheresiduals derived

from subtractiniglal predictions frahservationsheythendecidetb usanultiple

regression, correlatingy residualsith pressure gradietasnake surges predictde
considering| 6 s pfcakcuatiatne thesis adds to the literaturathrematical
researchsembodied anthterialshowingow particular practices were used to make a
specifiphenomempredictable

| combine this attentiomthematical practiceh analysis of wiyd s r edslthiar c h e r
work UShistorians have emphasised naval paftpumgsieal oceanography in this period

but there is very little secondary literature for the Brifibb tasss provides a British

case study of patreragphysical oceanograpmyhasisitiee influenaen T 1 Bos wor k
only of naval patronage but also of local government, civil state and industrial patronage.
Before Tlds establishment Proudman ar gue
theLaplacian theory of tides. However, when the new Institute received patronage from the
locakhipping industry this changedeanaitk on forecasting surges was initially done as

part of a project to improve the accuracy of tidal predictionsfietiiemgaiionage

from the local shipping industry. After a flooding event in 1928 the reasorenfibr the work

the patronage again shBettheethenand 1959 Tid this work on commission from

various patrons, including local government, cwvitistaliéary actovehich connected

thar patronage national debates about state involvement in floodlalefeterstand

why Tl ds researchers worked on forecasti.|
motivationd argue that such ptax patronagatternsould bé&uitfullyexplored by

other historiats further existing debates on the patronage of oceanography
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CHAPTER1,INTRODUCTION

If the effects of wind and air pressure combine with a high tide to give unusually high
water levels this can lead to severe coastal flobaiimtpappeneduring a flooohg

event in early 1953 wherore tharB00 people died on the East Coag&ingland

Today t hese 0st predictablaws of sen vatthataee fosceastn a s
daily and linked to a nationwide warning sySteenforecas@re run by the Met

Office for the Environment Agency amse complegomputer models produced at the
National Oceanographic Cendreiverpoo) the successor of théverpool Tidal

Institute (T). In early Novembe2007, when the models predictsdalevedf a

similar height to thatf 1953on the East Coast of Englatiteg o ver s ment &
emergency committee COBR®t In the end only a little flooding took place, as the
wind and thus the heigbf the surgevas lower than the worst predictidng the

event exemplifies the high levels of government concerpaatzbinvestment jn

storm surge forecastitaplay.

Il n 1919, when TI was establ iastheyderethermet e o |
knownwerenot forecast on a regular basis. Inaeady, such as the |&eorge

Howard Darwindeemeduch effectto be unpredictable. These potentially

catastrophic flows of sudden and unpredictable sea water were recurref-tyet out

ordinary and irregulareveriid. 6 s r esear cher s 1%@edsetofut t o ¢
statisical forecasting formulae f&iorm surgewaspublished by one of theamd a

warning system, using these formulae amongst other things, was foredastmegtsu

on the East Coast 8fitain.At this pointTI believed they could predict surges, or at

least as well as possible with current technology and methods. This thesis looks at how
this rise in perceived predictability happesmdething which hastpreviously been

studied by historianslow were surges made (more) predictable ligtween 1919

and 1959

One key aspect of hoWd s r e smade swdasmnemedictablevasby
introducing new practices of calculatipnwhich | meathattheyintroducechew
methodstechnologieandmanagement practices to perform calculafibese
practice®f calculatioproduced particulahains of documentse. sheets of papers
with inscriptions on them linked to other sdobument$ an example of @nlink in

such a chain could bee reinscription otidal gauggraphs into a tabl&.l 0 s
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researchei@tempted to make disorderly sea water into predictable storm surges by
first defining surges as the residubée difference between observed andgiegtisea
leveld andthenconstrudng formulaeto forecast such residuals. To produce the
forecasting formulae they ugadgiticular mathematical, often statistical, practices. Their
particular practices of calculation constituted surges as calcujaverdunally,
predictabl@henomenan a contested and contingent process of constraleting of
documents

Theconstructiorof surge forecasting formulagy T 1 6 s waectosely relatbde r s
to the resource gathering and institution buildingab&ypart in as well as the

patronage givelo thembythosewho wanted predictiom$ surgegand more generally
increased control over natugbates over patronage were a key source of
contingency n sworkoOn storm surgeshich at times impacted their practices.
Another obvious contingency was the influence of major surge events in promoting
work in the area, particularly in 1928 and 1953. Tl also madereigaiciagvhich
practice of calculation to use and how to organisédlceamentandformulae they
worked with. These choices wayatingent on a range of issues such as the training of
their workers, earlier work and practice, computational limgpegificdemands

from patrons.

This thesis analyses the work Tl did on understamdirfgracasting meteorologi

effects between 1919 and 196Bially this work was done not to forecast flooding but

to attempt to provide Ocornsfrthéebeneftcfd t o t |
the Liverpookhipping industry, i¢h was th@atron of the workroviding funding

and other support. The pri mar ighdh@amcer n o0
expected water levels but viitwvethan expected water levels, which could lead to

ships stranding. The work on meteorologicalteffexs part cd programme of

increasing thaccuracy of tidal predictions using new practices of calculation, which

was | inked not only to the researchersd
ships and thenpact of thd-irst World War. As plof this work storm surges were

defined as residualbe difference between observed and predicted seanigvel,

statistical methods were used to try to make them predictable in Lovsopool

The narrativéracesthe work don®n storm surgeat Tl from its establishment to the
late 1950and how this was affected by various events and devifiensfourteen

people died in a flood event in London in 1828tarly programme of work changed
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shifingtowards forecasting flooding. The patron of thkw&lso shifted, towards local
government, and in particular local authomtiesndon. During theSecond World

War a request from the Hydrographic Departroetite AdmiraltyfHydro)for a

storm surge forecasting formula letceteewed emphasis onistatt i ¢ a | practi c
surge workAfter the warthe work for the local authorities continaed, in an odd

twist, thereportthat resulted from this work wasnted in a very limited edition by the

US Navy in the late 18}

The 1953 flood eventwvash ot her turning point for TI1Ods
event central government becamdaigespatron of storm surge scieraeel with

this new patronage Tl constructed statistical forecasting formulae that were taken up by
the newly established wiag systenin 1957 Tl declared they had produced as good

as possiblorecastingormulae of thatatisticalorm they had been honing for many

years, anéifter a couple of years testithgse in charge of the warning system at

Hydro agreed. However, Tl haldeadyegun doubting the validity of thewn

practiceand the formulae they produ@edouple/ears earlieAt the same time

disputewitht he Met Of f i methoddoe aplautatthg thegeffeTt bfdhe

wind had broken out. After these two simultaneous events Tl began arguing that if
more@ccurat@ f o r muwhnted forihe waening systesmiftsin their practices of
calculation weneeeded, away from their previstadisticainethods They began one

such shift in 1959, when digital computers were introduced into their storm surge work

for the first time, which marks the end of the thesis.

This thesis does two things. Firstly, it looks at the work done at TI, @irgeon

how it performedts mathematicahlculationsThe researchers at the Institute were

trained as mathematicians and one of them, ArttumasDoodson(18961968) had

worked with Karl Pearson, the statistician, and withiesraft ballisticsomputations

during tke First World War. The otheloseph Proudman (18B875), had studied

mathematics at Liverpool and Cambridgeersites T1 6s di sci plinary
initially primarily to mathematexsd mathematical physi¢he thesisoncentrates on

one recurrent aspect of TIds wor k:It mat hel
also discusses some of their work on periodicltidearticular, the thesis focuses on

the practicesfaalculation used in the storm swwgek, which were frequently

statistical and computatiotuch of T 6 s wor k was set within

mathematicalnalysis fostered at Cambridge in particular a tradition of tidal analysis

18



with links toPierreSi mon L ap | ac e Galitiowwasiévelopedogetiied t hi s
with new ways of organising and performing precision calcylatmughtfrom
Doodsonds wa istormn suggevorkadepkndedTtiheaise of computational

aids, such as tables, calculating machines and tidalrngreaidtparticular
managememhethodgo producechains oflocuments linked to othdocuments T 1 0 s
work topredicttides angtorm surges provides a case study of the use of particular
practices of calculation on a particular phenomermmodue partialarchains of

documentsAs suchthis studyadds to the small but growing literature on the practices
involved in mathematicabrk, emphasising thhysicamateriality of suctesearch

for example the use of technologies of calculatiohn par ti cul ar | ana
that of constructindocumentsn linked clainsemphasiagthe importancefo

contingent choices during ttenstruction process

Secondly, the thesis provides a case study of an iastitaieesearch topattoday

wouldbe consideredceanographiconcentrating on the patronage structure of the

two. Most work on the history of physical oceanography has emphasised the

importance of naval patronage and rarely focused on direct industrial or civil state
patronag. While Tl was dependent for its income on sales of tidal predictiens to

Navy, in the shape d¢lydro,it was equally dependent on industrial patronage from the

local shipping industry for further financial supg@ad a building. The third elemeht

Tl 6ds patronage structure was Liverpool Ui
Like athreeleggedstool, Tl relied on all three Idgs patronagé if one leg had

broken, the whole structure is likelyave fallen down. For example, while miost o

Tl 6ds funding was provndeéedebygHydrdirgn §BR2pPpPpBE N
commissioned TI to do tidal predictions because of its connections with the university

and because Tl was neither a state isegeom nor a private busineBsethree

elementsf T | @asonagestructurenvere interconnected and interdependatn the

standpoint of most history of physical oceanogthphyatronage of storm surge

scienceas equally unusuéfst shipping industry, then local government and only after

1953 civil state patronage, with some, but only, sawed involvement throughout.

The thesis thus provides a case study of research into physical oceanography for which
naval patronage was only one part of the story, arguing for increased att@mtion to n

naval patronage the history ofhis field.
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Throughout the thesis | emphasise the contested and contingent nature of patronage TI
received from different actors. TI did niq
received patronage from one paldicpart of one department of the Admiralty, the

tidal branch of Hydro, and later one particular department of civil central government,

the Ministry of Agriculture and Food. In addition, the patronage they received was
frequently contested. Securingpatiog e i nvol ved TI &6s resear cl
complex negotiations and intense arguments about a wide range of issues, such as the
accuracy of tidal predictions, the typecefanographgcience state actors should

support and, of course, much insittodl politics. Such politics was not only an issue

within individual institutions and departments but also between local and central
government, between Liverpool University and the local shipping industry, and between
different groups of scientists. Whil T 1 0 s predmtingtides arsirges was aimed

at increasing the predictability of nature, different actors disagreed not only on whether

this aim was necessary but also on how to achieve it.

The two themes of patronage, especially the gradusmdéncfastate patronage, and

Tl 6s use of st at i damakeasurgespcalcalabtegatoeyof of cal
how a particul ar bypstientisttomieinpatromssisgstaidtics.me d 6

It also provides yet another example of theugd rise of techiamgical and scientific
governance of nature during the twentieth century, but focuses on the details of how

this rise happened rather than on the governance that eventually came out of the work.
This is partly because the formulaetha esul t ed from TI 6s wor Kk
as potentially predictable were not put into use until after the flooding in 1953. Before
thenTI primarily used theforecastingormulae to promisecreased predictability, or
governance, of wat@romses that only some actors were interested in. While the
thesidiscussethe contestethcreasén the number of actonsterested iigovering

the sea, the primary focusta$ howstorm surges were made calculable and

predictable, or governable. This was done through the use of particular practices of
calculation funded by particular actors for particular redsmstadywhy anchow

surges were made calculable is a necessalatifmuto understand tlcreasén

1 Compardan HackingThe Taming of Ch@@eabridge: Cambridge University Press, 1990), 22.

2W Harry G Armytagdhe Rise of the Tech(loonaksn: Routledge and Kegan Paul, 1965); David
EdgertonWarfare State: Britain, 21920(Cambridge: Cambridge University Press, Za0&).recent
examplef historical work describing the rise of governance of natutgrke&/hiteheadtate, Science,
and the Skies: Governmentalities of the BritisfChiotesgikerdahNiley & Sons, 2009).
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governance of the seaitWdut understanding how TI tried to make surges predictable
before 1953 we cannot understand lpawticulaistateactorsattempted t@overn it

usi ng TI1 8 ghe wasningaydtean aft@bBdHowever for a full picture of

this increase in governariois study should be complemented by wider studies of how
different parts of society have attempted to govern the sea, e.g. by building coastal
defences.

This introduction will now situate ttheesis within the contexts of the literature on the
history of oceanographyeteorologgnd on practices of calculation. First, however, it
will introduce storm surges in a little more dethién review the literatuagter which

| provide an overwe of the thesis.

1.1PRESENTDAY CONTEXT: WHAT ARE 3 TORM SURGESAND WHY DO

THEY MATTER TODAY?

What wee the events that the workers at Tl tried to forecast? Today they are called
6storm surgesao. I n 1919 theyamoger e call ed
descriptive term. Scientists today define storm surges as relatively rapid changes in sea
level due to wind and atmospheric pressure that affect the regular periodic tidal pattern.
This thesis focuses on storm surges as they affect England,-trepecdtatorm

surges$.

According to recent descriptions by scientists, Suggsm when 0t he at mos
forces the water body, which responds by generating oscillations of teeelatih

various frequencies and amplitdd&ich an oscillation is then transported by the

wind until it comes into contact with a ceastt her near by (1l eading
far away ( anAconmepbexcembmation®f causesdip@nd period and

level of storm surges, such as the direction, speed and duration of the wind, the change

3 Two introductory texts to tides, prediction and surgdslameD. BoonSecrets of the Tide : Tide and Tidal
Current Analysis and Applications, Storm Surges and Sg2hiehvettErertiswood Publishing, 2004);
Pugh,Changing Sea Levels

4 More extreme storm suggare formed in tropical waters. These can be extremely deadly and/or
destructive, for example during the 1991 Bangladesh cyclone, the 1970 Bhola cyclone or the 2005
hurricane Katrina.

5 Gabriele Gonnegt al.Global Storm SyrggS&Serman Coastal Engineering Research Council, Archive
for Research and Technology on the North Sea and Baltic Coast (Holstein: Westholsteinische
Verlagsanstatl Boyens & Co., 2001), 7.
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in atmospheric pressure, the layout of the coastline and seabed, the track and intensity

of the storm, and the rotation of the e&ifhe southern Nrth Sea, including
Englandds East Coast, i s <=eclosdftnhelshape o st «
which intensifies the height oétburge. Like the ordinary tidarges travel

sout hwards along Engl andod sabauttletsameoast . A
speed, due to both being similar kinds of travelling waves, a surge that coincides with

high tide will affect most of this coast, as it did in 1953. Storm surge flooding has been
recorded throughout European history, often with severejoenses in terms of loss

of land or lives.

One reason to study the history of storm surge science is the context of climate change.
According to the most recent research storm surges themselves are not predicted to
become statistically significantly niic@guent or severe due to climate change, but the
Intergovernmental Pahon Climate Change expeeta level to ridéhis increase in

sea level means that the impacts of storm surge events are likely to become more
pronounced, leading to increasedaislooding and erosion. Any climate related sea

level changes wilbme on top of the gradual geological changes that have affected

Britain since the last glaciation, witime areas, notalllpndon and the South,

sinking, while others ristuchsea lew | changes, and the North
meteorological effects, mean the British have a long history of dealing with coastal
flooding and erosin. Their responses to surges Wwavied across time and

circumstances. For example, the number wh Sorges in the Thames Estuary

increased in the Middle Ages, causing loss of land. Considerable resources were initially
spent to combat this, but as labour costs increased after the Black Death some retreat

from the threatened land took place inst&dile today there is much policy interest

6 The rotation of the earth matters as the highest storm surges do not necessarily result from winds
perpendicular to the coast, as the coriolis effect leads to what is known as Ekman transport when wind
drifted water is deflected up to 45° away from itte direction (to the right in the Northern

hemisphere)bid., 24; Keith Smith and Roy WaFdpods: Physical Processes and Hur(@mdhgsaets

John Wiley & Sons, 1998), 151; PGbanging Sea Lel@dd41.

7 Smith and Wardkloods: Physical Processes and Human Impacts

8] PCC, O0CIlimate Change 2007: Synthesis Report, St
http://www.ipcc ch/pdf/assessmenieport/ard/syr/ard_syr_spm.péiccessed 30th November 2009.

Jason Lowetal, UK Climate Projections Science Report: Marine and Cd&statiePrijettidfice

Hadley Centre, 2009).

9 James A Galloway and Jonathan S Potts, "Marine Flooding in the Thames Estuary and Tidal River
C.12561450: Impactrad ResponseArea39, no. 3 (2007).
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in coastal flooding,and much scientific work on sea level change and stornt'surges,

there is as yéttle historical work on how the British have previously dealt with coastal
flooding, or with other types of extne weathéf.This thesis looks closely at how a

particular understanding of meteorological effects, as storm surges that could be
forecast using statistics, developed, which was one key way in which British society dealt
with storm surges in the perit2il319591t thus aims to contribute towards providing

a historical analysis of adaptation to extreme weather and climatgahanderly

the use of science in twentieth century adaptations

| will now discuss literature relevant to the themi®ing in turn literatures related to
patronage of oceanography, forecasting of extreme meteorologicalifeesses in
the type of mathematics used by different oceanographers and, finally, practices of

mathematics, including a discussion of accuracy.

1.2.1PATRONAGE OF OCEANOGRAPHIC SQENCE

How and why TI attempted to make surges predictable was closely linked to who their
patrons were. Patronageamajor topic of interest in history of sciencelassa

through whicho analyse a range of isst&RemaldDoel discusses a range of questions
that studies of patronage can be concerned with: What was the consequence of
patronage for research? What was its influence on institutions? What research did it
NOT allow? How did it link to politics? How dichftuence the community and

culture? In short, patronage is not just about mphayalso about values, research

and identityAsMarioBiagioli puts it, analysing patronage "is the key to understanding
processes of identity and status formation thtttekeys to understandingtithe

scientists' cognitive attitudestareer strateg@&$ The funding of science is involved

WFor example the Pitt Review after the summer 20
OAdapting to Coastal Change: Devel oping a Policy
11 Specific programme$work include Coastal Flooding by Extreme Events (CoFEE), Oceans 2025
(especially the Sea Level and Vertical Land Movement work package 1.9) as well as continuing work on

the storm tide warning system.

12 See alsRoderick J. McIntosh, Joseph A. Tainter, and Susan Keech Mclntogtie, Elistory and

Human Action," inThe Way the Wind Blows : Climate, History and HuedrRackeitk J. Mcintosh,

Joseph A. Tainter, and Susan Keech Mclintosh (New York: Columbia University Press, 2000).

13Ronald E. Doel\Constituting the Postwar Earth Sciences: The Military's Influence on the

Environmental Sciences in the USA after 1$4fsjal Studies of S8&me 5 (2003).

14 Emphasis in origindlario BiagioliGalileo, Courtier: The Practice of Science in the Culture of Absolutism
(London: The University of Chicago Press, 1993), 14.
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in the careersdentities andiork of scientists, and this was certainly the case with
storm surge science at TI.

This sectiomtroduces literature on the history of oceanography, and to a lesser extent
allied sciences, concentrating on patronage issues in the period from the First World
War to the late 198 It argues that US historians of physical oceanography have
concentrat@ heavily on military patronageedghasising industrial patronage which

was very important at Tl. It also argues that what littlehasrzeen done in regards to
twentieth century history of UK oceanography has focused more on its deficiencies
than its actual worBy oceanography | mean reseaatterned with the sea.

1.2.2MILITARY PATRONAGE OFUSEARTH SCIENCE

Analysts of the patronage pattern of earth ssi@mtiee US have argued that military
patronage has been very important for physical earth sciences, such as physical
oceanography and meteorology, especially in thegrgstriod> Chandra Mukerji

has identified oceanography as an extreme case wittretites with an unusually

high dependency on government funding. She argues that in the post war period
oceangraphers were given funding so that they wowdédserve labour force to

support policy oin case of need, e.g. dunvay'® Naval patronagof physical
oceanography has often been linkededwo world warand the Cold War, though
different authors identify different trigger points. For example, Gary Weir has studied
the relations between the US Navy and oceanographers from the Firgvaveool

the Second World War and beyond. He argues that in the US the First World War led
to military interest in physical oceanography, especially for detection of submarines.
After the First World War lack of funding for both the Navy and academic
oceangraphy led to a partnership between the Navy, especially the US Hydrographic

Office, and academic oceanographers, with the Navy offering practical support such as

15 Doel, "Constituting the Postwar Earth Sciehdéesstine C. HarpelVeather by the Numbers : The
Genesis of Modern Metébooldgy: The MIT Press, 2008).
16 Chandra MukerjA Fragile Power: Scientists and Rerietien: Princeton University Press, 1989).
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space on ships and also some monetary support. He argues that this relationship
continued agh grew in strength during the Second World War and béyond.

Others have argued that the Second World War was an important trigger in the rise of
naval patronage of science. Ronald Rafogexampleghas argued that the patronage
pattern othe Scrippdnstitute of Oceanography shifted from a mixed pattern of
patronage anoceanographiesearch in the interwar period, towards a strong focus on
military patronage and physical oceanography after the Second Wédddiar.

Darwin Hamblin in turn ident#s a different trigger point. In his view naval patronage

of oceanographic research balya limited start duringthewath e n an oOawaken
of the mutual benefits of @peration between Navy and oceanograpbekplace?

Instead he argues thla¢ Navywas nothoroughly supportive until the first half of the
1995 when theyn the suggestion of scistgthrough the Hartwell report began

develop atomic submarine warfare and def€éhsewas dont® ensurée he Navy d s
role within the larg&JS military and administration, wheharguegs/as preair force

at this time. Thigccording to Hamblimed to a much higher level of naval patronage

of oceanography during the A8 Despite the identification of different trigger

points, these Usistorians of oceanography agree that naval patronage was very

important for oceanography, espequiysicalin the period covered by this thesis.

1.2.3BRITISH OCEANOGRAPHYAND STATE PATRONAGE OF SCIENCE

Little historical work has been done on UKntwe¢h century oceanography and what
has been done has emphasised its supposed deficiencies anccatiomuuroblems
with theNavy: | will questiorboth these assumptioimghis thesis. For example,

Hamblin mentions Edward Crisp Bullard as a Britighstady of somebody doing

17 Gary E. WeirAn Ocean in Common: American Naval Officers, Scientists, and the (@abg&nvironment
Station, Texas: Texas A&M University Press, 2001).

18 Ronald Rainger, "Constructing a Landscape for Postwar Science: RgethRescripps Institution
and the University of California, San Dielglinerv&9, no. 3 (2001); Ronald Rainger, "Adaptation and
the Importance of Local Culture: Creating a Research School at the Scripps Institution of
OceanographyJournal of thestdry of Biol8§yno. 3 (20033ee alsiNaomi Oreskes and Ronald
Rainger, "Science and Security before the Atomic Bomb: The Loyalty Case of Harald U. Sverdrup,"
Studies In History and Philosophy of Science Part B: StudiBbiloddistyrpfkddern Bhysics3

(2000).

19 Jacob Darwin Hambli@ceanographers and the Cold War : Disciples of (UanitenS tlaies sitgf
Washington Press, 2005),0

20]bid., ch 2.
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oceanography in interwar Britain, but tal
claimed that British oceanographers were wdrggnfthe Scandinavians in terms of

support for their deepea work, with Hamblin seemynglar gui ng t hat not
oceanography was done in the interwar period in Britain due to lack of staté& support.

Tl provides a case study of an oceanographic institution in Britain that found enough
patronage to establish itself in this period. liti@adheso-calledDiscovery

Committee was doing considerable amoumtseainographiesearch in the Southern

Oceans in the interwar period. Its work, whichruvalgy the Colonial Office, focused

on research related to the economic resources of the Antarctic, especiafly whales.

Bull arddés comment was made in the ddontex:!
not oceanographigresearch should be emphasisedRoyal Society report on the
Oneedsd of geophysi c®Budfltagrd 6tsh ec | S1d aro ma y W«
seen as that of a public scientist arguing for further financial support from the state for
hisgeophysicalciencé’

Mar gar et Renawedietrbcentury oaeanography provides another example

of how historians have argued that oceanography was weak in the UK in the interwar
period and also that communications problems betweldawpand civilian scientists

limited the worRecenft s he stated that ®hallengernat i on

Expedition seemed largely to have lost interest in oceanic research, especially physical

21bid., 811.Bullard makes the relevant statement in Bullard to Daswiay 1946, BLRD F.85,

Churchill Archives Centre, Churchill College, Cambridge

22 Margaret Deacon, "Marine Science in the UK before World WaiQf,Sieas and ShipSaiahtists:

The Remarkable Story of the UK's National Institute of Ocedf@greghhirithdfy Laughtoet al.

(Cambridge: The Lutterworth Press, 201@®)i s contradi cts Clarkeds statei
had not provided significaoinds to fisheries research before the 194(Babewe ClarkeA"

Technocratic Imperial State? The Colonial Office and Scientific Researd9a®40ventieth Century

British Histofy8, no. 4 (2007): 474.

20Li st of projectsdé and v aWdrmeadsin Geaophysics Commitieet e s an.
from 1944, BLRD F.86, and Bullard to Darwihyiar 1946, BLRD F.85, Churchill Archives Centre,

Churchill College, Cambridge

24CMB 101, AE/ 1/ 2/ 3 & AE/ 1/ 9/ 4, Royal Society, sh
Society Committees on Geodesy and Geophfsicmore on public scientistsEdgertonWarfare

StateAndrew Hull, "Passwords to PowarPublic Rationale for Expert Influence on Central

Government PolieiMaking: British Scientists and Economists, ¢.-190®25" (PhD, University of

Glasgow, 1994); Andrew Hull, "War of Words: The Public ScieneeBaitigh Scientific Community

and the Origins of the Department of Scientific and Industrial Researd918The British Journal for

the History of Sciétaoao. 4 (1999).

Z“However, De akowthethistorywoh dceanography has concentrated on developments

before the twentieth century, Bésrgaret DeacoBcientists and the Sed 9830A Study of Marine

Scien@eondon: Academic Press, 1971).
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oceanography, in the first part of tiventiethcentury 2% blaming this on lack of
moneyDespitestating his lack of interest in and supportdoeanographscience,

shethen goes on to list work in biological oceanography and naval poerdiag

examples of work actually done. She briefly mefitbnsas a oOnot abl e e x«
what she says is théetwise poor record &K oceanography in the first half of the

twentieth century/.Earlier work of hers provides further examples of oceanographic

work done in cmperation between tiNavyand oceanography in the UK. She

describes how Hydro survey shyese used by oceanographers for field work before

the First World War, and how during the war thigpepation increased. At the end of

the war plans were made to permanently incorporate oceanographic work into the
Admiralty. This awasonsadi d nttoerbees t®i nd uteh & on
importance of submarines. While these plans came to little, Deacon discusses how other
oceanographic research, e.g. on tidal streams, was carried out by the Navy in the early
19Ds®WillemHa c k mann 6 s ooy oflsonar provides éurtheriexarsjple

suchnaval oceanographiork?® Despite detailing quite substantial amounts of
oceanographic work being done, both Hackmann and Deacon argue that such work

was limited, in part by problems of communication with tradiengpersonnel

struggling to accept civilian advice.

DavidEdgerton has argued against such views in his analysisrefations between

military, state and sciencéwentieth centurBritain. He fauses on militamelated
statesupportedesearcin Britain from 1920 to 1970, arguing that the British state

spen large sums of money on militeelated research and development in this period.

He hasadopted the conceptwar f ar e st at e 0 Forthe ideowarmar i s e
period he argues that Britainds military
Navy was at | east as strong,,inclddingiring st r ol
area oR&D > While much literature on military patronage of science focuses on the

Cold War priod, Edgerton argues that there were close links betweendhe milit

statejndustryandscience in Britain well before the Second World War, and that much

26 Jtalics as in originddeacon, "Of Seas and Shapsl Scientists," 19.

271bid., 22.

28 Margaret B. Deacon, "G. Herbert Fowler (18B10): The Forgotten Oceanographotes and
Records of the Royal Society of Loi@&6RR3®. 2 (1984): 273.

29Willem Hackmanrgeek & Strike : Sonar, Satimarine Warfare and the Royal 9184 (1984), 11
43.

30|bid; Deacon, "G. Herbert Fowler."

31 EdgertonWarfare Stagt33.
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new technology and innovations came from state/military/industrial research
establishments in the interwar petiod.

What | take from Edgertonas emphasis on tiagtheactuakxtent of military and

other state patronage®fr i t i s h s c i enhi periodAsinistdrianawe T 1 6 s,
Sshould go beyond scientistsd statements |
sufficient support and that British sciehes suffered. Like Weir has argued for the

US and Deacon and Hackmann show for Britagre were at least some connections
between the academic and naval oceanographic communities from the time of the First
World WarHowever, unlike Edgerton, myfocus not on the stateds
military and science, but on a particular and rather peculiar institute which had links not
only to specific departments of the military and civil state, including local government

but also to industrial and acadesctors Edgerton argues that oceanography was a

state science, but the work Tl did was more thafi this.

1.2.4ANON-NAVAL PATRONAGE

The concentration on naval patronage in much of the history of oceanography is useful
and wil be followed up in thihesishowevelT | 6 s patr onage was of't
instead industrial. Close links between industry and science hdesdrésd in

many other branches of science and this source of pafmragsanograpishould

no less be ignored than mijt@aatronag&. While there are some exceptions to the

heavy emphasis on naval patronage, particularly of biological oceanography, historians
of physical oceanography hamgél recently rarely concentrated on Hitdrages with

industry in the disciplinand instead concentrated on state patréhage.

32]bid., 122.

331bid., 112.

34 See for exampleff Hughes, "Plasticine and Valves: Industry, Instrumentation and the Emergence of
Nuclear Physics," ithe Invisible IndustriatisBaudillere and Lowy (1998); Robert Fox and Anna
Guagnini, "Introduction," ikducation, Technology and Industrial Performance 1989 epe Rkt
Fox and Anna Guagnini (Cambridge: Cambridge University Press;&308jl, Grandin, Nina
Wormmbs, and Sven Widmalm, etlse Sciethedustry Nexus : History, Policy, Imphiaigins
Symposium 123rd (2002) (Stockholm: Science History Publications/USA 264 deaurdilliére,
"The Invisible Industrialist : The Technological DynamicstefC2htury Biological Research,Tlre
Scientredustry Nexus : History, Policy, Implications; Nobel Symposiued1Xzmd G1ad2)n, Nina
Wormbs, and Sven Widmalm (Stockholm: Science History Publications/USA, 2004).

35 For examples focused on biological oceanographiglesadRozwadowsKiheSea Knows No
Boundaries : A Century of Marine Science (lrafetd@HBternational Council for the Exploration of
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However, lately more attention has been paid to industrial and othaxalon

patronage of physical oceanography in various guises. For example, David Van Keuren
has discussed the use of deep sea drimgptegy developed byeoll industry in
oceanographic and geological resé&dRunaldDoel et ablso discuss indtrial

patronage when writing abewdrk creatinghe HeezefTharp physiographic map of

the ocean floor in the 1@ One of the researclsanvolved in this map

simultaneously did contract work for Bell Labs, which provided him with extra data and
funding for the mapping work, while he helped them find-anémtenance route for

their new tranétlantic phone cable. Dol abmphasise théhe links taheindustrial

Bell Labs, as well as to the military, were very important for thce&aggraphic

research project. This shows that industrial patronage could be important even in
Americarphysicabceanography in the D85oftenidentified as a point when military
patronage dominated oceanogrdphyic Mills has recently argued that concerns
regarding fisheries, agriculture and other industriamMstbulsks to weather and the

seahad a key role in stimulating research imensciences generally in Scandinavia in
thelatenineteentttentury. Hénas also downplayed the role of the Second World War

as a trigger in the development of modesnoceanograpffyiamblin hasecently

writtenin more depth on the links between oogeaphers, radioactive waste and

atomic energy establishments of the US, Britain and France in th@4akéelidbns

the traditional patronage question of t hi
its head, arguing gsthraat ¢ piecesciimrhlituesncéd pt
and statu¥.In addition, while his bodRceanographers and the Cmiddafairates on

military patronage of oceanography in thestf#balso mentions many other sources

the Sea in association with University of Washington Press, 2002); Vera Schwach, "An Eye into the Sea:
The Early Development of Fisheri&coustics in Norway, 198960," inThe Machine in Neptune's Garden:
Historical Perspectives on Technology and the Mariad.EwieorRuantadowski and David K. van

Keuren (Sagamore Beach, MA: Science History Publication§e&®aSusan Séke A History of
Oceanography: The Edge of an Unfan{lianddorléRobert Hale & Company, 1973).

36 David K. van Keuren, "Breaking New Ground: The Origins of Scientific Ocean Drilllitngs" in

Machine in Neptune's Garden: Historical Perspectives on Technology and thezlMéglea Environment
Rozwadowski and David K. van Keuren (Sagamore Beach, MA: Science History Publications, 2004).
37Ronald E. Doel, Tanya J. Levin, and Mason K. Marker, "Extending Modern Cartography to the Ocean
Depths: Military Patronage, Cold War Rigs; and the Heezditharp Mapping Project, 195259,"

Journal of Historical Geogeaptay 3 (2006).

38 Mills, The Fluid Envelope of Our, ElaBek 9, esp p. 260.

39 Jacob Darwin Hamblin, "Hallowed Lords of the Sea: Scientific Authority and Radioactive Waste in the
United States, Britain, and Fran@ssiti21, no. 1 (2006).
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of patronage, arguing that sciengitged a strong role in defining their own part in
the Cold Waf®

Despite these recent examples of attention tonildary patronage, many historians
of physical oceanography seem to almost assume a dominance ofatnditagyepn

the disciplineDoel et abre quick to point out that Bell Labs were also secretly laying
cables for military use, arguing there were close links to military needs even in the
industrial patronagElowever, the examples abdeenonstrate théhe patronage
patterns obceangraphicscience have often been complicated, involving a range of
patrons and interesisth influences going in both directions between scientists and
patrons$* Atsushi Akera has arguestbiians should attend to whatcalls

fundamental pluralism irrtes of institutions, interests, opportunities and priorities, in
his case research into computers during the Col¢f While attention to military
patronage is important because of its spi
attention to it should not necessarily becsdsuming, as all patronagegudsical
implications which should be attended to.

From the abve it is clear thatiltary patronagkas been crucial for the work of
Americaroceanographers both before and, especially, after the Second World War.
Howeverthere is not enougdecondary literatute establiskvhether this pattern

appliedo the UKtoo. In additionthe enphasis by historians on naval patronage may
neithertake full account of other sources of patronage f t he sci enti st s
forming their own roles and relationships with patrdhis thesis will look closaty

the connectins béweenthe Admiraltya n d T 1 0 st musbarsktaké actount of

T | d@ther sourcesf patronageBy doing so this thesis provides an example of a

different kind of patronage structure compared to that outlined by most historians of
oceanographyy which industrial, local government and civil state patronage was also
important.n addition it traces the connections between different parts of the state and

TIl, analysingow discussions and disputes between differenactiates e | at ed t o T

patonage and its researBly attending both to such disputes and to the institution

40 Hamblin,Oceanographers and the Coltheiasion.

41 See alsAngela NH Creager, "The Industrialization of Radioisotopes by the U.S. Atomic Energy
Commission," iThe Scietigdustry Nexus : History, Policy, Implications; Nobel Symposiued123rd (2002)

Karl Grandin, Nina Worngy and Sven Widmalm (Stockholm: Science History Publications/USA, 2004).

42 Atsushi AkereCalculating a Natural World : Scientists, Engineers and Computers During the Rise of U.S. Cc
War Reaeci{London: The MIT Press, 2007).
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building strategies used by Tl &s researcl

contingency involved in TIlIO0s patronage.

1.3PRACTICES ESPECIALLYOF FORECASTING

Duringthe twentieth century forecasting of extreme events, for example of storm

suges, by experts has increaRedenthGaryAlan Fine wrote, in relation to weather

forecasting, that oO[s]ociety depends on

preparefo what ever s h &tThe sse imftegasting oh exteeme eveatd .
underlying this quote a topic which has primarily been analysed w#tirstory of
meteorology but rarely with attention to the reseafiph&ctices in developing

forecashg methodsBefore discussing that literature | will here define my usage of the

term Opracticed.

As Joseph Rouse makes cl ear Opracticebod
theoretical attachments in social science and ffiftome paying athtion to

practices is to pay attention to bodily skills and discipline. In addition, and following
Rouse, | see language as part and parcel of the practices, skills and disciplines | am
interested in. In particular, | am interested in how Tl developeddting formulae in

a practical mannérfor example, how they used pen, paper, tidal gauge records and

calculating machines to construct such formulae. Attention to such practices of

i [

calcul ation provides a deemmdesigetander st and,]

predictablehan is possibk® achieve bgttendng only to published accounts of their
work. Overall, my attention to practice places me within the wider project in history of
science that attempts to show scientific and mathematical work ascenwdrédieat
makes O6thingsd in particular ways with

travel.

43 Gary Alan FinéAuthors of the St(@hicgo: The University of Chicago Press, 2007), 245.

44 Joseph Rouse, "Practice Theorytiandbook of the Philosphy ofeSiciBroeeM Gabbay, Paul
Thagard, and John Woods (Elsevier, 2006)me 15: Philosophy of Anthropology and Sociology,
edited by Stephen Turner andrkRisjord.
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Several historians of meteorology have studied historical attempts at making storms, or
extreme flows of air, into more predictablgovernal@events? A key study is

Robert FAppropraatmgthedseath¥ilhelm Bjerknes. By appropriating the
weather, Friedman means that Bjerknes redefined, reclassified and restructured weather
to make it more predictable by redefining it as a hydrodynamical problem, reclassifying
the atmosphere into new thidimmensioal concepts and restructuring weather

forecasting to make it useful to flight, farming and fishing, and also to achieve
professional support and recognitfon.

Overall such worén the construction ahethods to predict extreme events is more

limited in he history of oceanography. However, recéridyMillshas reast

Fri edmands st oocganograpbierms, desceondkhove Bjerknes

developed his hydrodynamical theorinesewera p p |l i cabl e t o Obar oc
conditions when lines of egpatssure and equal density are inclined due to properties

of the oceans, like temperature, creating the possibility of currents. He then discusses
how these theorems were taken up and further developed by oceanographers such as
Bjgrn HellaneHansen and Jah Sandstrom, making Bjerkriheorems into

simplified equations that could be more easily calculated. In particular, he claims that
onceHellandHansen had reformulated the theory
the difference of current speedimsn surface and the depths across the plane joining

the two statioré'’ However, neither Mills nor Friedman go into detail of the practices

of calculations used by Bjerknes, Helldaiusen or Sandstrom. What were the

routines used in these calculatioaishanv were they made into routines by the
researchers? What did Bjerknes and the others do in terms of practices to make the

weather or ocean currents calculable and predictable?

This question is not answered by history of meteorology, whicktbadther
focused on the use of forecasting techniques or the development of numerical weather

prediction using digital computers. Anthropologists and historians of twentieth century

45Vladimir Jankovic, "The Politics of Sky Battles in Early Hanoverian Biitaingl of British &sidi

41(2002); Katherine AndersBredicting the Wegihérago: The University of Chicago Press, 2005);

Mark S. MonmonieAir Apparent : How Meteorologists Learned to Map, Predict, and Dramatize Weather
(London: University of Chicago Press, 1999); Rodgsr Flemind/eteorology in Americal8300

(London: Johns Hopkins Press, 1990); Vladimir JariResiting the S{iéanchester: Manchester

University Press, 2000).

46 Robert Friedmamppropriating the Weéthaca: Cornell University Pretgg9).

47 Mills, The Fluid Envelope of Our, REhet
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meteorology have often concentrated ort@dgy forecasting of extreme weath
events. For exampléne has studied how weather forecasting is done through
everyday practice in a particular institutional settings, the importaodelaice

culture in this and how changes in forecasting technology led to changes in forecasting
practice’® While his emphasis on practice is usefgpmeentrates ame practices
involved ineverydayprediction, downplaying other aspects of importance for a full
understanding of the prediction process, such as the reception of forecasts or the
congruction of forecasting formul&Dther historians of twentieth century
meteorology haviecused on the role of digital computekgistineHarper is a recent
example of this, combining discussions of the development of numerical weather
forecasting andigital computers with debates about the role of military and other
patronageHer work indicates the importance of patronage andtinggtupolitics in
earth sciencésPaulEdwards similarly combines an account of the hidtory o
computing and meteoogly. Heinterestingly pays some attention to practices of
calculation including those used before digital computeiistvosteced?

While researchers like Friedman and Mills concentrate on the work done on the science
of forecasting, both they and faample Harper pay less attention to unpublished
accounts of how the technical content was constructed than thdostidiis thesis

adds to the literature of history of meteorology and oceanography by studying another
set of practices of calculatiordepthd statistical oness opposed to digital computing

d in an undestudiedime period. From thieistory of meteorolodytake the attention

to the history of forecasting, transferring this interesthie history of oceanography

where forecastingah been emphasised much less.

48 Fine,Authors of the Stdrid See also e §teve Rayner, "Domesticating Nature: Commentary on the
Anthropological Study of Weather and Climate DiscourSédather, Climate, Cu#idrésarah Strauss

and Bnjamin S Orlove (Oxford: Berg, 2003); Roger A. Pielke Jr., Daniel Sarewitz, and Radford Byerly Jr.,
"Decision Making and the Future of Nature: Understanding and Using Predictivadjttiion : Science,
Decision Making, and the Future oENabméel Sarewitz, Roger A. Pielke Jr., and Radford Byerly Jr.
(Washington, DC: Island Press, 2000); Trevor A. Harley, "Nice Weather for the Time of Year: The
British Obsession with the Weather¥Meather, Climate, Cu#dreSarah Strauss and BenjamindseéD

(Oxford: Berg, 2003); Monmoniai;, Apparent

49 ComparéWilliam H. Hooke and Roger Rielke Jr., "Shefiterm Weather Prediction: An Orchestra in

Need of a Conductor," Prediction : Science, Decision Making, and the Fuade@dhiet@arewitz,

Roger A. Pielke Jr., and Radford Byerly Jr. (Washington, DC: Island Press, 2000), 75

50 Frederick NebekeGalculating the Weather : Meteorology in the @@thdGenAAcgdemic Press,

1995).

St HarperWeather by the Numbers

52 Paul N EdvardsA Vast Machine : Computer Models, Climate Data, and the Politics of Global Warming
(London: The MIT press, 2010).

33



1.4DIFFERENT MATHEMATICAL APPROACHES TO OCENOGRAPHY AND

STORM SURGES

The work Tl did to develop surge forecasting formulae primarily used statistics.
However, thistatistical work linked ®r oud mands and Doodsonds
oceanographic reseaeshwell adebates regarding the definition and

institutionalisation of oceanography. This section sets out a number of different
mathematical approaches to physical oceanography, contrastapiacian tradition

to dynamical oceanography, and also discussing work on the history of storm surge
science in the Netherlands. Here and later in the thesis | will argue that the formation of
contemporary oceanography as a discipline needs to &g caetested definitional

work in which debates betwgenponents oflifferent approaches played a key role.

Before returning to review the literature wi | I bri efly describe T
tradiionDoodsonds wi der wobtidds, withm which thewonkend i ct i C
surges was set, came fitbeitradition of harmonic analysistides Proudman also
workedin this traditonob c | assi cal hydrodynami®cs and a
Muchof hi s work consisted of extension and
theoretica(as opposed tactugl bodies of watef Both Proudman and Doodson thus

belonged to the Laplacian tradition of work on the hydrodynamic theory of long waves.
This tradition was strong in Britain (and at Cambridge especially), including researchers
such as George Biddell Airy (:8892), William Thomson/Lord Kelvin (182407),

Horace Lamb (1848934) and George Howard Darwin (18852 As Eric Mills

has puttirecentlyf hose who worked in thisotidaditio
not work with actual geophysical flfidey did nofor example takaccount of

temperature differenge;ddd o not seem o0t o have had the

a sgnificant body of theoretical fluid mechanics to the dynamics of thé*6cean

However, tidal work was a key application of the work in this tradition, as described

from different historical angles by Paul Hughes, Michael Reidy and David Edgard
CartwrightThey do not considerastn surges in any great de@alrtwright

53 David Edgar Cartwright and F. Ursell, "JosephdPman. 30 December 1888 June 1975,"
Biographical Memoirs of Fellows of the RR2(ab%6xiety

54 CartwrightTides164165.

55 1bid., ch 7.

56 Mills, The Fluid Envelope of Our, Blanet

34



concentrate on the technical development of tidal science and prétlidtighes

does the same, but also discusses some of the technologies of calculation used by
researcher8Reidy conentrates on developments in tidal science in the first half of the
nineteenth centurysefullyemphasising links with industrial and military coriéerns.

An alternative approach to studies of the physical properties of oceans was being
developed in Scandiia around the turn of the century. The development of this
6dynamical oceanographyd has been anal ys:
oceanography went down the route of a particular kind of dynamical mathematical
analysis, following the deyelme nt of Bj er knesds met hods a
argues that this dynamical analysis came to dominate oceanography. As an example of
the difference between the two approaches he mentions thabwhHielvinhad

analysed barotropic flow, Bjeek dealvith baroclinic flow, wring which variation in

ocean properties, such as temperature, creates conditionghds that were not

analyseth the Laplacian traditiGh.

While Mills is at pains to emphasise contingencies in hdynémeicamnethod was

adopted and adapted in different circumstances, he none the less portragsiBgerkne
hydrodynamics &ise key part ahe route that led to modern day oceanography, as
dominated by what he calls its foundation Tézet,Ocean$is bookpublished in

1941 waswritten by Harald Sverdrup (geophysicist and physical oceanographer),

Martin Johnson (zoologistycaRichard Fleming (chemidtills argues thabst war
oceanography was shaped not so much by t|
integrated ocean@gphy, incorporating physical, geological, biological and chemical
sciences, amdth dynamical oceanograsya crucial organising framewask

expressed iihe OceahMills @mphasi on dynamic oceanography as the key part of
theeventually succegkipproach to oceanograpsyarticularly clear in hdwills
portraysGeorggMc Ewends al ternative approach, des

Hewr i tes t hat OMcEwenods met hod used a mat

57 CartwrightTides

58 Paul Hughes, "A Study in the Development of Primitive and Modern Tide Tables"w&tpbDolLi
John Moores University, 2005).

59 Michael S. Reidyides of History: Ocean Science and Her MéiestgianiNate University of
Chicago Press, 2008).

60 Mills, The Fluid Envelope of Our, RGhend note 182.

611bid., ch 9, esp. p 2&B4.
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and inappropriate to theiity of his date#? He argues that when McEwen entered
oceanography, in the US in 1912, the future of the field was not determined and thus
McEwen could not have foreseen that his methods would not become mainstream
oceanography, but his emphassiix p| ai ni ng McMilsvdesoudses f ai | ur
developments in Scandinavia, Canada, France, Germany and the US, but only mentions
Britain in passing. According to him this is because little work was done in Britain using
dynamic oceanogtapin the period hi®cuses on, before the Second World*XVar

The emphasis on Laplacian tidal equati on:
thesis complements Milstady, as his work concentrates on one particular strand of
physical oceanogr aqgbfalyntowbhiledroudimdninteracted r kK d i «
closely with dynamical oceanography, for example writing a textbook on it towards the

end of his career, his owasearclvas focused on Laplacian tidal equations. He also
defended this approach from accusatiojdrknes and others that its neglect of

baroclinic conditiongeading torertical accelerati@uch as temperattireluced

currentscould cause serious error, by arguing that the conditions under which this

became a problem did not occur in actual tides in the Wa&tis. thorough analysis

of this dispute is outside the scope of thistttésis, s hows t hat Proudma
loyay was towards theoretical work on tide:
Dynamical Oceanograpiyer ences some of TI &6s wor k on
some of the causes involved in surge generation (e.g. the effects of atmospheric
pressuren the seand the travel of such effects), but it does not name the

phenomean and does not discuss it ifbaused sectiodemonstrating the distance

bet ween TId&ds work on forecasti fWhilsst orm s
Tl 8ds r es e ar of ang mteractee witle dyrsanvieal oeeanography, their own

work was different from this approach.

Some work on the history of storm surge science has been done in the Netherlands, but

this has focused on tidal modellegearclkdone for hydraulic estakengineering

62]bid., 210.

83 Eric L. Mills, personal communication, emails 17 & 18 June 2010

64 Joseph Proudman, "On Laplace's Differential Equations for the Pidesgdings of the Royal Society of
London. Series A, Mathematical and Physicéd Swefi@s(1943Bee alsGartwrightTides165166.

65|t could provide a potential window into further analysis of different types of physical oceanography
and how they interacted.

66 Joseph Proudmabynamical Oceanoditapigon: Methuen and Co, B9Beprinted 1963)he

original book was probably in print before the 1953 storm surge.
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projects. Cornelis Disco and Jan van den Ende toegrsriod before 1953 in most

depth, whil&ViebeBijker provides more cover for the period after 198y all

identify 1953 as a key eveming storm surge sciemogetus and fundings | will

do, they alilso emphasise the interconnections between politics at many different
scales and the techsaentific workasBijker has expressedhe title of one of his
articles: o0Di kes afhiscodandwan,dentEhdiawe knadeihe h  p o |
more specific claim that mathematical models of tides and storm surges were used as
sociapolitical management tools by engineers to provide compelling, trusthworthy
evidence in support of various engineering schemes for dams. Theguatsa timge

of different types of models, including electric and scale models, and differentiate
between different types of mathematical models, using different equations, often based
in hydrodynamic theory but also employing ideas from the harmonidswétho

predicting tide?.

Unli ke TIlIds work with statistical foreca:
analysed by historians was to predict the response of the sea water to new dams, dikes
and other flood defences. The work described by these aghdirked to the

planning of engineering projects instead of real time warning systémsetiigome

of the same practices of calculation: human computers, siglandldesk calculators,

careful checking of resutisidlots of time and pap&While Disco and van den

Endeds emphasils word It Wii ssuohpraaticsniorel ,use of
depth. The practices were used for different purgdsesedhese practicdsr

statistical calculatiotesforecast surgeshereashe work described by Disco, van den

Ende and to some extent Bijker involved different kinds of mathematics based in fluid

dynamics.

67 Jan van den EndEhe Turn of the Tide: Computerization in Dutch SA6&(Rel®0ODelft University
Press, 1994); Wiebe E. Bijker, "The Oosterschelde Storm Surge BanhieoJogy and C4R(2602);
Wiebe E. Bijker, "American and Dutch Coastal Engineering: Differences in Risk Conception and
Differences in Technological Cultu@&gtial Studies of SEremze 1 (2002); Wiebe E. Bijker, "Dikes and
Dams, Thick with PoliticdSIS98, nol (2007); Cornelis Disco, "Delta Blugs¢hnology and Cdlture
no. 2 (2006); Cornelis Disco and Jan van den Ende, "'Strong, Invincible Arguments'? Tidal Models as
Management Instruments in Twenti€dntury Dutch Coastal Engineerifiggthnology anltu@#4, no.

3 (2003).

68 Bjjker, "Dikes and Dams, Thick with Politics."

69 Disco and Ende, "'Strong, Invinciblegéments'? Tidal Models as Management Instruments in
TwentiethCentury Dutch Coastal Engineering."

70 |bid.
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Within oceanography generally and tidal and storm surge science in particular there

were thus a number of different mathBoal approaches available. This thesis

di scusses how Tl went down one particul al
approach, it also pays some attertiatifferent approaches to oceanography,

especially regarding the institutional landscape of Ukogcagahy after the Second

World War when debates about different types of oceanography impacted on TI. This
problematises Msll@rgument regarding the origin of contemporary oceanggaaphy

least in Britain. In the case of Brifdielievethis argumeameeds to be further

contextualised in contested debalbesit the nature of oceanographic scignce

different times.

1.5.1PRACTICES OF MATHEMATCS

While the perspective of history of oceal
workon predictig tides and surgdmth Doodson and Proudman were trained as
mathematicians and the work they did was mathematical, often statistical in relation to
storm surges, and involved a large numbers of calculations. The overview of the existing
literature abovieas identified a fascination with naval patronage within the history of
oceanography, and a fascination with forecasting théhiistory of meteorology.

While recent work by Mills has looked at the use of a particular type of mathematics

within oceanagphy and Reidy pays some attention to practices of calculation

regarding early nineteenth century tidal predictions, the literature review has also found

a lack of attention to the construction of formulae used in forecasting and to the

practices atheoretical workn both meteorology and oceanography. This lack, and
Doodsonds and Pr o uvatom® mélrematids,oringsmshis nar y af |
section on the history of mathematics and practices of calculation. How exactly did Tl
make surgesalculable and predictable? The short answer issthastd multiple

regression statistics to construct correlations that were thém emestruct a

forecasting formulae, but how did they do this practically? What was involved in this

work?

This sedbn will first look at how historians have argued that mathematics can be
studied through practicésit haverarely done so, before turning to examples of those

who have in fact done thig.this areh concentrate on the work Ahdrew Warwick
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Bruno Laour, Michael LynclandHerbertKalthoff, developing concead critiques
| willthenusetoanaly$el 6 s attempts to make surges pr
thesis.

1.5.2MATHEMATICS AS AMENABLE TO SOCIOLOGICAL AD HISTORICAL
STUDY

Various historias of science have argued that mathematicaneaable to

sociological analysisother scientific workThey have also argubdt the

universalisation ehathematics takes just as much work as the universalisation of
experimental findings, and rejisss as much otacit knowledgand onnetworks of
correspondence and data as experimental S¢ieacexample, Warwick has argued

that there are a number of similarities between the theoretical and laborat®y science

such as that the travel of batieoretical and experimental knowledge is difficult and
dependent on tacit skiliDavidB| oor has descri bed mat hemat
beliefs and thought processes into which individuals must be dnftiated

Despite this, historians of scienagenpaid considerably less attention to the practices
involved in mathematical work than they have to the practickedin laboratory
scienceHistorical work on statisticscoblle an obvi ous compari son
statistics in forecasting stosarges. However, work on the history of statistics has
concentrated on the development of statistics to around the First World War and its use

in social science for the purposes of the BWtten there has been attentiotht® use

of twentieth centunytatistics in natural sciences, this has concentrated on biology

71 Simon Schaffe"Newton on the Beach: The Information Order of Principia Mathe meligtary of
Sciend@(2009); David Blodfnowledge and Social |2radjed. (London: The University of Chicago

Press, 1991); Andrew Warwick, "The Laboratory of Theory or Wiaat $\Bout the Exact Sciences?,"

in The Values of PrecisibiM. Norton Wise (Chichester: Princeton University Press, 1997); Andrew
WarwickMasters of Theory: Cambridge and the Rise of Math@matical: Rimisersity of Chicago

Press, 2003)nélrew Pickering and Adam Stephanides, "Constructing Quaternions: On the Analysis of
Conceptual Practice,"$tience as Practice ance@uiindrew Pickering (London: University of

Chicago Press, 1992); Eric Livingsttie, Ethnomethodological Bosrafailathemétiasdon:

Routledge and Kegan Paul, 1986); Donald MacKenzie, "Slaying the Kraken: The Sociohistory of a
Mathematical ProofSocial Studies of S2&me 1 (1999).

2\Warwick Masters of Thebdy 8.

73Bloor,Knowledge and Social | @iagkeryroceeded to attempt to portray mathematics in such a way,
discussing its basis ingrital practices such as moving pebbles, showing that alternative mathematics,
which appears illogical to us, are possible and have been in existence historically and by discussing the
role of d&dnegotiati ond an 8loomknowetige antd Socia Jategegrp ns i n |
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(especially inferential statistics) and physigsr@agbility anduantum physics), and

does not appear to have concentrated on practices. | will refer to some of this work
when discussirgs pe ct s o f thehisténsof statistick has rottemmphasised
twentieth century applications and practices of calculation in sciences like oceanography
or geophysics so comparison case studies are M#htgdhis literature has done is to
makevery clear that statistics is amenable to sociological and historicad sbudies,

many links between the particular social and scientific concerns of the practitioners of
the work’*

More generally,ark on the practices used in mathematical wepeiific physical

sciences in the twentieth centugommewhalimited. While there has been some work
done on the history of computing before digital computers, work analysing practices of
calculation in relation to specific applications in more degithlisited However,

the literature on computing often usefully describes machines and method$ of work.
Some attention has been paid to the role of practices of teaching mathematics and
theoretical physics and to the influence of this on re$afisn attention has

focused on professional mathematical research, this has often concentrated on the

process of constr uct i ’hHpweper, bamfinterested nobip ur e &

74 Stephen M. Stiglérhe History of Statistics: The Measurement of Uncerta{htynilefor& H©00

Belknap Press of Harvard University Press, 1986); Donald Mac®atigtes in Britain 18830: The

Social Constructi&giehtific Knowlgttjeburgh: Edinburgh University Press, 1981); Theodore M.
Porter,The Rise of Statistical Thinking . 908RChichester: Princeton University Press, 1986); Alain
Desrosiére§,he Politics of Large Numbers : A History oRetimtiicahns. Camille Nash (London:
Harvard University Press, 1998); Gerd GigerehagThe Empire of Chance : How Probability Changed
Science and Everydé&gaifbdridge: Cambridge University Press, 1989); Hatkaricaming of Chdnice

Eileen Magnello, "Karl Pearson and the Establishment of Mathematical Sthatisticational Statistical
RevieW7, no. 1 (2009); David Howligterpreting Probability: Controversies in the Early Twentieth Century
(Cambridge: Cambridge University Press),Z¥2ion 6.4 & 6.5; M. Eileen Magnello, "The Non
Correlation of Biometrics and Eugenics: Rival Forms of Laboratory Work in Karl Pearson's Career at
University College London, Parts 1 anéiiatbry of sci@v¢@999).

75 Martin CampbeKelly et al.The History of Mathematical Tables from Sumer t(CSqoedidStxémts
University Press, 2003); Martin Camyitmly and William Aspra@omputer: A History of the Information
Machin@xford: Westview Press, 2004); Mary Croatkarty Scientific Computing in @xtird:

Oxford University Press, 1990); Warwick, "The Laboratory of Theory."; Mary Croarken, "Astronomical
Labourers: Maskelyne's Assistants at the Royal Observatory, Greedtihi, 11 Rotes and Records of
the Royal Society of Lehdom 3 (2003); Jon Adgetie Government Machine: A Revolutionary History of the
Computérondon: MIT Press, 2003).

76 Kathryn M. Oleskd?hysics as a Calling: Discipline and Practice in the Korogstersi(iendoar f
Cornell University Press, 1991); WarMelsters of Theblgritz Epple, "Knot Invariants in Vienna and
Princeton During the 1920s: Epistemic Configurations of Mathematical Re3aiarade'in Coritéxt

no. 12 (2004).

77 Christian Greiffenhagen, "Video Analysis of Mathegth®tiactice? Different Attempts to "Open up"
Mathematics for Sociological InvestigatiBorim Qualitative Sozialforschung / Forum: Qualitative Social
Resear2008); Livingstoil;he Ethnomethodological Foundations of, Miatticematies"Slayitige

Kraken: The Sociohistory of a Mathematical Proof."
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the practices o finthe practicesdnvoived inlusnm statistias e/hild u t
trying to make a particular phenomenon predicEinte.ivingston points out that the
mathematical practice of theoretical physicists, which is closer to what | am interested

in, is not necessarily the saas that of professional mathematicians, even if they are

wor king on pr oof s odibexantple is thesdavengerice theldrenm 0 me n .
but that bothcan bestudied through attention to practft€hat is also the key

message | take from this bodyiterature: mathematical wpeken pure mathematics,

can be studied ashistorically contingemtaterial practice.

1.5.3WNORK ON PRACTICES OMATHEMATICS

| now turnto literature that hatiscussethe use of mathematigadacticesn scientific

work, such ashe use ostatistics and computational techniguesrticular disciplise

in more detailOneexamples Edward @esent book on computing and meteorology.

He describeghe use of statistics in climatolbgyore digital computeasiddiscusses

practices of calculation, such as the use of analogue computing, other computing aids

and punch cards, in meteorology in the first half of the twentieth ¢&rripays

particular attention to the limits introduced by computational prantioekjding two

concepts to analyse this: data and computational friction. He defines data friction as
othe costs in time, energy, and attenti ol
receive, and access dat a, e xwheerr ceiatsu rceosmpoufi
and limited resources in the processing of numbers [or, differently expressed,] the

struggle involved in transforming data information and knowledaf@ Edwarg & s

attention to the impact and use of computing technology ecificspcientific

discipline, meteorology, is interesting and useful. However, he relies on secondary
sources which limit his attention to practices of calculation as they are whitten up.

addition, his focus is dine limitsset by computingiot on theparticular practices

actuallyused in specific case studies. Anakample iMaryCr oar kends wor k
Comrie at the Nautical Almanac Offidescribing how he introduced computing there,

but Cr o a rcdneentrates omoompkiting per se insteas age in other

78 ivingston,The Ethnomethodological Foundations of, Mpgesrdatics
79 EdwardsA Vast Machineh 45.
80 |bid., 8384.
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aspects of scientelonAg ar 0

S

wor k on

t he

l inks bet wee

ties together practices of calculation with an emphasis on the rise of the state and

statistics, buih this workhe pays less attention to scientific/reathticatesearcff

1.5.AWARWICK THE MATERIAL CULTURE OF MATHEMATICS

An important exception to the lack of attention to the practices of mathematics is

War wi c kHedaswarguedfor the study of theoretical works as skilled and

practicdaden workinto which practitioners are encultured and trained so that many

techniques and

mu c h

0Ot he products of

t heoreti

Cca

wor k can

theoretical practices leadnand articulated by theoretiaidiblis primary case study

of how these theoretical practices were learnt and used is the development of

mathematical physics at Cambridge University, which he approaches from the view of

how students were trained, exauiand worked between the eighteenth century and

theearly twentieth century. He emphasises the development of a particular material

culture of mathematics at Cambridge, for which written exams, coaching as well as

indvidual practicend pen and paper veeimportant. Througtieir training ithese

materiapracticesnathematical physicists from Cambridge developed particular skills

and sensilities.Warwickalso emphasiseewmathematical physics travelled,

discustmghowthe Cambridge teaching methadswell as theories travelled (or not as

the case may be), how theori

es from el

relativity, were received at Cambridge and how the skills and tieghiethere

i nteracted with

of mat hemati cal

this discipline was made posshle.

s urah vorlkd’ Toehitnethe\cudturad histoly e o r i e

physics

S

a

necessary

Warwick haalsolinked the history of technologies of calculation to physigisgarg

that precision measurements and precision calculations were closely linked. Both

81 Warwick, "The Laboratory of Theory."; Croarkemly Scientific Computing in Britain

82 Agar,The Government Machine

83 Andrew Warwick, "Cambridge Mathematics and Cavendish Physics: Cunningham, Campbell and

Einstein's Relafty 19051911 Part I: The Uses of TheoStlidies In History and Philosophy of Science Part

A 23, no. 4 (1992): 6834.
84\WarwickMasters of Theory
85 |bid., xi.
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increased in Britain at the same time theamid to late nineteenth century, and both
were dependent on sets of new practicegeahdologies as well asagpecific
industriabind governmental settifNew technologies of calculation, such as
mathematical tables, calculating machines and new management practices regarding
human coputersenabled the application of the new nineteenth century mathematical
physics and analysis not only to the needs of bureaucracy, business and military but also
to science and the creation of empiricalddassexample the kind of forecasting

formulae TI costructed. Practices and technologies of calculation connected the style
of mathematics taugtur the Cambridge Mathematicap®s, using pure algebraic
analysis, to the needs of physics. He argues that new techofatagiakation led to

new practicesvhich together enabled workers to calculate more and for longer with
fewer mistake.e. with higher accuracy and preciéion)

| take my attention to the material culture of mathematics and technologies of
calculation from Warwick, but look at matherabpractice in a very different setting

from Cambridgehat ofprovincial Merseyside/hile Proudman and Doodson had

links to the world of Cambridge mathematics, for example through training, they
operated in a different woifdwhichindustrial and valpatronage was cruciabill

be combining attention to their practices of calculation with their attempts to enlist
patrons. | also concentrate on the construction of statistical formulae in relation to a
specific physical phenomenon of directirtteres o T1 6 s patrons, not
theoretical mathematical physids concentrate on Tl ds worKk
formulaeand harmonic tidal predictiom®t their work on the hydrodynamic theory of
surge®r tides In particular, |1 anag the use of the theoretical technology of statistics

as wel |l as technologies of <calculation i

1.5.9_ ATOUR: CHAINS OF DOCUMENTSTHAT CONNECT

Thepractices of calculatidn used toconstrucforecashg formulae forwgges
produced reams dbcumentgonnected in chaindeces of paper with number
graphs and calculations on thehich linkedo other sucllocumentsTo analyse how

Tl used new practices of calcaasto produce and connect sudcuments use

86 Warwick, "The Laboratory of Theory."
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Bruno Late r 6 s onwlwaingkof inscriptiorss a framework. Thispartly as he has
emphasised sudocuments, whidhe calls inscriptions or fornasd partly as he is

one of theesearchers who hastecouragesdtudies of mathematical wérdm the

same standpati as other scientific work, emphasising that it is not abstract or
transcendental but accessible to analysis through the stociynoéntsind

practice’l wi I | focus on one particudeaaof aspec
chains of inscriptions fmaymoreattention tacontingencieand less attention to the
powerseeking behaviouof sciensts.

Accordirg to Latouone importanaspect of scientifigork is to crate and combine

inscriptiondo find patterns. Thesescriptionsare transformed from one

element/form to anotherinanesem di ng chain of trclhamsf or ma
of el ementso,beimgpt-preasaehnt at ebfaehit of anot hel
transformation lead®th to amplifications and reducspior example in terms of

materiality or compatibiltyl n  Jasdbeyreceivednscriptions frontidal gauge

which theythrough a number of transformations, tuinemlother inscriptions or

document® tpe e s e nt i ragnimberk extrastedowg ef the tidal gauge record

Such documentsr nth order formsgould be more easily stored (due to being

compact) and also compared with oslieh surges

Latourargues thahecreation of fth order formgyives rise tanexpeted

O0suppd @ memrt t h esultbat iecreasesdin@tslity toiintereene or

convincé? Quch forms/inscriptions mobilise and stabilise the world, making aspects of

it moveable and intelligibl d®edand t he sci el
combinable mobilesdéd they allow scientist:
assuranced ‘AAvoatdursciehtistbevome rhadter of the phenomena

they are studying through work creathmgns of documently studying such

documentsnd finding patterns in the traces on thlednich mastery is particularly
pronounced i n 0,cwemas Theatbring tbgetbems$criptionsaandi o n 6

do additional work with them, creating further inscriptions, especially usiatipcaicul

87 Latour,Science in Act28¥247; Bruno Latour, "A Relativistic Account of Einstein's RelatBotyigl
Studies of Scit®cpo. 1 @88): 25.

88 Latour,Pandora's Hppe.

89 atour,Science in AGtR#6.

9 [ atour,Pandora's Hp§8102, quote from 101.

91 ]hid., 53.
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and mathematical formali§hT| used statistical calculations on their inscriptions of

surges to produce furthdocumentsattempting to create forecasting formulae for

surgeso make this phenomenon predictab&oursees mathematical formaligms

theories as just another step in the creation of more and more mobile yet immutable
inscriptions, arguing that they a®l ow sci
For exampl e, us itheagysceéntists saulda moi@ thanrwehbuait i vi t y
omore frames of reference with |l ess privi
and combined, observers can be delegated to a few more places in the infinitely large

(the cosmos) and the infinitely small (electrons), arehthiegs they send will be

under st®andabl e. 6

Latour is emphatic thdtdincrease in power scientists fets equations come from
themincreasingonnections, not from somaracle of immaterial thinkirfepr

example, he argues that the Lorentz trangfiormas used by Einsteincrease

connect i on sthelpgperwok @dcaessaly to mgve documents from one

frame to the other and still %Heintain su,
emphasises thepawerk nvol ved i n cofnsrt mwlcdea:n gotEh en sw
relativity refers to this lowly work of building and relating frames to another in such a

way that some kind of stable form can be
transformation¥L at our 8 s sechiqyistiaatvorisin the construan of

formulagsuch as Reynaldfosmula® Me nde | e #Gédki tabbs, | aw of
bodie&’ or adiagram produced after fieldwork in Bré&s, productive for me.

Together with the analytical tools | take from Warwick and others it provides an

appo ach t o maherhajicalerkon sufgs forecastiag practice. However,

L at omain ais when it comes to theory, or formalism as he often calls it, is on the

l inks between | anguage and nature, with |

viewd that the two are separ atDespiwhid need

92 atour,Science in AGtR82247.

93 Bruno Latour, "Drawing Things Together,Representation in Scientific &tabtichael Lynch and
Steve Woolgar (London: The MIT Press, 1990), 50.

9% Latour, "A Relativistic Account of Einstein's Relativity," 22.

95 |bid.: 18.

96 |bid.: 20.

97 Latour,Science in AGtR8¥238, 243.

98 |bid., 235236.

99 L atour, "Drawing Thingsobether," 452.

100 atour,Pandora's Hpgle 2, esp 467 and 5416.
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emphasis on paperworle isusuallyjfess concerned with how chains of inscriptions
formulaeare constructed in practice by scientists, instead fomusiaatingarious
philosophicaind sociologic@sues®

My focus is instead on how TI constructed their particular chains of documents and
forecasting formula@/hy does a scientist create one document and not aldtlyer?

useone formula or mathematical techniguer anotherRatour does nanhuch

discuss the choices or work involved in creating these particular relationships. For
example, his narrative of pedological re:
ounbr oken -restedelemeritp.d. of adk, pddocomparator and diagrams,

but spends less time analysing how the scientists had chosen to construct each element
or the particular links between thétklow did theseelementsome tatake the form

of a wellnested unbroken series? While | agree that scientists construct chains of
documents, Will add to this picture urtheremphasising the work, choices and

contingencies involved in constructnghchains of documents.

My emphasien the choices made when constructing chains of documents is closely
linked to how | demphasise the powsgekn g b e havi our Awifcledrl 6 s s
from the description of his viewtbe construction by scientistscbfins of
documentsibove] atourexplicity argues thauch worlgives power tecientists. His
concentration on the power of scientists has been criticised as assuming that scientists
seek power and control, and gain this through their work, while in fact there are often
strict Imitations to the extent of their poWw&in particular Latour claims that
mathematicians are in a strategic position to increase their powers as he sees
mathematics and formulae as concentrating connections. To him, an increase of
formalism will lead tanancrease in connections in the network the

formalism/equation is at the heart of, and thus to an increased ability for scientists to
intervene, i.e. more equations equals more pismee. puts it in reference to theories:

Ol nscr i pconswipti@ al | ow

101|pid., 7274; Latour, "A Relativistic Account of Einstein's Relativigg620

102| gtour,Pandora's HpHé.

103Graeme Goodayhe Morals of Measurement: Accuracy, Irony, and Trust irEleteivatterastice
(Cambridge: Cambridge University Press, 2004), ch 1; Olga Amsterdamska, "Review: Surely You Are
Joking, Monsieur Latour§tience, Technology, & Humad3/ailoed (1990).

104aEmphasis in origindlatour, "Drawing Things Together," 50.
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While Tlo&s researchers of course sought
ensure their instituteds continued survi
which TI1 ds r es eaasuchhhe cheicestlrey rgaldd when consagic

chains of documents choosing formulasannot necessarily be explained byerefer

to them seeking power or dominatiibh was as much about immediate reastion

about longerm planning.atour insteadvr i t es: 0AIl | imaking,v at i ons
equations, communications, archives, documentation, instrumentation, argumentation,

will be selected for or against depending on how they simultaneously affect either
inscription or mobilizatian'®® | cannot see howszientistannecessariknowin
advant®ewaneww i nnovationd wil/l affect inscript
of documents) or mobilisation (i.e. the processlstingallies), and thus how they

can select for or againsbiit this ground it has to be tried out firdf scientists

cannot know in advance if thekxperimentavor k wi I | produce one ¢
Osupplodementcsannot sel ect t he,adthepdooot at i on ¢
necessarily know which one wiktead the shape of the chairdocunentsand the

choices made in its constructionstdepend orother factors

Lat our & ehaingofrinkcriptiom providesramework fomy attention to
documentsind formulae. | will add to this framework by attending to the
contingencies, choices and work involved
This is inspired not only by Warwickods w

work done by Kaliff and Lynch on practices of calculation.

1.5.6PRACTICES OF CALCULATON CONSTITUTING CALCULABLE ENTITIES

How areeventssuch as storm surges, made into entities onto which mathematical
practices, such as statistics, can be ysay predict future wges? This has been

discussed from different angles but with similar resiMtielvgel LynclandHerbert

Kalthoff, both arguing that things are constituted as calculable entities through practices

of calculationor mathematisationLynctb s t er.mi nol ogy

105]hid., 52.
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Lynch argues that different renderings of a phenondéndns case visual

representations of biological specindseect and, crucially, add visual fealijias]

that such representations oOare essenti al
relatim s hi ps ar e r ev e al%dndpartculad, practicdseof salectioh y z a b |
and visualisation, such as oclearly mar ki
anotWeradduce coded and aggregated objects
representational operations can then be performed on the basis of the enhanced
identities and differendé®L ynchds basic argument is tha
frame phenomena through visual and mathematical practices that make them calculable.

| agreeniththisand wi |l |l give a detailed example o
mathenatical work in chapter five. Lyriabwever argues that such practices operate

oin the direction of genbdeleargugdeat agogy an:i
scientistare able to in advance select how to constitute objects vattoagpecific

desiredesults in mind. The same criticism as adaiagt oselectirs of innovations

to producesupplementapplies: how can the scientist know in advanceralctite

will lead toa specific restilh terms of pedagogy or theorigtfg will instead argue

that while TIlI&s practices of calculati on:

in particular contingent ways timatinpredictable walmsnited future callations.

Kalthoff has paid more attention to how practices of calculation poba@irce of
documentsha bind as well as connect. Wheleasomes from the field of social
studies of finanaa@nd concentrates on how banks make risk calculable, fizaipeci
discusses how this was done through practices of calcukatigrparticular computer
programmes containing particular formulae producing particular written documents
from particular data put together in particular.Wayte argues that such ptiaes

and in particular the formulae used, bring into being entities that are structured in

106 Michael Lynch, "The Exrnalized Retina: Selection and Mathematization in the Visual
Documentation of Objects in the Life Science®épresentation in Scientific &tabtichael Lynch
and Steve Woolgar (London: The MIT Press, 1990), 181.

107]bid., 154.

108]bid., 181.

109]bid., 182.

110]pid., 181.

113For other works from the social studies of finance, s@meald MacKenziélaterial Markets : How
Economic Agents Are CongOutdedt Oxford University Press, 2009); Donald MacKenzie, Fabian
Muniesa, and Lucia 9g Economists Make Mark@isthe Performativity of Ec¢vaastock:
Princeton University Press, 2007).
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specific ways, for example by the rules of mathetdimibowing Heidegger,

Kalthoff argues that calculati@echnologys part of a modern system of orderihg o
resources: omodern technology transfor ms
uniform, materialized things that can be measured and compared through computing,
balancing and calculatiif However, the use of such technologies of calculation
Oomedrs ng set in a 6chaind é of calcul ati
another | evel of calculation é&"dl@e inter)
argues that in modern society these set chains limit our understanding of phenomena,
makingtechnological understanding seem the only legitimate form.

Kalthoffds and Ly awayd@salymghgvTbnedelsweges ima ov i d
calculable scientific objgfl wi || describe in detail h ow
constituted theoretical entities they called surges. These entities were linked to changes

in sea level througinains of documenti® Latourian fashion. Surges were made

calculable entities,caimdeed constructed, through practices of calculation. Kalthoff
differentiates between calculating something and caleuittingt something and

Lynch makes a similar differentiation between constructing a picture with selected
attributes and mathemat al |y anal ysing those 0Oresidue
of a | aboratory specimends residues is [
residued™®| will explore this differentiation further in chapter five by discussing how

the procss ofmaking surgasto calculable entitieg@not sufficient talsomake

them predictable. In addition | explore the contingent process of establishing particular
practices of calculation, which in turn contingently produce and structure the entities

the practices constitute. Studying how cbéath@ecumentgome into being provides a

way to understand the historical contingencies involsedine nt i stcha@ns use of

112He argues that the bank 9 skapdrcanpaniescares throdgh veritng c ul at
and calculation. Entities, such as the credit proposal the bank prepares that suggests the bank should lend
to a particular company or the company as it is seen by the bank, are constituted by writing and
calculatonpr oduci ng documents: OTheoretical entities e
by operative writingdé (p.82). He also emphasi ses
performative force of formulae consists in bringing (econeiity into being by connecting different

ent i ti éerkiert Kaiphoff@RBartices of Calculation: Economic Representations and Risk
ManagementTheory, Culture & Saz#&tgo. 2 (2005).

113]bid.: 73.

114]bid.

115See alstheodore M. Porter, "Making Things QuantitatSeignce in Contewb. 03 (1994).

116 ynch, "The Externalized Retina," 182.
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1.5.7ACCURACY, TRUST AND PRACTICES®F CALCULATION

A key theme inthisthesssit hat TI attempted to increas
calcul ations or predictions of ttei des and
closenesgetweerobserved and predicted sea level. How this closeness was judged will

be further discusséd variaus places of the thediduch work has been done on

accuracy in history of science, though it has concentrated on precision meaStirements.

| discussed one exception to this emphasis on precision measurements above in the
context of Warwickds work on the | inks b
accuracy. His work this areahows that arguments about accuracy developed in the

wider lierature on precision measurements can also be adapted for other areas of

science, such esmputational and theoretical work

The wider work on precision measurements has shown that demands for increased
accuracy dgcientifiomeasurements or calculatioftenhave been linked to the needs

of state or industry® For example, early nineteenth century German states wanted

more precisely defined standards of weight and measure, which led to physicists
working on precision measureméiiisidustry, both predisn instrument engineering

and the telegraph industry, was heavily involved in debates on precision measurements
of resistance standatéfd.will argue thathis was also the case atdi$cusiaga

number of cases where TJydtdalandsukge on i mpr o\
predictions was linked to industrial, military or state der@aadmesooday argues

that trust waanothelimportantissuen relation to late nineteenth century electrical
measurements. Trust in these measurements was a compfexustin people and

their morality, materials, reading practices, machines, mathematical theories and the

level of care takéft.Rhetoric about precision measuremenisd also banportant in

117E.g.Gooday,The Morals of Measurdvhesibrton Wise, "Introduction,"” ifthe Values of Rieped.

M. Norton Wise (Chichester: Princeton University Press, 1997); Bruce J. Hunt, "The Ohm Is Where the
Art Is: British Telegraph Engineers and the Development of Electrical Sta@dai€g;1994); Simon
Schaffer, "Late Victorian Metrology atsdmstrumentation: A Manufactury of Ohms,The Science
Studies Reader Mario Biagioli (London: Routledge, 1999).

118\Wise, "Introduction."; Warwick, "The Laboratory of Theory."; Simon Schaffer, "Accurate
Measurement Is an English Scienc&h@Values of PrecisibiM. Norton Wise (Chichester: Princeton
University Press, 1997); Hunt, "The Ohm Is Where the Art Is."

119Kathryn M. Olesko, "The Meaning of Precision: The Exasibiignin Early NineteentBentury
Germany," imhe Values of PrecisibM. Norton Wise (Chichester: Princeton University Press, 1997).
120 Schaffer, "Accurate Measurement Is an English Science."; Gheddprats MeasuremEtoint,

"The Ohm Is Where the Art Is."

121Gooday;The Morals of Measuret68267.
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institution buildingAs Gooday has arguethypicists fronthe 1860s to 1880s appealed

for resources for teaching laboratories by rhetorically using recent dramatic
developments in research on precision measurements to justify the funding. Such
appeals wermaade within a setting where therelveis supply of lalratory training

through the expansion of physics in terms of peetand resources, and demand for

such training due to debates on scientific education and the expansion of the telegraph
industry*?*| discusiow Tl used similar arguments about accuracy to argue for funding

in the 1920s, linking accuracy to trustworthiness as well as to funding, but in the context

of precision calculations instead of precision measurements.

1.58 PRACTICES OF CALCULATON AND STORM SURGES

In order to analyse how TI attempted to make storm surges more predictable | use a
range of analytical tools and approaéhmes) Warwick takemy attention to the

material culture and practices of mathentatioss the seemingly universaiduage

and results of mathematics were constructed in a particular place and in particular ways,
using particak technologies. From Latour | takeattgntion to networks of

inscriptions, centres of calculation and enrolmeatadnsd chains that coract.

From Lynch and especially Kalthdtikethe idea that particular entities are made
calculable through practices in a particular way on padicuarent®) chains that
bind.From the literature on precision measurement higlatention to thenetoric

and practices involvéd scientific work on accuracy and howlihkedboth to

demands from state and industry and to arguments for patrgrsagentistd T 1 6 s

work was linked to its patronage.

This thesis thus provisla case study of howgeoup of mathematicians attempted to
make garticular phenomenon, storm surges, (more) predictable through the use of
particulaipractices of calculations, creatiagumentsnd formulae. Such work on the
accuracy of tidal predictions was linked to désrfamm industry and state actdrd. 0 s
workon the predictions of tides and susgas intensely dependent upon specialised

practices of calculation, equipment (e.g. tide predictors) and networks of

122Graeme Gooday, "Precision Measurement and tiesiGef Physics Teaching Laboratories in
Victorian Britain,The British Journal for the History @3Soienté€1990); Goodaye Morals of
Measureméig, note 77.
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correspondence, including the provisibdata from many sources. These practices,
technologies and data waesed to constructocumentsnd formulae in specific ways,

using statistical practices of calculation to constitute storm surges as predictable events.
Only by concentratingontheaet | s of TI 6s mat hemati cal pr
understand what TI did to make surges predictable.

1.7CHAPTER OVERVIEW

Chapter twalescribes how TlI, the institute where the storm surge work discussed in
the rest of the thesis was done, was ebthlighis is set into the context of the First
World War and debates regarding the effect of this war on science awod/greent

of the state in scientific reseatch al so di scuss aspects of ti
establishment, focusing on changehe level of accuranypredictions deemed
necessary by different actdisoriginated during the First World War as part of a
British Association for the Advancement of Sci®&AS proposal to set up a
Geodetic Institutéo conduct academic raseh and give advice to the government.
However, only the tidal part of it was develogatd the rest of the institute was
dropped when JosepRroudman via existing univerfised networks managed to
convince two Liverpool shipping brothesarlesrad Alfred Boothto provide

funding for five years.

The ability 6Proudman to convince busimass of the need for Tl was grounded in

the increased size of ships and in the recent war during wiNelryhad needed

tidal predictions for mining operations and to ship troops to the continent. Together
these two factorsyar and larger shiged changed the level of accustate and

industrial actoranted in tidal predictions, but this was not reflected inttak ini

BAAS proposal for which Proudman emphasised research on tidal theory. During the
process of establishing TI, its research programme, as put forward by Proudman and
Doodson, changed towards emphasising predictions over tidal theory. This change
dependd on audience, the work already done and on information received, crucially
from the Hydrographic Department of the Admir@ftydro) | argue thathspping

men provided funding as they wantedmo 6 accur ated ti dal pred

to observatins,andthat because of this patronaggeaimg such accuradecame
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one of key aims of the Institute. Within this research programme meteorological effects
wasone aspechat was said to need work.

Thethird chaptethen looks at how Tl tried to impient this research programme

during its first five years. The focus o
of tidal predictiongn comparison with observatioasd to predict meteorological

effects. In both cases | argue that they introduwegdgractices of calculation, such as
managementroutinasnd i deas from statistics. The ¢
calculating machines and the human computers who used these, as well as the person
who introduced them to TArthur Doodson, andhis work experiences during the First

World War. These experiences shaped his prattedsulation

The chapter argues that TIds research wol
predictions to practices of calculation. It provides a case studindktbetlined by

Warwick between demands from different actors, developments of technologies of
calculation and mathematical work, both theoretical and computational, aimed at

improving the accuracy of the numbers generated by a specifi¢*tbeosonused

new technologies and practices of calculation to redevelop the harmonic theory of tidal
prediction as well as analysing tidal data to find further constituents by analysing

residuals. He argued that because of these new practices of calculatiahléd¢ova

include more of the constituents of tiohegredictions, and that thereftinese

predictionsvould be of higher accuracy, i.e. closer to obsenitimohess His

arguments were however not only linked to developments in demands for axcturacy a
practices of calculation, but aldo cl osel
argue thatite way Doodson and Proudman talked about improving accuracy was

steeped in the need to justify both their funding and the work tlieialtidbouthe

need for accurate tidal predictions was a key part of their institution building strategy

As part of theirvork on the accuracy of tidal predictidn,6 s r esear cher s d

surges as residuals, a definition whachuewa s al s o | | sdadiedworko Do o 0

Chapter fouanalyseBow Tl used the results of the wdi&cusseah chapter three
both to do prediabns and to argue for patronagéhe period up to 1928he chapter

also discusses how thiavyincreased its patronage of TlI, first by proxy via

12Warwick, "The Laboratory of Theory."; Warnwitasters of Theory
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Department of Scientific and Industrial Resg®8IR) grants between 1921 and

19231n 1923 the funding from the Booth brothers and from DSIR ended, at which

point Tl used the results of their earlierkwto argue for further patronage from the

shipping industry andthlavy Tl 6 s wor k on tidal predict
Hydro but notdirectly paid for by themmtil 1923 when an agreement was signed after
which TI provided Hydro with an incregsamount of tidal predictions and analysis.

This provided a measure of ldegn funding and security for TI. The chapter looks at

how this agreement followed not only TI 0:
network building with Hydro amaternal conerns within Hydro regarding the quality

of predictions from their other supplier

With the agreement in 1923 the naval 01 et
appearedn a permanent basighe other two legs, the university and the shipping
ndustry, repeatedly renegotiated their re

existence, but at the end of it they had agreed a patronage and governance structure that
would remain in place until the end ofgegod covered by thiesis. Under this
structure the Mersey Docks and Harbour B@4R2HB) paid a key role as patron of

TI, housing it and providing funds, while the University had an important but smaller
role, providing little monetary assistance but access to academic networks. One
importantindustrial patron in this period wasLiverpool Steamship Owners
Association (LSOA). Theyso became involvad1923, following an appeal to them

via personal contacts. A key part of this appeal from Tl was a promise to provide
forecasts of meteora@pal effects for Liverpbport. The main argument of this
chapteristhalld s r e s e aabletb wse teeir @adier work on predictions and
storm surges to gain patronage and generate income by producing tidal paedictions
forecasts of meteora@iwal effectsThey also built networks with their patrons, which

by the mid 1920s wesdfficienly stronghateven when the meteorologicaiecasts

were twiceleemed unsuccesshishad no maj or effect on TI 6

While the first three empirical chapters covered Tl and its work fairlychiaietsy

five focuse®on storm surge work. It concentrates on one flooding event in 1928, when
fourteenpeopledied in central London. The chagealysewhat Tl and others dlin

response tothshance vent , especially concentrating
construction of surges. The chapter also looks at how the 1928 event led to changes in

thepatronage of Tl O6s storm surge sawayence,
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from shipping industry patronage. The change of patronage was linked to a change of
focus towardtheforecasting of floods. Tl however retained the idea of forecasts as
corrections to tidal predictions and an emphasis on both increases and ideibreases
water level, demonstratithg linksbetween their work and the needs of gmwailier

industrial patron

The chapter analyses how Tl ds definition
the scientific report into the evehitused their workn surges, first to get another

contract to do further research into them, and then to fulfil their promise to their new
clients, in part by convincing others to use their definition of surges. This convincing

was done partly through rhetorical displaggmertise and partly by using established

and new practices to make a number of surges into calculable objects for themselves

and the Met Office. A key sectionlué thapteanalyses how TI did this and how they
constructedas opposetb defined) surgeas residuals.looks n detail at the practices

of calculation involvetiow tidal gauge records and tidal predictions were made into
numbers omocumentsvhich were in turn transformed into more numbers on other
documenta nd eventually into graphs of O&surge
example of how TIOds practices of calcul af
ascalculable in a particularwayi n a si mil ar way to how Ka
or Lynchdos scient i s'towaver)deueshpieocdertoe ns ¢ al «
make storm surges predictable it was not enough to make them calculable, as

exemplified by how despite work by both Tl and the Met Office the events were still

deemed ungdictable.

Chapter six analyses a numberofeventsy ol vi ng Tl 6s storm sur ¢
concentrating on discussions regangitigpnagdérom state actors for this woilkhe

contested nature of patronage for research into storm surges was fpttasisethin

the decade after the 1928 event, through a dispute between London County Council
(LCC), the Ministry of Health and the Treasury regarding who should fund proposed

further researchy Tl into storm surgesn the end LCC gave in, nearly a deatide

the event in 1937, and funded the work together with some other local authorities. With
this the civil state had rejected becoming patron of storm surge science, but almost

immediately after thiduring the early part of the Second World tNeNavybecame

124Kalthoff, "Practices of Calculation."; Lynch, "The Externalized Retina."

55



I nterested in TIlI®&s wor k. I n response to
already begun the research using one particular method, changed tack and produced a
forecasting formula for the German coast using a different method involgtcsstat

argue thatieNavyd s demands, t og e anealiermethod ilhagdr ob | en
experimented with, impacted on the specific practices Tl used and the type of formulae
they constructed. After the wéorecastinge of TI
formula for Southend outside London, using similar methods to those used on the

German coast during the war, i.e. statistical, and wrote up theondwkhisTIO s

researchetsad to make choices regarding how to organise tlefolaexamie

which typology, theory afmrmulae to use. Such choiegse contingent on many

things such as the amount of work involved in calculdtitne, r e dr@mnganti er 0 s
Hydrods request, and i mpaclheadewlopmyhe r e s
argument thathains of documentid not only connect but also bind.

In a curios incident, the report from the L@&@rk was not printed in the UK, but

instead appropriated by the Ni&/ywho hadavery limiteceditionprintedin the US,

i ndicating further naval patronage of TI
TI did not see the dramatic increase in naval patronage following the war that other
historians of oceanography have reported. Whikathend other statectors

increased their patronage of oceanography in the UK too, this increase went to the new
Nationallnstitute of OceanograpliplO), an organisation led by George Deacon
(19061984) who had workesh wave and swell forecastingtfi@ Navy during the

war. While Proudman and Doodson had been closely involved in its establishment,
argue thallO represergda different kind of oceanography to that done atfich

fitsbetter into Mi$ @rsalysis of the development of dynamitgdicabceanography.

Fool l owing the contested establishment of
affirmed, with an increased emphasis on research agreed with MDHB and the
University. This meant that during the0%9% continued more or less as before in

terms of overall patrage and governance structure. One exception to the general
continuation of the existing patronage structures was for storm surge work, which saw a

dramatic increasn state patronage following tiigorstorm surgén 1953.

Chapter sevethe final empidal chapter, discus$ks chancevent, the 1953 East
Coast flood, and the impact it had on storm surge science. The event led to a shift

towards demanfdr, and patronageom, state actorfr surge sciencwith generous
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central governmefunding giventd | 6 s wor k on forecasting s
discusses how and wdtgte actors becarpatrors, emphasising the contested nature

of this process. In comparison to most secondary literature on the event | argue that

there was substizal political pressure on the government from the oppasition

provide fundingnd that this, together with the existence of resegoplortive

officerswithin theland drainage division of thenistry of Agriculture arfisheris, is

why (parts ofcentral governmertiecame a patron of storm surge science. This

patronage was in fact seen as a potentigidongaving by Cabinet ministers.

The new patronage changed the framework within which TI did their work, leading to a
coming togethed or even cliisiond of different practices, which in turn led to
guestioning of TIO&s practices both by ot
had made particular choices in terms of practices of calculation, in particular how they
calculated winds. Thed®ices were citsedduring a debate in the mid @9but

when Tl responded by suggesting they change from statistical practices towards more
theoretical work they were asked to continue with statistics. After another couple of
year sd wo rthe statisticaldaznculaeaas godd as they could get. Using

statistics, storm surges were now as predictable as Tl thought they would get and TI
wanted to develop other practices. Through material produced as part of the
guestioning of ITItdask ewian dl acsatl cluo oakt iaotn sTI & s
together vaous strands of my discussion afoutd s pr acti ces of cal c
emphasising how they through work and choicesahaihs of documentisat were

shaped in particular wagadboth conrected and bounithem Whenthey suggested

change away from statistical practices Tl was suggesting ttie@ingwf documents

needed to be constructed to gain further decreases in the difference between predicted
and observed residuals. They wanted tdopeak their earlier chains, changing away

from statistics but retaining the image of surges as residuals, but thisaghdemoinh

the 198s

As Tl no longer wanted to construct surge forecasting formulae using the statistical
practices of calculation they had honed since 1919, the end ods$ineat®esthe end

of the thesis. An additional push towards new practices bfaalci on was Doods
retirement, aged 70. That, and the-dakee of TI by the Universiig 1960 ending the

patronage structure that had been in giacel929, forms a suitable endpoint to the

thesis.
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CHAPTERZ2(191920), THE ESTABLISHMENT OFTI: SHIP

SIZES WAR AND TIDES

Thischapter outlines the establishment of the Tidal Institute (Tl1), in particular who

became patron of the Institute and why skt this in the contextoth of previous

work on tides, especially regarding the accuracy of predictialehaiad regarding

the nvolvementf state actors science at the end of the First World Weéinile the

chapter concenties on the establishmentldf it also givean understanding of the
reasons for TIo6&s initial work on storm s
within the context of coastal flooding and climate change, but the initial work on
meteorological effects tidesat Tl was set within widergaments for increasing the
6accuracyd of tidal predictions. The <c¢haj
throughout the thesislow, and to what extertid these different actodd.iverpool

University, BAAS, Hydro and the shipping inddsbigcomenvolved with TI?

In paricular, what was the rolesttea c t or s i n TATBese iselebatairb | i s h m
the literature regarding the links between the state, military and science at the time of
the First World War. Some writers have argued thaatheusd military were slow to

take up and support science, while others argue that itgiot fstcongly involveait

this time For examp, AndrewHull argues aumber oihewscientific bodiewere
established with the involvement of the state amdilitery at the same time that Tl
wasset up. In the UK the Department of Scientific and Industrial Research (DSIR) was
key in this. As well as itself being one of the scientific bodies thedtalglished

during the war, it set up seven new reseatmnsiauch as the Radio Research Board,

in the period 1917920. DSIR also took ovitie National Physical LaboratdWP()

from the Royal Society and the Geological Survey from tlieoB&atucation, and

created Coperative Trade Research Associatibng.seeshe creation of these new
organisationsand theestablishment of varioaslitaryscientific bodies, such as the

Board of Invention and Research at the Admiralty, the Munitions Invention

Department for the Army and the Air Inventions Comnjitteea s evi dence f or

1 Hilary Rose and Steven P. R. Résience and Sdoetgton: Allen Lane, 1969), 45; lan Varcoe,

Organizing for Science in(Bnitimird: Oxford University Press, 1974); Sabine Clarke, "Pure Science with

a Practical Aim: The Meanings of FISISE nent al Res
(2010).

58



dramatic wartime conversion of the British government to belief in the worth of

scientific research in war and peace, and a major financial condrmittoding

arguingagainst authors such@sy Hartcup who has claimed that stooiescientific

and technological succdsa r i ng t he First Worl d War wer
pieces of engineeringdartcup further argued that chemical gas warfare and tanks

failed totake offbecause dd dfailure on the part dhed@ s te appeciate the
capabilities and | i mi tnaotti obnesc aoufs et hoefs ed tneec
f ai P. Agcarding to Hartcup, the military authorities had been complacent regarding
R&D prewar and during the war they were slow to realise the possiiteitoms of

sciencé.

One reason behind TI was tha First World War had increased the interest in tidal
mattersas its Secretary, Arthur Dood§b8961968), latemoted” In the introduction

| discussed how historians of oceanography have found that the First World War led to
an increased military interest in physical oceanography and hydtégragkgmple,

the UK Hydrographic Department (Hydro) organised an interalatmnference in

1919 that led to the creation of the International Hydrographic Bureau in 1921. The
Bureau was aimed at increasing exchange and standardisation of hydrographic
information, including tidal ddt&@his increase of naval interest in ocaapbgmay
haveprovided a supportive environméartsomething like Tl, huloes notn itself
explain its establishmenhis chapter will analyge establishment &f asa specific
case study of thaebates regarding the role of state patronagemdeeithe end of

the First World War. | argtieat the gestion may need to be reformulated. Instead of

askingf the war led to increased state and military funding of spésmecallyit may

2 Hull, "Passwords to Power", ¥&rcoe provides further support for the idea of a sudden increase in
activity creating scientific organisations following thaNFarsd WarVarcoe Organizing for Science in
Britain 4446.

3 Emphasis in origindhuy HartcupThe War of Invention: Scientific Developh@(tentdhd

Brassey's, 1988), 198her authors who have argued similarly indlonl@ etsuro Sumida, Defence of
Naval Supremacy: Finance, Technology and British NagallR@lmydd889nwin Hyman, 1989);
HackmannSeek & Strike : Sonar, Satimarine Warfare and the Royal N&dy Rt31M. MacLeod

and E. Kay Andrews, "The Committee of Civil Research: Scientific Advice for Economic Development
192%30,"Minervd, no. 4 (269).

4 Hartcup,The War of Inventri6l.

5 Arthur Doodson, Personal Information File, Royal yo&eodson will be further introduced in the
next chapter.

6 Weir,Ocean in Comnii@acon, "G. Herbert Fowler," 284.

7Weir,Ocean in Comndgohibald DayThe Admiralty Hydrographic, 328&t619(London: Her

Majesty's Stationery Office, 1967);31L
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bemore useful to askhether the war influenced wketdof scientifiovork were
doneby different actors

On a related note, | also diss what kindf argumentgarnered Tl patronage.l & s

founders were able to argue there was amegwdease¢heaccuracy of tidal

predictions following thwarandtherecentincreasén thesize of ships. It was by

appealing to the needs of stateiaddstryfor better tidal predictions that Tl received
patronage, but who exactly was prepared to pay for theinioldStateactors

already had a long history of heavglvement in tidal scientteey wereot directly

i nvolved in TlIo&s initial establishment ai
research programme. Instead financial patronage from industry, often not emphasised

by historians of physicaleanography, was important for TI.

211 TIDAL WORK BEFORETI

The Hydrographic Departmemta d a deep i nterest in tidal
establishment, as they had had at least since the early nineteenth century when Michael
Reidy describékema s 0t he r e s e a rwindof taenBdtishdAeimirally.o p me n t
Reidyemphasises the close links between tidal research, the demands of merchant
shipping and the military demands of the Admirathye early nineteenth cenfury

arguing that tidaksearch enabled the British commercial and military empire to control

the sea$From 1833 onwards the Admiralty organised the collection of tidal gauge data
and published tide tables, but the calculation of the tide tables werealisiedoy

contractos.’ The Admiralty continued to publish tide tables and be involved with tidal

science throughout the rest of the nineteenth century and into the tentieth.

Those who calculatecketlide tables Hydro and others publiskestl dferent
methods. One methpthe synthetic onkad been developed with support from
BAAS in thel820s an@0s!* William Thanson(Lord Kelvin,18241907) andhe
AmericarWilliam Ferrel (181¥891)henindependently developed the harmonic

8 Reidy Tides of Histalyi0.See alsblughes, "A Study in the Development of Primitive and Modern
Tide Tables".

9 Reidy Tides of Histaly6; DayThe Admiralty Hydrographic Servit8,19785

10Day,The Admiralty Hydrographic Servit819795

11 Reidy Tides of Histarughes, "A Study in the Development of Primitive and Modern Tide Tables".
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methodof tidal analysis and predictiorthe 186s T h o0 ms o n dose apartr Kk wa s
of a BAAS committee and expenses were paid by BA&Barmonienethod was
furtherdeveloped by George Howard Dar(i@451912)in the 1885 again with

support from BAAS: The BAAShushad a tradition ofupporting research into tidal
predictions.

D a r wvensidnof thénarmonianethodof tidal analysis and predictwascritically

revisedby TI 6s r e wiktlhereiork leelessribehimadittle more detalh a

bookwhich was based on his Lowell Lectures in Boston if®h@®kplained the idea
behind the harmonic method of tidal pred;:
consists in the dissection of the aggregateaide into its constituent partial waves,

and prediction involves the recomposition or synthesis of thosé Wakessynthesis

could either be done by hand or by using a mechanical computer called a tidal predictor.

By analysing the tideeating forces, or potential, of the moon and thésuwjn

produced lists of astronomical constituents for a BAAS report in 1883. Such
astronomical constituents represent the influence of different aspects of lunar and solar
motion on the tidegkach constituent has an angular speed (related to itsaperiod
frequency) and an amplitude. Daralgo listed a number of otltiglal constituents,

related to norastronomical influences on the tides, such as the effects on tievedal

of shallow wateiThe depth of the water impacts the height of tides in piares

including on the German coast and in estuaries such as the Thames or Mersey.
Howevever, while he detailed these he also stated that he did not consider it necessary
to analyse for other than the astronomical constitaed & few no@astronomical
constituentsf the particular type called compotidesto account for the periodic

tides His summary schedule of constituents included six compound tides out of 36

possible?

12Hughes, "A Study in the Development of Primitive and Modern Tide Tables"; Caftidaght,

BKushner claims the book was a OsciebDavidfi c best s
Kushner, "Sir George Darwin and a British School of Geoph@s&(1993): 20a.he Lowell

Institute was a wedhdowed educational institute which ran a long series of both advanced and popular
lectures, sddtp://en.wikisource.org/wiki/1911 Encyclopaedia_Britannica/Lowell_Institute

14 George Howard Darwiithe Tdes and Kindred Phenomena in the Solar System: The Substance of Lectures
Delivered in 1897 at the Lowell Institute, Boston, Massadh(isettdon: John Murray, Albemarle

Street, 1901), 208.

15 George Howard Darwin, "Report of a Committee for the Harmonic Analysis of Tidal Observations,"

in Report of the Hiftird Meeting of the British AssocthBohdieancement of Science,-383®yport
Septemlieondon: John Murray, Albemarle Street, 1884), esp3p 6278 & 99.
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Darwin discussed t hectda predictenstadnetthigtiiat of s u ¢
the weather often caused problems:

The utmost that can be expected of atélike is that it shall be correct in calm
weather and with a steady barometer. But such conditions are practically non
existent, and in the Kb Atlantic the great variability in the meteorological
elements renders tidal prediction somewhat uncértain

Though he said the effect of barometric pressure was well known, with an inch change
in mercury being equal to a change of sea level of reshiano a foot, and winds

known to be a major cause of errors to tidal predictions, Darwin did not think
meteorological effects could be predicted. He did not believe forecasting formulae for
meteorological effects could be develdped.

Despite these prabims Dar win believed harmonic theo
enougho, p hattdiswas avidence it vedrualthebry for the tides:
oPrediction must inevitably fail, unl ess

phenomena; success isefae a guarantee of the truth of the th@tyle claimed

that theset ofconstituentsis schedule for harmonic analysis prodiicedd nt ai n a
completcord of the behaviour of the sea at the place in qééstiorDarwin, wind

and barometric pressurasaa source of error to otherwise trustworthy predictions. He
drew a sharp |line between these meteorol
which he thought his theory and methods adequately captured and could predict

accurately.

Methods opredicting tides were further developed by staff at Hydro before and during
the First World War. In 1912 a-iithe tidal officer, Commander Harold Dreyer

Warburg (1878947), was appointed by Hydro. Warburg had entered the Navy in 1894,
concentrating osurveying from ships from 1899 until his eyesight stopped him doing
this work in 1910, when bega officebased work, soon concentrating on fitles.

Following his work on prediction methods, computation of soraleamoronic tide

16 Darwin,The Tides and Kindred Phenomena in the, 28w System

171bid., 220.

181bid., 225226.

19 My emphasigbid., 199.

20]J. F. Parry, "Meeting for the Discussion of Geophysical Subjects, Wednesday, 19TBhdune 12,"
Observatdid(1918); Day,he Admiralty Hydrographic Servit619395326.
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tables was takenhousewith an additional computer hired, though Hydro continued
to have harmonic predictions for waters further afield, especially diurrdai{ghce
tides, done by outside contractbrs.1917 Warburg was appointed Superintendent of
Tidal Worlke?

Hydro outsurcedharmonigoredictions as these were done using speaigiredictor
machinesnd the department did not have drogether with otheM/illiam Thomson
had evelopedhesepredictormachinessee figure 2.1 for an exampleeyare a form

of mechaital analogue computers, or a type of automatic integrating Aidttene.
machines added together the previously found harmonic constituents for a particular
port to produce a predictiéhThomson had a bitter dispwtéth one of his
collaboratoravir E Robertsregarding who should be considered the inventor of tidal
predictors? In the endVir Roberts builhis owntidal predictor machinand

established a busin@s8roadstairs producing tidal predictidimss businessvas later
taken over by his s@mdcontinued to providéhe Admiralty witlpredictionsAt the

end of the First World War the two outside contractors Hydro uséadsaaampany,
Messrs. Roberts & Son, and the NPL which had another ni&chine.

21 Day,The Admiralty Hydrographic Servit8]1375%.

22]bid., 325326.

23 James S. Smdlhe Analogue Alternative: The Electronic Analogue Computer in Britain at@irthe USA, 1930
(2001); Michael R. WilliamsHistory of Computing Teclibohaipn: Prenticelall, 1985); Crosbie

Smith and M. Non WiseEnergy and Empire: A Biographical Study of (@atnkelige: Cambridge
University Press, 1989), 3/1; Arthur Thomas Doodson, "TiBeadicting Machined\aturel 18, no.

27 November (1926).

24 For more on the operation and invention of pdedlictor machines, ddaghes, "A Study in the
Development of Primitive and Modern Tide Tables"; Cartwirigbs

25 Described in detail iHughes, "A Study in the Development of Primitive and Modern Tide Tables", ch
9.

26 Day,The Admiralty Hydrographic Servit819793.
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Figure 2.1: A Kelvin tidal predictor, usety TI from 19247

The followingwritten bywWarburg in 192 describes in a somewhat idealised manner

how Messrs. Roberts & Saent about producing predictions:

A staff of two is permanently employed: (a) a man of great age (Mr. Roberts
says 80) who is the computer, that is to say he carries out all the hack work of
computing harmonic constants, and (b) a girl who reads times and heights from
the machine curvesrMRoberts states that he always works the machine
himself, checks both computations and curve readings personally, and

personally calculates the harmonic col

The staff employed are certainly highly expert andregfiad the general
methods leave but a few loopholes for errors. Each machine curve is checked
by means of 5 computed heights (the National Physical Laboratory checked

each by 2 only); the times and heights are written on the curves themselves and

27 Permission to reépduce in unpublished material kindly given by National Oceanographic Centre,
Liverpool. | thank J Eric Jones there for providing me with a copy of the picture and allowing me to use
it.

64



printed proofs checked from the curves, and in fact it is difficult to see how
methods could be improved, but the work proceeds with such rapidity that
errors undoubtedly do occur.

Mr. Roberts has reduced actual work to the igessible limit; for instance in

the computation of constants much division is regdinechas his own M.S.
Tables for dividing any numbers with any other; these are complete tables, i.e.
they give the required result without interpolation of any sort; it is only by
shortening work ithis way he can get on with so small a staff.

He employs no calculating machines, stating that an expert computer with the
necessary tables is both quicker and more accurate than any*machine.

In this description Warburg emphasised the practices adteatcused at Messrs.
Roberts, such as how they checked and simplified the work to increase accuracy and
efficiency. While Warburg was positive regarding these priaetades claimed that

the speed with which the wavias donéed to errorsThis highspeed was necessary

for the company to make a profit.

Hydrobds interest in tides and tidal rese.
as the war stopped the earlier exchange of tidal predictions between different countries,
including between Gaany and England. Buobstitute for these Warburg Hiast

tried what he called thdfousciti enti fi co hai
ounsatisfactoryo, giving | arge differenc
North Sea ports that were crucialtfee warinsteadle had i nvented a or
unscientific methodd to predict % hese ti
Warinduced needs had led Warburg to identify problems with the harmonic method,
arguing that it wa s prediotions,pnroppdsitianitorwgat 6 good
Darwin had claimed at the end of the nineteenth cedtiargued further work in

this area was necessanplicitly arguing for further funding

Since the first half of theneteentltentury there had been close links between military,

industry and science regarding tidal work. In the\eaniiethcentury such links

20 Met hods, staff, etc. 6, par t289%ep 19k, inkyDe f r om War
587/1921, within H 4434.23, UKHO
29 Parry, "Discussion of Geophysical Subjects," 286.
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existed between Hydro, NPL (run by the Royal Society for much of this period),

Messrs. Roberts & Son alslo the use ofpredictionsboth naval and merchant

shipping. The state, in the form of Hydro, was heavily involved in the calculation of
tidal predictions and had been so since |
work and research, but so were industhga@entistsin addition, regarding tidal
predictiondHydro had its own R&D programmen t he f or m omhichWar bur
forms a case study against to those who thargnditarydid nottakescientific
researcleriouslpefore andluring the First Wid War.

2.1.2HOW TO JUDGETHE ACCURACY OF ATIDAL PREDICTION?

The (insufficientiaccuracy of tidal predictions veestified asin important issue at

the end of the First World Way Hydro. In February 191%/arburggave a detailed

technical presentaii of hisnew methods for predicting tideghe Royal

Geographical Society. In thesédmphasised that while the number of tidal predictions
published by the Admiralty had increased
beennocoreponding inctéedasghi nthecumacye@se in
draft of vessel sd h a dewsldefae thee wdr,iwgidnber ac c u |
claimedvaswhy he had begun work o’iDuring the discussion of Wargud s ,paper
HydrographePary emphasised the importance of adceurdal predictions to seamen.

He stated thatuding therecentwar the laying of mingke avoidingof torpedoes and

therapid movement of ships had relied on tidal predictibadvessel is being chased,

it maybe a question of life or death to her to be able to decide whether she may cross

over a shoal or not [i.e. decide what the depth of the watiuéscedy the tide],

and the disadvantage of not being able to cross and having to go roura the sho

obvious o us allé

Earlier Darwin had judgé@rmonididal predictions to beccurate, but now Hydro
said they were not sufficiently accutatene sense judging the accuracy of tidal

predictions was a O6si mpl ed ernmdtipdeaima son bet

30Harold Dreyer Warburg, "The Admiralty Tide Tables and North Sea Tidal Predi¢tens,"
Geographical JoE®alo. 5 (1919): 3889.

31]. F. Parrgt al."The Admiralty Tide Tables and North Sea Tidal Predictions: DiscUgson,"
Geographical Jo&&alo. 5 (1919): 327.
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particular location at a particular time. However, this comparison was of course far

from simple. While tides are continuous, tidal predictions of times and height were
usually given only for high and possibly low Wafeesdimes and Hghtswere thus

t he number s wh osalewhéndatkingiabcatdhe accuvaciidesl a t
predictiong® but Warburg pointed out that for seamen it was more important that the

time of high water was accurate than the héightis paper Warbuigpent
considerable time defining what he meant
accuracy of tidal p r &bhihednd he developesipeimto t a s |
scoring system for predictions, so that those closest to measured reduedsgist

scores, and produced percentage measures of the degree of accuracy of tidal
predictions. He claimed this showed that his new equation method of predicting tides
produced more accurate predictions than the method usually used by the Hydrographic
Department®

To increase accuracy was to reduce the difference between observed and predicted

times andheights of high and low waters. However, judging what this difference was
involvedcomplex comparisons audgemers oftidalgauge records apdedictions

Firstly, the accuracy of tidal gauge records compared to actual sea levels was by no
means assured, asrihcould be measurement erforsexampléft he gaugeds cl
waswrong or issues with where and how the gauge had beenduaegart of a

port might have a d@rent tidal pattern to anoth@or there might be problems with

deciding the datuMEven if the tidal gauge record was deemed to represent sea levels

at a chosen place closely enough, these records included meteeffdotscalhich

tidal predictions made no pretence of including, so to judge the accuracy of the

predictions in comparisons with the records it was necessary to take meteorological

32See e.gdarbour Regulations and Tide Tables from Januarlyat1D émetnbétort of Lagos, Southern
Nigeria (Lagos: Government Printer, 1910).

33 Arthur Thomas Doodson, "Report on Harmonic Prediction of Tidd2¢part of the Eiftiginth
Meeting of the Briftissociation for the Advancement of Scietfe2) Gaudiifst 28 (London: John
Murray, Albemarle Street, 1920); 32

34Warburg, "The Admiralty Tide Tables and North Sea Tidal Predictions," 310.

35 bid.: 311.
¥Warburgl 919. Warburg seems to use the term 6degree
accuracy of a | arge number of predictions wherea

when talking about one specific prediction, conggaoday,The Morals of Measurdiient
37 For an example of such problems, see Shankland to Doodsdgy22928, Box 16, BA
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effects out of the recastéf However, the difficulties in calculating what the
meteorological effeateremade it difficult to take them out of the resovdarburg
had identified this askay problem, butad not had time to work aip sohadinstead
chosen to assess the accun@tye predictions during the summer, when
meteorological effecstould besmaller?

Secondlythe accuracy of predictions by themselveanediserissue, botlanalysing

for constants and calculatprgdictions using such constaft®dictions were

comected to observations through the process of analysing tidal gauge records for the
constituents that were used in the predicédinthe observations were poor the results
of the analysis would also be poor. In addition, choices during the procagsisf an
such as how many or which constituents to analyse for, could impact on the
predictionsAnother issue was thatlp a limited number of the potentially very large
number of harmonic constituefdsind could be included in machoadculationsas

tidal predictors were physically limited in terms of the number of constituents they
could be set to includBven if the fullest practicable harmonic development of tides
was used, there were Harmonic aspects of the tides thstadardharmonic
predctiondid notnecessariipclude, such dsrthershallow water effectThe

analysis angredictions also relied on complicated calculations that needed not only to
follow the latest theory of how to calculate tidal predictions but also to follow
mathematical rules without mistdka@e use ofitlal predictor machines introduced
potential calculation errors which needed to be accounted for when gauging the
accuracy of predictioffaVarburg pointed out theirmonic predictions produced by
differert people using the sanmmnstants differed substantially, linking this to such

machine erroré

38 Emphasis addetiverpool Tidal Institutdidal Institute: First Annual Repor{L.1\@%pool:

University of Lyerpool, 1920)-8.

39Warburg, "The Admiralty Tide Tables and North Sea Tidal Predictions."

40 Emphasis addetliverpool Tidal Institutélidal Institute: First Annual Report, 74820

41 This immediately raises issues offaliieving, which is philosophically problema&tiow to know

that the rules have been applied correctly is not necessarily obvious, even if we can decide what the rules
are. Se@arwick, "The Laboratory of Theory," &1®; Harry M. Collin€hanging Order : Replication and
Induction in Scientific Rractied. (London: The University of Chicages?992).

2See fol der o0 Mac hi nAthut ThanasDbgodsoB UTa Asdis? Warks &Ahe a n d
Tides," inReport of the Eigylitgh Meeting of the British Association for the Advancement of Science, Edinburgh
1921 Septembdrd{London: John Murray, Albemarle Street, 1922), 243.

43Warburg, "The Admiralty Tide Tables and North Sea Tidal Predictions," 310.
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As GraemeGooday has emphasisgdgments of measurement accuracy depended
on many different issues and varied over time and siftidtiensame held for
judgements of the accuracy of tidal predictiisle Darwin considered that his
harmonic method produced accurate predictions at the end of the nineteenth century,
Hydro did notthink soat the end of the First World War. In addition there were
multiplejudgements and issues, such as regarding the accuracy of observations
including meteorological effects, involved in this mékteraccuracy of
measurements, calculations @rediictionsvere all connected together and what the
necessary accuracy was or at@airacy meant was often left vague niéest that

talk of and work on the accuracy of predictions could easily be used for rhetorical
purposessuch as when Warburg argued for further iwdhis area during his
presentations

2.1.3 PROUDMANG CAREERBEFORET]I

Warburg was not the onlgw tidal researcher in the 19¥nother wadoseph

Proudman (1888975) wholaterb e c a me T |. BisfathBriwase ¢atmabailiff

and tenant farmén Bold,betweerWidnesand St Helens (in Merseysidefihe

himself was a pupédacher between 1902 and lif0¥arby schoolé&she was not

from a privileged backgroundrieeded to earn a living through his scientific work. In
1907 he became a scholarship student of Mathematics at the University of Liverpoo
where he gained the B.Sc. in 1909 and B.Sc. Honours in 1910. Again as a scholarship
student he then went to Trinity College, Cambridge, to study pure and applied
mathematics. After passing the Mathematical Tripos in 1912, with distinction and first
clasgyrades in the final exam, he spent a thadat Cambridge doing research.ihis
when he became interested in titlesoudmanaterdescribé how he went to

Cambridge with a view to do research on electricity and chose courses accordingly.
However, ier he had sat his exams he claims he could not, despite talking to a number
of mathematicians in Cambridgeluding Joseph Larmdind anyone who could give

him the o0definite problemdé he felt he ne:

44 Gooday,The Morals of Measuret68nt
45 This was a couple of years after the nineteenthiry Wrangler system had been abandoned in 1909.
WarwickMasters of Thep8@#285.
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recommendedtt Proudman writ® Horace Lamb (1848934), Professor of

Mathematics at Victoria University of Manchestewh o o[ b]l]y return of
problem in the theory of tides Proudman deemed sdftAkleart of his work on
hydrodynamics Lanttadworked on the mathematical theory of tides and other types

of oceanic waves such as tsundmtig. t er t hi s Proudmands rese
the dynamical theory of tides.

After his student years in Cambridge, in 1913, Proudman took up a poseaglectur
mathematics at Liverpool University. He continued to teach at Liverpool when in 1915

he became a Fellow of Trinity College, spending summers in Cambridge. During most

of the First World War Proudman remained
medi cal categoryd6 but, on top of the tid:
Research Department of Woolwich Arsenal for the last half df Hed &ealth

problems may have been due to recurrent psychological issues rather than physical
problemsas two later episodes of what was called exhaustion, nervousness and
insomnia have been recoréfedlt Wo ol wi ch he produced a pa
dirft [sic] of a shelldé. He had al so wor |
Naval Architecturejyho in turn worked with the AdmirattyProudman thus had

some personal networks with the military world.

Much of TI1 0researcavastbasedantaitradiéidn of mathematical physics

rootedat Cambridg® in particular theevelopment there bhph ¢ &drkson the

hydrodynamic theory of long wavies. €iasisticalvork on forecasting sto surges

was complemented by work in this tradifimnexamplaevelopingolutions to

related dynamical problems for simplified b&dhs.o ud man was TI1 6s mai
practitioner of thisydrodynamicalork ar their link to the Laplaciaradition. How

did he acquirthe skills to operate inthistradifdle c| ai ms t o have 0Of e

46 Joseph Proudman Biographical lecture D 212/2, LUA

47A. E. H. Love and R. T. GlazebrotRir Horace Lamb. 184934,"Obituary Notices of Fellows of the

Royal Sociktyo. 4 (1935).

48 Joseph Proudiarsonal Records of Fellows of the Royal Society, Royal Society Archive, 8.2

49In summer 1932 he was given leave for exhaustion and nervousness, see documents in D/BO 1/5/1,
MMMA&North Street. I n 1951 Doodson mentioned to Hy
with insomnia, is not allowed to see anyone and has just receévedrad s | eave of absenc:
Day, 2dFeb 1951, D/BO 1/4/17, MMM North Street.

50 University Council Report book, 1918, S2466, LUA

St Warwick Masters of Theory

52 See e.dirthur Thomas Doodson, "Meteorological Perturbations dfesvehand Tides(Geophysical

Journal Internatidnalo. s4 (1924).
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for coaching, nor for tutorial classes;e at Cambridgestead claimingcturesand

working out of exampleswé&re o mp |l et el 'y sati sfacThis yoé f o1
partly reflects the changes the ralge mathematics course was undergoihg

time of Proudman's attendariéellowing the reforms to the Mathemaftiaglos in

1909 fewr used private coaches and the subjects students were choosing were

changing, away from tharlier emphasis time solution of physical problé.

However, it also indicates that he had already acquired some of the skills necessary to
pass the Cambridge mathematics exams successfully beforeatthgingiversity

Il n addition, Proudman seems to have been
styles, claiming to have |l earnt most fr ol
odCanbr i dge s c h dmdlew Wawickallsvalieading coatiowever,

he also claims that he was Omuch attract
Littlewood and Hardyyhom he called p u r e ntas lofea mavttype in

Engl ando wh ack stiggests attkactalf anany students under the new

examination systethYet, when Proudmdailed to find an attractive problem in

electricity, he turned backpbyscally related problems solving in the tradition of

mathematil physics

While Warwickliscusselsow former wranglers turned public school teachers were
important in prepang students for the Cambridg#p®s in the nineteenth century,
Proudman did not go to public sch®lowever, Warwicklsomentions that

Ebenezer Cunningham and HarageBnan, both Cambridgr@ained mathematicians,
were holding junior lectureships in mathematics at Liverpool University at about the
same time Proudman was a student thereudmardescribes his undergraduate

teaching at Liver powtl wassti ngdairdti intgi edsvoa fk |

53 Joseph Proudman Biographical lecture D 212/2, LUA

54 Warwick Masters of The@8p285; Andrew Warwick, "Chndge Mathematics and Cavendish

Physics: Cunningham, Campbell and Einstein's Relativityd12@Bart 11: Comparing Traditions in
Cambridge Physic&tudies In History and Philosophy of Sciedce®at(A993):2 Proudman

claimed many westll using coaches when he attended Cambridge.

55 Warwick Masters of The@8g.Joseph Proudman Biographical lecture D 212/2, LUA

56 |bid., 434Joseph Proudman Biographical lecture D 212/2, LUA

571bid., ch 5.

58 Warwick, "Cambridge Mathematics and Cavendish Physics: Cunningham, Campbell and Einstein's
Relativity 1908911 Part I: The Uses of Theory," 639 & 644.

71



corrected and criticised by his lectuadr®f which had been wrangféikhis indicates

that he was developing some of the specific problem solving and learnisgdkills
Cambridge mathematiciansile he waat Liverpool University, taught by former
wranglersmuch like the public school students discussed by Wé&iuvtbler

investigations of how, and the extent to which, teaching methods first developed at
Cambridge spread to mathematics departments ratioitrer sities in Britaiwhen

wranglers lectured theres s omet hing that could extend
mathematicabaching methodsvetraveled

2.21THE LIVERPOOL SETTING THE SHIPPING INDUSTRYAND THE

UNIVERSITY

Both Liverpool Uniuesity and the Liverpool shipping industry were involved in the
establishment of TI. Thamterests in Tl and tidal work am&roduced hereéeginning

with the shipping industiywhen Tl was established in 1819 shipping maAlfred

Booth gave £350 per year towards payment of the salary for the Secretary of Tl while
his brotheiCharle8ooth, also a shipping maggve £50 per year towards working
expenses, both for fve y¢d/B.hi s was the core ohydidhe ear
these shipping men provide funding for tidal science? No direct evidence of why the
Booths decided to fund Tl appears to exist, so this section attempts to find a more
contextual answérl argue that the Booths were part of a modernising factios of
Liverpool shipping communityho owned and managed eaeger ocean liners, had

links with university science as well as the state and were keen on increasing the

throughput of the porgpured on by the First World War

The Booth brothers, Charlg8681938) and Alfred (182®48)had obvious and

direct interests in the success of shipping, particularly in Liverpool, with Charles being
chairman of the Booth Steamship Company and Alfred chairman of the Cunard
Steamship Company, but also more ggnekdred Booth had studied Mathematics at
Kingds Coll ege, Cambridge, graduating in

59 Joseph Proudman Biographical lecture D 212/2, LUA. The Professor, FS Carey, had been third

wrangder about 1880 and another lecturer, James Mercer, was senior wrangler in 1905, according to
Proudman.

60 Gift book 1 Oct 190Fep 1912, Feb 1919, S81, LUA

61See not®7, thischaptef, or r ef erences regarding Tl ds establ i
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of merit at shared 2@osition in Part,Ibuthis mathematical training gaua a

chance of under st wonkdvasralgout and thé propased vedearehn 0 s
Tl would do% He had been Chairman of the Board of Trade Committee on the
Shipping and Shipbuilding Industries and
Commercial and Industrial Policy in 1916, so was involvatibimah politic§® Charles

Booth was similarly involved in a range of organisations and companies. Crucially he

was on the University Council for many years, forming a link between the shipping

world and the universitile was also involved in perlatedorganisatios, as

Chairman of the Employedssociation of the Port of Liverpool (19B388) and later

a member athe Mersey Docks and Harbour Ba@@41938Y:*

Anct her of TI1 0s ithe Mersey Dockadnd Haddur Boards(MDHB)s

a large organisation heavily dominated by shipping interests that had run Liverpool port
since 185%.From 1920 MDHB were represented on the governing committee of Tl,
and thus anot her o &gradualdy snore and mocermgportanh i ¢ h b
during the first decade of its éefice MDHB hadhada longstanding interest in tides

and their predictiomsevidenced bthe existence of committee papers on tidal

mattersfor example discussing several investiganto differences in tide tables
producedy differenbrganisation’®d MDHB was interested in tides hs height of

the tides dterminedvhen ships of diffent sizes could access the Ja@s the size of

ships increased with the introduction of-&Ngger ocean liners before the war this

became more and more of an is§able 2.5hows the increase in tonnage per vessel

from 375 tonnes per vessel880to 996 tonnes ih9l9, indicatinghatships became
largerNew docks, able to cope with shifith 34 foots draught, were saide

neededby companies running passenger and cargo ocean liners, as the current docks

62 Cambridge University Reporteth R8ay 1894, p 846, andhlRin 1894, p 904. He does not appear to

have sat the Part Il exam, which only the more advanced studetets aabther years work, see

WarwickMasters of ThepB¥268.

63REGISS database, "Who's WH$971998."

64 1bid.

65The Board had 28 members, 24 of whom were elected by users of the Docks (so primarily shipping

men) and 4 were nominated by the Mersey Conservancy CommiSsiameMountfield)Vestern

Gateway : A History of the Mersey Docks and HdtbheerpBohrdiverpool University Press, 1965).

66MDHB WUP T111 oLiverpool Tide Tables,d Liverpoo!
67 James N. Shoolbred, "The Tidal Regime of the River Mersey, as Affected by the Recent Dredgings at

the Bar in Liverpodday,"Proceedings of the Royal Society of London. Series A, Containing Papers of a Mathe
and Physical Charg@fern. 523 (1906).
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could not deal with ships with such drauitstesponse tsuchdemandfor larger

and deeper docks with wider entrances and other facilities, the Docks Board organised
new dock facilities and O6i mprovementsd t ¢
control the channels of the river and dredgitige Edwardian periétAnother

concern wathat sich work could lead to changes in the ffdes.

A key factor behind industrial demands for increasing accuracy of tidal predictions was
thus the increasing size of ships with the introduction of ocean liners. Another was the

First WorldWar, as it led to a large increase in ships using Liverpool docks which

created congestion, labour shortages and raised costs. In 1915 the Liverpool Committee
for the Coordination of the Naval, Civil & Military Requirements of the Port was

established lgentral government in 1915, to reduce the congestion of the port as this

was said to be important for the war effort. It had representation from a range of

interests, including not only the sbvpners of MDHB but also the Navy, labour,

railways and othgrand was chaired by Alfred Bdothitially the MDHB criticised

this new committe but according to Francis Hyde, an economic historian of the port,
Omeasures were taken as a result of the
throughput 6, so t he MDHB®s i nfAti atlh er etsiinset aonfc e
establishment the Liverpool shipping industry was divided into factions. MDHB has
been characterised by Adrian Jarvis as h;
and alowturnoverf member sé at this time, which h
and poor performance monitoring, including some spectacular overspends on poorly
managed projects.

68 Mountfield Western Gateviay.

691bid., 105109,115125.

70Shoolbred, "Th&idal Regime of the River Mersey, as Affected by the Recent Dredgings at the Bar in
Liverpool Bay."

71 Tidal predictions does not seem to have been considered by the committee. D42/C1/1/18, Liverpool
Committee for the Gordination of the Naval, Militaand Civil Requirements of the Port, LUA.
Mountfield Western Gatevi2p134.

72 ]bid.

3 Francis Edwin Hydéjverpool and the Mersey : An Econoyro€ &Rt 170970(Newton Abbot:

David & Charles, 1971).

74 Adrian Jarvisn Troubled Times : The Port of LiveBpd®88[80John's, Newfoundland: International
Maritime Economic History Association, 2003121
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Total tonnes
Year | Total number | net registered | Tonnage
of vessels tonnage per vessel
1880 | 20,070 7,524,533 375
1881 | 20,249 7,893,948 390
1882 | 20,966 8,104,136 387
1883 | 21,315 8,527,531 400
1884 | 23,940 8,800,362 368
1885 | 21,529 8,571,454 398
1886 | 20,598 8,370,723 406
1887 | 21,884 8,797,783 402
1888 | 22,241 9,017,935 405
1889 | 22,662 9,291,964 410
1890 | 23,633 9,654,006 408
1891 | 22,775 9,772,506 429
1892 | 22,304 9,968,697 447
1893 | 21,206 9,468,539 447
1894 | 21,170 9,960,902 471
1895 | 23,943 10,777,146 450
1896 | 23,695 11,046,459 466
1897 | 23,640 11,473,421 485
1898 | 24,664 11,815,376 479
1899 | 25,522 12,534,116 491
1900 | 24,870 12,380,917 498
1901 | 24,334 12,648,539 520
1902 | 24,214 13,308,305 550
1903 | 24,827 14,537,751 586
1904 | 25,400 15,626,241 615
1905 | 26,065 15,996,387 614
1906 | 25,773 16,147,856 627
1907 | 25,635 17,064,211 666
1908 | 25,739 17,111,814 665
1909 | 24,799 16,747,479 675
1910 | 24,961 16,654,071 667
1911 | 25,377 17,600,888 694
1912 | 23,483 17,327,415 738
1913 | 24,982 18,433,269 738
1914 | 24,756 19,086,672 771
1915 | 22,562 18,980,913 841
1916 | 18,742 15,679,943 837
1917 | 16,747 14,018,652 837
1918 | 11,855 11,687,204 986
1919 | 12,372 12,324,010 996
1920 | 17,115 16,521,373 965

Table 2.1: The total number of vessels and the total tonnage for which MDHB were paid ratie ratio of
which shows the increasein tonnage by vessel between 1880 and 1920

75 Mountfield Western Gatewgpendix IV.
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There was conflict between the traditionalist MDHB and the modernising war

committee, led by Alfred Booth, during the First World Wer modernisers appear

to have won out, direiavdeidon g dteon ttihfei ebde fbfyi cH yed
continued after the war. It led not onlyudherattempts to cater for larger ships, e.g.

through building works to widen the entrance to the Alfred Docks, but also to changes

in the management BIDHB, such ags financial routine$ This efficiency drev

coupled with théonger term trend of increasingly larger ships and a tratlition o

donations to the university sedhesmost likely reason why the Booths funded Tl

Within such an efficiency driwmding researatn improving tidal predictiomgould

have madsense as\tas supposed tolpaeduce accidentsuch as ships grounding

due to lower than expectidles and also increase throughput, as water depths would

be knownd supposedI® with more certainty, shipping could be allowed to enter

and leave for longer. As we will see below and in the next two chapters, in funding
applications TI1 r ep etidatpeedictions causegl damgers,t hat 01
delays and expense for shipping, which theircoatt fix’’

2.2.2 IVERPOOL UNIVERSITY

The Universityormallyestablished theewTI, and is thus an important patron for the

Institute, but provided very little fundifiggwas not unusual in being hosted by the

University but funded by local shipping dustry, as the Universi
patronage shows. Throughout the Universi:
industry, specially shipping, for funding; a common patter&rfglish provincial

universitiesit this timeWhen Liverpool biversity College was set up in 1881 much of

the funding came from local subscribers, including £6230 by ship owners towards a

chair of MathematiééAs funding from other sources increased, the proportion from

industry decreased, but the shipping indasthyraders continued to contribute

significant sums, for example to establish the School of Tropical Medicine in 1899

(supported by amongst others the Booth Line, which traded with Brazil), and a chair in

76 |bid., 136146.

7TLSOA General Minutes, part 2: 19964 (illegible date) April 1923, Vol 29, D/SS/2/4, MMM

8 Thomas Kellyi-or Advancement of Learning : The University of Lit6gigblyagbl: Liverpool
University Press, 1981);48In 1884 the college j&id Victoria University and then in 1903 Liverpool
became an independent University.
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Naval Architecture in 190%Much research workas done for the shipping industry,
e.g. on using cemnt in waterworkonstruction, cold storage machinery and marine

propulsion using internal combustion endfhes.

Donations from the shipping industry to the university continued during and after the
FirstWorld War. For example, in 1920 shimers and industrialists endowed four

chairs in engineerifigrhough not directly from the shipping industng of the war

time donations is of particular interest
Departmenbf Oceanography was created, endowed by Natural History Professor

Herdman and his wife. Biological oceanography had existed at the University since the
188)swith a marine biology station established in 1887 and moved to Port Erin, Isle of
Man, in 1892, men a Fisheries Laboratory also became part of the Natural History
department: Herdman had successfully argued that this research was important for the
fishing industry and got monetary support from local industry as well as government for

t hi s oOialquy®f TheeDipatiment of Oceanography initially concentrated on

bi ological oceanography, so was Rot in di
based physicateanography |1t s establi shment was mainl
legacy but also seetmdbe part of the general increase in interest in oceanography

following the war, which Tl was similarly partfefiere was any competition between

t he Herdmansds Department of Oceanograph:

traces in the sources.

Given this context of constant and repeated donations by shipping men to the
universityit is not surprisinthat industrial patronage was important tal@spite the

lack of comparators within history of oceanogrdtmreverywe now turn tchowit

came to be thail was founded through a benefaction from shipping men such as the

Booth brothersbecause this was tie¢ initial plan

79 bid.

80 June Jones, "Science, Utility and the 'Second City of the Empire": The Sciences and Especially the
Medical Sciences at Liverpool University-188%" (PhD, University of Manchester, 1989j473
81Kelly,For Advancement ohingar The University of Liverpod88245.

82|bid., 7273.

83 Jones, "Science, Utility and the 'Second City of the Empif€Q.94

77



2.3THE ESTABLISHMENT OFTIl: THE BAASCONNECTION

During the First World War a large BAAS committee of ser@ntists under section

A (Mathematics and Physics) set up a survey of the state of geodeticingsadrch
they saido keep alivscientific interest in geophysics follov@egrge Howard

Dar wi n &3he committeargued that a Geodetic Institutavering geodesy,
seismologyerrestrial magnetisamd tidesywas necessary and would give much useful
help tothe state. Theglso arguethat there existatb specialised research institution
for work on these topics and, critically, no Britistitution that could provide

scientific advice to government on these t&pitse arguments for the proposed
Geodetic Institute are likely to have been part ofitteragenda to increase the links
between science, military and government, whichdraglbgtified at BAAS and
elsewhere in relation to the establishment of &l the emphasis within BAAS to
use science f of These BAAB scierdidts weré drguingifoe inceegiséd.
funding fortheoretigg@odetic research by fragiiheir proposed institute as assisting
the state.

These arguments can be exemplified by the tidal survey. As part of tRaAsder
surveyHoraceLamb prepared a report on the current state of research obaindes.

asked Proudman, his protégéelp withthe reporf® However, heir report to the

BAAS concentrated on academic aspects of tidal science. It claimed that though existing

tidet abl es were O6sufficeeant!| i mgrcavaddd opifod

84 The nontidal members of the committee were astronomer Frank Watson Dyson, who chaired it,
physicist Charles Chree (who reported on magnetic observations), Charles F Close (Director General of
the Ordnance Survey), astronomer and physicist James Hagamsodndthematician Augustus

Edward Hough Love, geologist Henry George Lyons, astrophysicist Hugh Frank Newall, physicist Arthur
Schuster, Napier Shaw (who reported on meteorology), geologist Aubrey Strahan, astronomer and
seismologist Herbert Hall Turn@egorge W Walker (who reported on seismology) and Major EH Hills
(who reported on geodesy and surveynanpk W Dyson, "Meeting for the Discussion of Geophysical
Subjects, Wednesday, 1917 NoV7e"'Observatiifyno. 520 (1917): 444.

85 Organising Committee of Section A, "Reports on Physical Sciences for Whitkidéorld

Observations Are Imptant," inReport of the Eidetyenth Meeting of the British Association for the
Advancement of Science, Bournemouth: 1919 38amtdorneidhn Murray, Albemarle Street, London,
1920), 2B1.

86 Roy M. MacLeod, "Scientists, Government and Organised Research in Great BilgjiMieédva

8, no. 1 (1970); Roy M. MacLeod and E. Kay Andrews, "ScientifeiAdhie War at Sea, 19847

The Board of Invention and Researdhiirnal of Contemporary 6listor (1971); Hull, "War of

Words."

87 Roy M. MacLeod, "Retrospect: The British Association and Its Histori&ihg 'Harliament of Science:
The British Association for the Advar®eered, dfd2B1 ed. Roy M. MacLeod and Peter Collins
(Northwood: Science Reviews, 1981), 2.

88 Joseph Proudman, "Arthur Thomas Doodson,-1868, Biograptal memoirs of the Fellows of the Royal
Society}(1968): 193.
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periodictides were needed to furthieeoretical research on the dynamic theory of

tides. One issue was uncertainties in the harmonic constantsperitdgeriodic
tides which were due t*nothanwords, storm sumasi c al
needed to be analysed so they coudeéerated frorperiodictides, which in turn

would lead to improvements of the general (Laplacian) theory of tides. The report did
not mention such improvements as being linked to improvements in preafctions
published by the Admirali@verall this regrt emphasised the theoretical aspects of

tidal science over the need to improve predictiopséotical reasons, arguing that
funding for theoreticélut not practicalesearchivas necessaihere was a disconnect
between the message of the rgaodetic committee, claiming the proposed institute
would assist the state, and the message of Lamb and Proudman, not discussing state
needsut instead focusing on theoretical research

The Hydrographer argued there was a similar disconnect lzetadeit tidal

research and t h e Asparrokthem dampaignrfa increasedastate me n &
support of geodetic research the BAAS committee organised meetings at the Royal
Astronomical Society bringtogether workers in the fiedfigeophysical srices’ In

1918 one of these geophysical discisssiorred tides and was attended both by

Proudman and key Hydro staficluding thédydrographer Parmwho chairedAt this

meeting Warburg, Lamb and Proudman all presented work. The Hydrographer claimed

to have only accepted to chair discussion to emphasise the need fapenation

bet ween oOpractical 6 men, | ike himself an:i
and Proudman. He thought suckoedination was lacking and pointed out that

0 k n o wof theltigless was vital to the seaman, especiallyitt Wetr despite this calll

for increased tidal research, quoting the war as one reason it was needed, Hydro did not
offer monetary assistance either to the proposed Geodetic Institute or to the Tidal

Institute.

In the end the proposégleodetic Institute petered out, as other actors including the

Royal Society were working towards settingsimpilarinstitute at Cambridge

89 Horace Lamb and Joseph Proudman, "Preliminary Report on Tides and Tidal CuReptst'dofithe
British Association for the Advancement of Stiemben1.9dih Murray, Albemarle Street, London,
1919), 15.

% Dyson, "Discussion of Geophysical Subjects."

91Parry, "Discussion of Geophysical Subjects."
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University funded not by the state but by private benefd@idASdecidedo let

others organisg@and fundd geodetic researdhough they continued to argue in

favour of it? In relation to DSIR Hulhasargue that the BAAS was more radical than

the Royal Society in its demands for increased state funding of scienceatings

Geodetic Institutenay be durther example of suahstitutional politicsand asvith

DSIR, the Royal Society and inthiscasealSa mbr i dge Uadawithteer si ty ¢
result of fewedemands fostate funding afciencé’

This section &sdiscussedome of the academic reasons for establishing TI, primarily

to further research on tidal theory, and
context ofcontestedrguments for increasing scientific involvement with the state.
Howeverwhile these arguments for theoretical research from BAAS had not been

enough to get funding, the proposed tidal branch &ebdetic Institutéurned into

TI.

24.1THE ESTABLISHMENT OFTI

How was TI established? In early 1918 Proutiadiroped tdbecome head of the

tidal department of the proposed Geodetic Institute but then later in the year, as the full
Institute became less likely, he started formulating plans for setting up a separate tidal
institute at Liverpool, to be funded by shipping BgMNovember he had formulated
amemorandum to be put to these shipping men via the professor of mathegatics,
Carey® While this memo appears to have been tdkisatage Proudmatearly
reformulated his proposala way he thought would appeahttustry which worked

In early 1919 he had a meeting @itlarles Booth, member of the Goiliof the

University, who apparently callee proposed Tidal Institule 0 capi t al i deao
he would put the idea to his brottfek few days latein eary February Charles told
Proudmarthat he and his brother Alfredd@b would provide funds of £400 perar

92 Organising Committee of Section A, "Reports on Physical Sciences for WhidMitorld
Observations Are Important,"-217.

93 EH Griffiths and EO Henrici, "The Urgent Need for the Creation withinri@re of a Central
Institution for Training and Research in the Sciences of Surveying, Hydrography and G&agbesy," in
of the EigHEyghth Meeting of the British Association for the Advancement-df92¢ieAcguSRAff
(London: John Muay, Albemarle Street, 1920).

94 |bid.

95 Doodson to Margaret, 1&eb 1918, 17Jun 1918 and ®Nov 1918, Doodson Papers

9% Doodson to Margaretth4eb 1919, Doodson Papers
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to supportT| for five year8’ The University then became involved, accepting the
Boot hsd offer and establ i shtheBogh TI oas pr
brothers® With this Tl was established.

Proudman became Director, a role for which he was ndiypadtead remaining
employed by the University, akrthur Doodson Secretary of the new Institute, which
was housed by the Universigviding it with a room in the Holt Physics Laboratory.

As rooms were scarce at the University this shows it wanted to encourage the
Institute?® but while they were clearly happy to be involved in Tl they did not fund it,
providing only a minimal gratitially £10 per yeaf When T1 was established its
governing committee had only six members and was dominated by the University and
the Booths? but by 1920 it had grown 18 members. While there was a strong
contingent of shipping men, consistinghefBooths and representatives of MDHB,
scientific representatives had numerical dominance of the governing committee at this

point!%

97 Joseph Proudiarsonal Records of Fellows of the Royal Society, Royal Society Archive, 9.1. Sources
that discuss the early TI include o0The Liverpool
Proudman to Roberts,®lay 1935, D/BO 5/1/1, MMMS North Street), l&ph Proudman

Biographical lecture (D 212/2, LUGgartwright and Ursell, "Joseph Proudman. 30 December2B388

June 1975."; Proudman, "Arthur Thomas Daods8901968."; Liverpool Tidal Institufgidal Institute:

First Annual Report, 192§ce ScoffielBjdston Observatory: The Place andBivkd?dmald:

Countyvise Ltd, 2006); J. Eric Jones, "From Astronomy to Oceanegr&plef History of Biston
Observatory," http://www.pol.ac.uk/home/history/jejhist.pdf. f ew | etters from TI &s
Doodson to his future wife mentions discussions with Proudman on the proposeth@&y, o not

cover why it was proposed (Doodson to MargateEel®1918, ¥7Jun 1918 and ®®Nov 1918,

Doodson papers). No letters to or from Proudman or the Booths on this issue seem to have been
preserved. The establishment of Tl is recordda idniversity Council Minutes, but this gives little
information (University Council Minuteh®8eb 1919, S2221, LUA). The University Gifts book provides
confirmation of the Booth's monetary gifts, with Alfred Booth giving £350/yr towards payment of the
salary for the Secretary of Tl while Charles Booth gave £50/yr towards working expenses, both for five
years (Gift book 1 Oct 19@&p 1912, Feb 1919, S81, LUA). These official University notes are the only
direct primary sour cresacotnorTd sd sMiemnsutaebd i (seh.nge.ntMD HOB
Marine Committee) do not even record the establishment of Tl. The main archive of Tl consists of
material collected after Tl had been established and has nothing on this very early stage.

98 University CouncMinute 18 Feb 1919, S2221, LUA. The letters from the Booths do not seem to

have been kept.

99 Doodson to Margaret, FebMP919, Doodson papers

100Tidal Institute Ledger, S2147, LUA

101 The University set up a small committee with six members (the two Booths, Proudman, the Professor
of Mathematics FS Carey, the President of the University Council and@ran@etior). University

Council Minute Book 14, Minutes from meeting ¢rFE8 1919, S2221, LUA

102By 1920 the Committee had grown to 13 members: the same two official University representatives,
the two Booth brothers, five academics (Proudman; Carey; R Hargreaves, Reader in Applied
Mathematics; Horace Lamb; and L R Wilberforoéed$2or of Physics), three representatives from

MDHB (Sir Francis C Danson, C Livingston and F W Mace, MDHB's Marine Surveyor) and finally W E
Plummer, Director of Bidston Observatory (somewhere between an academic member and the shipping
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Anotherof TI1 &6s early sources of funding was
Geodetic Institut&ection A (MathematicstaRhysics) of the BAAS set up a tidal

committee chaired by Doods@fin the autumnot 919, Tl 6s first yea
committee was given the largest grant within section A of £150, which Tvéat t

pay forstaffto docomputational worlAfter this theBAASfundingof the committee

quickly declined, e.g. to only £35 in 1920, and completely stoppedrhe2ale

of BAAS and this funding will be returned to inndéveitwo chaptes.

2.4.2PROUDMANG MOTIVATIONS FOR ESABLISHING Tl AND HIS CAREER
AFTERTI

Proudman was a finder of opportunities and funding for himself and his chosen field,

for examplevhen he contacted Lamb asking for a research problem or when he was

able to convince the Booths to fund TI. He however had to put much effort irgo tryin

to find a niche and support, balancing his life, for example teaching at Liverpool and
researching at Trinity College, and applying for funding, for example from the Booths.

As we will see in the remainder of this chapter aalitheingtwo Proudmanoloked

for funding for Tl wherever he could think gfaduallyadjusting how he portrayed

Tl 6ds research programme to fit the audi el

strategies as he went along.

As the memo to the Booths have not been presersathitleaexactly how
Proudman framed the Institute to thdat it seems likely it was as a combination of

theoretical work, as in the BAAS reports, and as work aimed at improving tidal

men of MDHB). In1921 two more academics, W A Herdman (Emeritus Professor) and J Johnstone
(Professor of Oceanography) were added to the comhiitézpool Tidal Institutdlidal Institute: First

Annual Report, 19RWerpool Tidal Institutdidal Institute: Second Annual Rep¢iy&gadol:

University of Liverpool, 1921).

103The other members were Horace Lamb (chair), Charles F Closern&anesal), Philip Herbert

Cowell (Director of the Nautical Almanac Office), Horace Darwin, G Herbert Fowler (oceanographer,

see article by M Deacon), Hydrographer Lear mouth
Thompson, Joseph John Thomson andeéteHall Turner. The committee was dominated by Doodson

and Tl &ds work, see folder HD 1472/1920 within HD
104Report of the Eigligint Meeting of the British Association for the Advancement -of &fereeyuSardiff

2428 (London: dhn Murray, Albemarle Street, London, 1920Report of the Eijylitgh Meeting of the

British Association for the Advancement of Scierd® 28 didmieghbd, 7(London: John Murray,

Albemarle Street, London, 1922), x&&port of the Nete Meeting of the British Association for the
Advancement of Sciened,92alISeptemb#86(London: John Murray, Albemarle Street, London,

1923), xxvi.
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predictions, whichthe Ingtit e 6 s r e s e ar emphgsiseda afawmyeegs | at er
starting in 1915 Proudman collaborated with Geoffrey Ingram Tayléd@/&B6a

Cambridge mathematician and physicist, on the theory of the disturbances to a rotating
fluid caused by moving sofidProudman wrotéo Taylortha TI was set up in order

to take the suggested work from the BAAS
whole of his time on material relatingd¢tual i d'%€As Broudman later described

the rationale for Tl, the BAAS study and his own experiencsixrgears of
theoretical research on tides |l ed him to
instituted i n BfWhieanimpontaetpaet afispottingthig t i des.
opportunity was finding gaps in academic work that could be filled byitine ljas

done in the BAAS report), another part of
Institute was potentially fundable by the shipping indifistlated to actual tidé%

While he was still emphasisingrttoee theoreticalork suggested liye BAAS report

at this pointthis was now to be dooa actualas opposed theoretical, tideeughhe

still did not discugsdal predictiondHowever, Is discussions with the Booths also

begara process ahaking himaware of the industrial needtidal prediction in a way

he claimed not to have bdmfore establishing 1P

In addition, for Proudman, establishing Tl not only furthered his academic research on
tides but also his own carealildwing the establishment of Tl, he was upgraded

(withou competition from other candidates) from Lecturer to Chair of Applied

Mathematics at Liverpool from October 1898hat establishing TI was important to

his career can also be seen from his Royal Society Certificate of Election from 1925.

Al most half of the oQualificationsdé secti

the rest concentrating on his own work on the dynamical equations of the tides for

105The collaboration led to the formulation of what is now called the Taylor oiPFfaytiman
column,Cartwright and Ursell, "Joseph Proad. 30 December 18886 June 1975," 324.

106 My emphasis. Proudman to Taylo¥, M&r 1919, GIT D66, Trinity College Library, Cambridge
107Proudman, "Arthur Thomas Doodson, 1-:8968," 193.

108 Doodson to Margaret, ®®ov 1918, Doodson Papers

109Joseph Proudman, "Report on Harmonic Analysis of Tidal Observations in the British Empire," in
Report of the Eigigith Meeting oBttitessh Association for the Advancement of Sci@826, Sagiifft
2428 (London: John Murray, Albemarle Street, 1880)Proudman to DSIRM8ul 1919, DSIR

36.13.4, NA

110University Council MinutenNov 1919, S2221, LUA
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which he had won the Adams Prize in 1828.1933, when the previous professor,
Jamegohnstone, retired, Proudman took over the Department of Oceanography,
refocusing it on physical oceanograghy.

2.5THE ROLE OF THENAVY IN THE ESTABLISHMENTOF TI

For Proudman establishing Tl was an important part both of supporting his chosen
topic of research and of establishing his own career. For Liverpool University, Tl was
another research institute funded by local shipping men, while for those funders Tl was
part of a wider modernising agenda aimed at increasing the throughput of Liverpool
port and make the passage of the increasingly large ships they owned and managed safer
and faster. While all the actions and motivations by those involved should ble seen wit
the First World War and an increased role by the state in supportingrsthence
background]| was established without state suppiomvohement While it was part

of the creation of new scientific organisations described by Hull it was ript direct

linked tostate actorat this early stage through funding, espauiifter thecollapse

of the plans for the &detid nstitute'** However, while the state initially provided no
funding, a particular part of it, the Hydrographic Department ofitheaky, quickly

became involved in defining TlIld&ds researcl

As part of reseaxciprogampmehegcientistdtbestarted

corresponding witHlydroin late summer 1919, exchanging information and asking for
adviceThe firstpreserved letters are from August 1919, more tharykalf after TI

was established, afiadgtly formal and impersdn&Vhile this is indicative of the initially
distant relationship between the two organisations, the lettsroaldoow Hydro
becamenicr easi ngl y i nJndHeivoerdespanddande HyliddbTd wo r k .
what they thought were theinproblems with current tidal predictions, for example

that they were particulaggor for shallow water port$his was an issue identified

111 proudman; Josegh8881975) Elected 1925, FRS Certificate of a Candidate for Election, see
http://www2.royalsociety.of@Serve/dserve.exe?dsqglni=Dserve.ini&dsgApp=Archive&dsqCmd=Ima
geView.tcl&dsqDb=Catalog&dsglmage=EC_1925 11 §styaccessedhine 2010.

112 Jones, "Science, Utility and the 'Second City of the Empire™.

113Hull, "Passwords to Power".
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fromWarur g6s wor k on predi ¢'tintiese lettedslgdior acy du
tried to i Kkfswgesting i shoull Warkson tWwenigsues with predictions

identified by Warburd'l took them up on their suggestions, but not liteFalty

example, Whaurg explainetb the Hydrographer in 1920 that he had told Proudman

t hat he disagr eed iwdepthanalysisdas hethbughtdewlyno f p o |
tides had too little shallow water effects to provide a good basis feaysof

calculating thiides, but TI continued working on Newlyn tideg/ithout paying for

the workHydro tried to influencé | 6 s t i doditlits aweageada and to some

extent achieved this aim

Aboutthet i me of TI 6s establ i s h meHydrogaphier e wer
Office regarding the quality of tiaat predictions they purchased. When the India

Office moved its tidal predictor machine from NPL in Teddington toiimaig20,

Messrs. Roberts & Sbecaméhe onlyexternaprovider of predictions tihe

Hydrographic Offic&’? Several staff at the Hydrographic Office discussed whether they
shouldpurchaséheir own machine and take at least some of thiataltsin-house.

Doing ths wouldpreventMessrs. Roberts & Séom becoming a monopoly aat®

reducdk he governmentds dependence on privat e
increase the charges or reduce their services without WaButlyHydrographer

Learmonth and the Director of ScienfResearch, FE Smith, initially argued that

Hydro shold purchase tida predictor. HowevekVarburghenpaid a visit tdlessrs.

Roberts & SorHis report a part of which was quoted abwoveection 2.1,Yeduced
Hydrofds concerns about the qasuddenty of pr
cessationfgrovision sufficiently to put the matte hold fora fewyearsin addition

finance was an issue for Hyddoichinfluenced the decision to stick withssrs.

Roberts & Soi®This discussion further supports my earlier contention thatéHgdro

staff wee conceredaboutthe quality ofidal predictionat this timeHowever, dspite

theirfrustrationwith the state of tidal resdatch ey wer e not invol ved

MCorrespondence in folder OMachine testsé6éd, Box 1
Doodson, "Report on Harmonic Prediction of Tides."

115 Minute, 3 Jul 1920, H 4567/20, UKHO

116] have found no information on why the India Office moved their machine.

WwoProposal to establish an Admiral typhari de predic
Learmonth, 256May 1921, H4434/23, UKHO

118Documents in file HYD 587/1921, within H4434/23, UKHO

85



establishment and did not provide any direct funding to the yo&iitgvEs not even
mentioned in the debates regarding the supply of predictions

While my findings regarding Hydrods | ack
seem to support those who have argued thatahevas slow on the uptake of
academiscience, this is not hdwnterpret the situation. Instead, as aRbgal

Astronomical Sociegeophysical meeting tidesn 1918 they wanted to encourage
0scientistsd to work with O6practical & me]
TheNavywas keen to commuaie and coperate, but does not at this stage appear

to have even considered that financial supportof TIfroddath® s | i mi t ed r es
would be a way to do 88At thistimethere was nan obvious way for state and

science to coperate; insteaddtiorm of such coperation was up faliscussion

If anyone wasit was Proudman who was slower on the uptake of thenaaualfor

tidal research.dHlater claimed that he had not realised how bad the predictions were

seen to be by seamen until dftehad established TI, implying he had not picked up

on Hydrods compl aints '@owevergpsviedhwéurngoe op hy s |
it is clear that the complaimtsd suggestio$ Hydro and other seambke the

Booth brotherghanged | 6 s seaach prggramngewards one which emphasised

tidal predictions

2.6T Is BESEARCH PROGRAMME

Tl 6s research programme, as presented to
established. It changed frime theoretically oriented research progcteveloped

as part otheBAAS report whichadfailed to get funding, towardsesearch

programme which received fundirggn shipping men and was dlstuenced by TI1 &s

discussioswith Hydra'#*|

n TI 6s réport veritten byrProudadn and
Doodsonand presented both t o ,adKeyjsstificatiohforal an ¢

Tl 6s existence and f etddpredgtionegeneradlyslt d t o b

119pocuments in file HYD 587/1921, within H4434/23, UKHO.
120 Proudman, "Report on Harmonic Analysiad Proudman to DSIRM8ul 1919, DSIR 36.13.4, NA
121 jverpool Tidal Institutelidal Institute: First Annual Report, 1920
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thus a first example of hdlae patronage Tl received frefmpping meyinterestd in
tidal predictionsnteracted witltheir statedresearciprogrammé?

T | Birst Annual Repodonstructed theesearch probleof the Instituteby statng

that existing tidal predictiofexedseveral problems. Some of these problems had been
pointed outo themby Hydro, while Tl had identifiethers through their own work

Like Warburg had, theyentioned thafor a port such as Liverpool the existing tidal

predictions varied substantiabiyviea differentsuppliers of predictiosecongwhen

comparing predicted and observed tidal heights, using records from tidal gauges, the
were al so | ar ge dcaled resideals.dlesaw thie redustiomroé s e ar c |
these residuals as impottant o i ncrease the &6accuracyodo o
aspect of this was in turn to investigate meteorological effects, as can be seen from their
frequent mention in this programmatic st

Annual Repdr

In predicting tides we want firstly an accurate record of observations taken over
a number of years; secondly, an accurate analysis of the record so as to discover
the laws which the normal tide follows and to disentangle the irregular
meteorologitadighirdly, an accurate method of predicting the normal tide; and
lastly, a method of predicting the irregulateorological .effettis present time

these wants are far from being satisfied, but it has been the general opinion that
only the lasis serious. It may be remarked thatrieeeorological efaotst

well be investigated until we know accurately what the tides would be without

them!?

Tl 6ds r e s e a,acpneseptadats potantaineand actual patramgs First
Annual Reporthus emphasisedtcuratéidal predictions. In order to predict tides

more accuratefyredicting meteorological effects was seen as a key task.

Tl 6 s o0 b | efcaursawidesthashaticavered bihe abovejuote: the
| nstitut e d@ssdeatificnesearsteimtoetides, to train students in applied

mat hematics, be a oObureau of organised i

122 More examples of this will follow, especially in chapter four.
12Emphasis addetliverpool Tidal Institutdidal Instituteir§t Annual Report, 1928.
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commercial researéhWhile their research programme itself was wider and included
work not directly linked to pietions, it is clear thtéte way in whicRroudman

framed the needs for the wahangeds his audience changed. \hiipping memas

key p&rons and in collaboration with Hydre, tow emphasiséige importancefo
improvingtidal predictions for the @®f shipping that he hadeéniedvere necessary

when writing the report to BAASBth Lamb Within this research programme the need
to study storm surges was emphasised, which illustrai@siahgathe study of storm
surges at Tl was not linked to flowy but to a wider programme of increasing the
accuracy of tidal predictions. The next chapter will look at how TI tried to implement
this research programme

2.7 CONCLUSION

This chapter hamalysetdlow Tl was established and has introduced somis efrly

patrons: Proudman, Liverpool University, BAAS, the Booth brothers and MDHB, and
also discussed the role of Hydro. TI0s i
academic and industrial intesewith theNavyproviding Tl with the resourod
researchideag/hi | e TI1 6s heavy reliance on indust
Liverpool University, as at other similar universities in England at the time, it makes TI

a relatively unusual case in the history of physical oceanogpiapthas focesion

naval patronag&he First World War was an important background factor for an

increase in interest in tides and oceanography generally, as it had cut off the supply of
tidal predictions, led to congestiopamts such as Liverpool aseken the usef
submarinesHowever, whilthe Navywas neithedirectly invéved in the establishment

of Tl nor providel funding, fairlyquickly it became involved in the definitiol@f s

research programme.

In relation tathedebates regarding the role of the Fifstld War in increasing state
involvement in scientificresearshy ch  an i ncrease was not ob
establishment. The BAAS plans were not given state funding and in the end Tl relied

on industrial f undi n g byhistorian meéds to bedraneed t h e

differently. It was not so much whether the First World War led to increased state

124]hid., 5.
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support of science in general, but whether it led to increased interest in and support of
particulatypesf research. That it certainlg:dhe TI that eventually resulted had a

research programme that was focused on tidal predictions, instead of the more

theoretical programme pictured as part of the progsedetic Instituteand this was

l inked to Hydr ods c drantteerBaothswhichdh tuthavasT | 6 s p
linked to the efficiency agenda prompted by the war. In addition, the border between a
patron providing resources and a-patron is not straightforward. While Hydro

neither provided finance, like the Booths, nor sliee#)e university, it did provide

assistance with research topicsAs we wi |l |l see in chapter f
grow from this beginning, as it explored various waysopecating with Tl and

influencing its work.

89



CHAPTER3(192023),TIDAL PREDICTIONS AND

PRACTICES OF CALCULAION

The previous chaptdn@ved that the key argument Tl usegdetifunding was that its

work woudl increase thaccuracy of tidal predictions. This increase in accuracy had to

do both with mcreasing the accuracy of periodic tidal predictions and with providing
6correctionsd to such predictions to acc
chapter argues that Tl attempted to increase the accuracy of tidal predictions by
introducing ne practices of calculation, such as new types of mechanical calculators

and statistics. According to TIlI®&s resear
Arthur Doodson for example, claimed tln was introducing a new way of calcuating
constituentsvhich was faster and more accurAgAndrew Warwickas suggested,

such changes in the praesiof calculations to increase accuraeg a historical and

contextual explanatiéi context for these changes was provided in the previous

chapter: TI'svork to introduce new ways of calculating tidal predictions was set in the
context of the First World War and a shipping industry increasingly using larger ships.

In addition, their new ways of doing such calculations were inspired not only by

scientific vark but also by ballistics calculations done by Dopdsohl 6 s secr et ar

during the war.

When offering himthejobst cr et ary, Joseph Proudman | i

or skills to the future patronage of TI:

When the number of years [of funding fitbe Booths] is up (and possibly
before) the work done will be reviewed and if it is considered to warrant it, an
attempt will be made to fund a permanent institute on a larger basis, by
appealing to the remaining ship owners of Liverpool. From what bkttuav
subject and your ability | am certain that if you come now the thing will be a

success.

1 Doodson, "ToAssist Works on the Tides," 218.
2Warwick, "The Laboratory of Theory," 317.
3 Proudman to Doodson, quoted in Doodson to Galloselyeb 1919, Doodson papers
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The future of the institute, especially its ability to get funding, thus depended on it
showing it could i mprove t heshippmgur acy of
industry patrons. This linked patronage to the practices of calculating tidal predictions.

Warwick has argued timaw technologies of calculation enabled the application of the

new nineteenth century mathematical analysis both to the nesdestland military,

and to scientific workHis short piece on this concentrates on technologies of

calculation such as table making and does not provide a detailed case study of how a
particular oproblem of generwasaffeatedbyn umber
these developmerit$his chapter providesuch a case study, showing how the

industrial and military setting outlined in the previous chapter came together with the
practices of calculation Doodson learnt during his early career, ¢ohdvartige

particular problem of generating tidal predictions from harmonic theogneas d

order to make them moaecurateThi s was a key part of Prou
i nstitution building for TIlI. Tdadjjousti fy I
convince others that the work they did needed doing, which they did by arguing that
earlier met hods we rGeaemdgbobdayohascnadercleattee en o u g |
definition used by scientists and others of 'accurate enough' often changes over tim
oWhat counted as accuracy was what const|
particular purpose to be undertaken within existing contextual constraints of money and
time to the satisfactions of relevant audiéidéss applied not only farecision

measuremenbut also to precision calculatioigh arguments weaésonot only

about science but also about patronage fromisthistral and other actars

3.1ARTHURDOODSON AND THE PRACTICES HE BROUGHT TOTI

| will begin this chapterbynt r oduci ng Tl 6s key workers,
(18901968)and then the computers. In 1913 Arthur Thomas Doodson was one of
Proudmanoés first research students, whicl
in 1919 Proudman was Director sthéllso holding down other posts, while Doodson

became the senior ftilne member of Institute staff as Secretary. | will here describe

4Warwick, "The Laboratory of Theory," 313.
51bid., 344.
6 Emphasis in origindooday.The Morals of Measuret68nt
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Doodsonds career before he started at TI
deafness and religion, usetteks from him as a primary source. While obviously one

sided, these letters provide a contextual understanding of the skills he acquired during
his early career which help in understan:
went about trying timcrease the accuracy of tidal predictiblis skills were in

precision engineering and the useeasfiranicatalculators, as well as in doing statistics,
applied mathematics and manual calculdtionsrms of research, his key skills were

those of oganising mathematical problems in a way that was amenable to manual
calculations and then organising and managing these calculations; skills he would later
use at TI.

Li ke Proudman, Doodson was not from a pr.i
for a ime a cotton mill manager, but had problems with employment; attendant

financial difficulties meant Doodson could not attend full time secondary school. Again

like Proudman, he was a papédcher while also doing kadlys and evening classes

various shools inLeigh and Rochdale outside Manchéstérally Doodson wished

to become a teacher and started studying sciences at Liverpool University in 1908 while
also training as a teacher, but as he became seriously deaf while a student he could not

pursie this career. He gained a first class B.Sc. degree in 1911 in chemistry and

7Much of the biography | present here is based on letters Doodson wrote tetdrisenifi@argaret

Galloway. In 1954 Doodson collectegether some of these letters and put a selection into a folder

which is now part of the Doodson papers at Liverpool World Museum. The selection is far from

complete (often only part of letters have been preserved) andsatectel. It is clear fnosome of

the notes he has had added that the selection he made concentrated on his scientific work, but it also
covers his early career in some details. There is little on his relationship to Margaret or e.g. religion,
though the letters discuss somegmaismatters such as finance and his conscientious objections to the
war. The same folder also contains a few letters to his university colleague Nightingale.

Some caution in the interpretation offhaloodsonds
wanted to present his work in a good light to her and in extension to her parents, to convince them he
was progressing in his career sufficiently so that he would eventually have the income it was felt he
needed in order to marry Margaret. Howeugle the introduction of new practices of calculation may

not have been as smooth as Doodson told Margaret, he did progress in his career during this period and
it seems likely that it was his skills in organising and managing calculation thairedgedidtly as
biographies of him (e.g. his FRS one by Proudman) similarly emphasise his skills in this area. The letters
to Margaret provide the best available evidence of how Doodson acquired these skills. They also offer
some insight into these kirafgractices and how Doodson worked.

8 While Doodson used his skilidight engineering and precision measurements at Tl e.g. in redesigning
tidal predictor machines, they are less relevant to the argument and will not be emphasised. For
something aboutow he used these skills,Beedson, "TidePredicting Machines."

9 Doodson Personal Information File, section 6, RSA
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mathematics and then studied for an honours degree in mathematics which he gained in
1912 (also first clas$).

Finding employment proved difficult with his disability but hieedidirst as a meter

tester at Ferranti in Hollinwood from late 1912. Doodson there setesooung

electrical theoyrough self study, formal classes and by discussions with a superior.
About a year into his post he claimed to have been ablenteterausing this

knowledge of electrical theory, and also to have been able to successfully defend his way
of fixing the meter to the Head Tester, who had not initially believed Doodson did it
correctly! Self study and long hours were a key part irDoodson acquired skills at

this point.

Money was very short for the Doodson family and he had run up debts while attending
university so Doodson was continually looking around for better paid oppottunities.

In the summer of 1914 the managers at Fehnahtbeen asked to recommend a

person for a post at Manchester Corporation and Doodson was nothatsidrted

work there in August at the Testing and !
and instrument tester 6 @mmndofthéeveafl ed t her e |
Doodson found the work at Manchester Cor |
as it was |l ess routine and involved opl el
taking them to parts and calibrating them to™fl@ r cent accur acyo. I
of testing the candle power of lamps and how they distributed light, whilst also

calculating the results of all the testing and doing other work such as experimenting on

meter discs.

At the same time as this precigesting and standardisation work he was also working
on precision calculations. In 1913 he registered as a part time research student at the
Department of Mathematics of the University of Liverpool where Proudman supervised
him. Here his skill in orgamigicomputations started to be developed whilst working

on RiccatBessel functions and on tables of sines and cosines of radians, and he was

10 Proudman, "Arthur Thomas Doodson, 1-3968."

11Doodson to Ghoway, 9Dec 1912 and oprobably October 19136,
12Doodson to GallowaystBpr, Bt 1¥.and 18 Mar 1914, *Jun 1914, Doodson papers

13 Doodson to Galloway, 14 20" Jul 1914, Doodson papers

14 Doodson to GallowaystAug & 14h Oct 1914, Doodson papers

15 Doodson to Nightingaled®ec 1914, Aug 1915 Doodson papers
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awarded a M.Sc. degree in 19Méodson sent these tables to the BAAS committee
on mathematical tables, at tmsetiorganised by John William Nicholson, which
published them and offered him a place on the committee which he took up for two
years in 1915 and 1918lis calculation work, often done while travelling or during
lunch breaks, here gained him entry tomeHievel networks of professional
mathematiciaris.

Fol |l owi n g wbrk DBpodsba contieudds collaboration with Proudman

doing calculations to produce tables and graphs relateat they called the

Diffraction Problemor more formallyhediffraction or scatteringo f a pl ane

el ectromagnetic wave by a perfectly cond
1914 and into 1915, in preparation for publication by the Royal ‘Stcietyers to

Margaret, his wif®-be?° Doodson explaied howhe introduced new practices of
calculationsnot included by Proudman, to make the work more accurate by for
examplentroducing checksn the arithmetical procedufe$hese practices of

calculatovaswh at made Doodsonds worHewrdtetbf er ent
Margaret that he was Oastonished to see |

as he had oOsucceeded in making the compol
amplitude and which can t husvebesolvaldhei | y g
curves into simpler c¢omp@ohséonesxampleiofch sho

16 Proudman, "Arthur Thomas Doodson, 1-8968."

17 Doodson to Galloway, tdMay 1914, Doodson papers. For more on the Mathematical Tables
Committee, sedartin CampbeKelly and Mary Croarken, "Beautiful Numbers: The Rise and Decline

of the British Association Mathematical Tables Committeel 987, IEEE Annals of History of
Computir,no. 4 (2000); Warwick, "The Laboratory of TheBor.'more on mathematical tables, see
CampbeiKelly et a].The Histonf Mathematical Tables

18 Praudman, "Arthur Thomas Doodson, 18958."

19 Doodson to Galloway, 2Qul, 3 Aug, 17 Dec 1914, XMar 1915, Doodson papeilsseph

Proudman, Arthur Thomas Doodson, and G. Kennedy, "Numerical Results of the Theory of the
Diffraction of a Plane Electragnetic Wave by a Perfectly Conducting SpRai®Sophical Transactions

of the Royal Society of London. Series A, Containing Papers of a Mathematic2l @(I2Hy3ical Character
20 Margaret had been to school and university with him, studiezesmi mathematics, helped him with
calculations, created paper versions of slide ru
Doodson to GallowayMar 1916, Doodson papers

21 Doodson to Galloway, 2Qul, 3 Aug, 17 Dec 1914, XMar 1915, Doodson papers

22Poodson added that he did not have time to give details. Doodson to Galtouary 1915,

Doodson papers
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Doodson practicing the skills involved in going frohenaatical theory to
calculation, in this casevgrkingout a wayto dividecurves into constituerifs

Through 1915 the war became an ever bigger concern for Doodson. He had been

deeply religious, as was Margaret, since about 1914 and was an active member of a local

church. This church was part of o0The Chul

Godb, a splinter group from the Plymouth
Christian group, often socially conservative and separate from other free ¢hurches).
Despite joining recently his religion had a great impact on his life and meant he was a
conscientious objector to the war. Doodson wrote to his taerestNightingale in
August 1915 that onothing will drive me
in any shape or formé and o0om¥yAsai ews ar e
conscietious objector, but also referring to his deafness and scientific work, Doodson
was brought in front of the local conscription tribunal in March 1916. After rough

treatment he was eventwually given oOabsol

E

thecond t i on t hat he must d&® work of Onati on

Doodsondéds search for more interesting wol

to enable him to get married, continli®®lhen Karl Pearson at University College

London advertised a post involyistatistical work Doodson applied and received an

encouraging reply. Whirelated gbvweramestaworkd s | abor

Doodson assumed this was medical work, which he could not object to, but he did not

think he would be accepted because @bhiscientious objectiofiddowever,

23 Much later Doodson published a version of this method of smoothing numerical tatbsirsee

Thomas Doodson, "A Method for the Smoothing of Numerical TabhesQuarterly Journal of Mechani

and Applied Mathenties. 2 (1950).

24 Proudman, "Arthur Thomas Doodson, 1:8968."See also John Rylands University Library,

"Frequently Asked Questions, for the Christian Brethren Collections,"
http://www.library.manchester.ac.uk/specialcollections/collections/brethren/faq/#d.en.111853

25 Doodson to Nightingale, 4th Aug 1915 Doodson papers

26 Doodson to Galloway, ®3\pr; 4" Mar 1916, added notes dated 195428 1916, Doodson

papers. In a 1954 note he explains that the tribunal refused to deal with him as a conscientious objector
because of the subsidiary grounds and that he was treated roughly and called names. He writes that his

case was mentionedtwiceipar |l i ament. For example he was calle

by one member of the Shaw tribunal and this was referred to in Parliament as an example of poor

treatment of conscientious obj ect d®l6l 9iln7 6t,hedCTr i b

Deb 16 March 1916, vol 80, c2435,
http://hansard.millbanksystems.com/commons/1916/mar/16/agsymated91617#column_2435
Accesed 18 Jan 2010.

27Doodson to Gallowayth®ec 1915, Doodson papers

28 Doodson to GallowaystDun 1916, Doodson papers
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Doodson was offered the post, the tribunal agreed for hirf? amdde began wosit
theD r a pBiométrc Laboratoriy late Septembér.

Initially he liked the workind the ways in which he worked was praiseduaastadzy
Pearsonas Doodson gave the results of a particular calculation to eight figure accuracy
whee others had given six figuuesg the interpolation method he had developed

when workingn the Diffraction Problenwith Proudmani* Howeverjn December

Pearson told him that the laboratory was likely whbkyturned over to defensive

war work, such as calculations foraintraft or artsubmarine defence, and if he did

not accept this work he would have to leave hid*Jdst. wasrelded work gave
Doodson the feeling that his oOhands were
his letterso Margarehe seriously considered refusihtpwever, he would have had
difficulties finding another post as a conscientious objectortite sort of work he

couldand wanted tdo 8 he seems to have become involved in the work at UCL

quicklyd and in the end decided to stay. While he in his letters claimed he was also
doing the more Christian thing by honouring the promise he had haddadgiaeson

before getting the post to do whatever work he was given, and claimed to take comfort
in that the fellow Brethrens he consulted agreed with him that he must keep his
promise, it seems likely that the prospect of unemployment was as greata@r a gr

part of his decisiotiPerhaps being awlgm family and old friends in London

loosened his resolve as a relatively new recruit to the*¢hurch.

Il n 1917 Pearsonds | aboratory was turned ¢

for the AnttAircraftExperimental Section (AAES) of the Munitions Inventions

29 pearson has been described as sympathetic to Quakers and their hardship, which may have had
something to do with him taking thégielus Doodson ol heodore M. PorteKarl Pearson: The Scientific

Life in a Statistical Kpeford: Princeton University Press, 2004), 250.

Whil e Magnell o emphasises the differetogess bet we.
the Galton Eugenics Laboratory and the Draperos
statistical rather than eugenic work, Doodson did not differentiate between the two in his letters. The
differences may have been blurred by theas®ie warworklagnello, "The Noorrdation of

Biometrics and Eugenics: Rival Forms of Laboratory Work in Karl Pearson's Career at University College
London, Parts 1 and 2."

31 Doodson to Galloway, summer and autumn 1916, espetialigv11916, Doodson papers

32 See alsMagnello, "Karl Pearson and the Establishment of Mathematical Statistics."; David Alan Grier,
When Computers Were HOxfard: Princeton University Press, 2005).

33 Doodson to Galloway, 24an 1917, Doodson papers

34 Doodson to Galloway, December 1916 and January 1917, Doodson papers

35He did however remain a member of the church for life, even when Margaret diesbyathing

which Proudman described as limiting his soci&rtiiggdman, "Arthur Thomas Doodson, 1:8968."
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Department® The practices of calculations used gradually changed during this year.
Many of these changes in prastigere instigated by Doodson, sometimes in

collaboration with colleagues, afisputesvith Pearsorin February the staffas

smoothing values in double entry tables produced as part of the ballistics work.
Doodson had suggested using his method frobifiinaction ProblemThis usedhe
differences between values in the talpeouced f a mi | i e@néforthe cur ves
vertical and one for the horizontal aspect of the &fidethen smoogdthe table by
comparing the values in it to these cuintssmethod minimised differences between

the values to be smoothed and a funcesived from those valu¢sowever, Pearson
suggested a slightly different method applied to only one direction of the table. Pearson
found his own version of the method natrth the trouble and suggested abandoning
Doodsonds met hodmentt eadi ng to a disagree

At this point Doodson described the war worgcathing terms:

The work goes on in a silly fashion, curves are drawn with [sudis ésr
drawing curvesonsisting of a flexible strip of material that is fastened down
that have natural kinksthrhem and t hen read OG6accurat

wonder the final results need smootfing!

As part of his spat witheBrson, who was unusually badtem s time according

t o Doods oB*®so ocdoslolne asguugeg e st ed t o oO0graph no
function minus its first approximatiobie c | ai med t hi s woul d i nc
|l east 10 timesd based otmeDifiracson Rroblend®r i ence
Pearson did not agree withotitA WYoungone of Doodstoedibs col | e
and liked the methodogether the two developed this marmarical, less graphical

method based on interpolation to calculat¢atiies for the war work, e.g. of

coordinates, over the year. Only\wadually diBearsorwrome round to the methpd

36 For more on the work of this Section, 3s®e Barrovsreen, "Planes and Pacifism: Activities and
Attitudes of British Mathematicians During WW1," Gresham College with British Society for the History
of Mathematics, http://www.gresham.ac.uk/event.asp?Pageld=48&E®4 6 ; Michael Pattison,
"Scientists, Inventors and the Military in Britain,-191%he Munitions Inventions Departme8gtial

Studies of SciEBcro. 4 (1983); Meg Weston Smith, "E. A. Milne and the Creation of Air Defence: Some
Letters from atunprincipled Brigand, 191819,"Notes and Records of the Royal Societitphbofdon
(1990).

37 Doodson to Galloway, tdMar 1917, Doodson papers

38 Pearson was known to be difficult to work with at the best of timBsrwdlarl Pearson: The

Scientific Life in a StatisticaltAge

39 Doodson to Galloway, tdMar 1917, Doodson papers
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with lots of arguments. However, towards the end of the year, especially after
complaints irDctober 191Tegarding the accuracytalbles produced with the old
methodfrom the users of these AAES,Doodo n 6 s met hod was wused

more*°

Doodson was gradually and informally promd&tedrson would sometimes let

Doodson take charge of the work, as in November 1917 when all the staff were

working under his direction on developing a numeriegbolation method, but

sometimes Pearson would insist that his own methods BeAithi point Doodson
claimed the changesinmt r oduced made the work quicke
accurate, partly as his method was numerical instead of graphical

We are exceedingly busy at College, just finishing a gun off by a new
interpolation method | developed. There will [be] no necessity for any drawing
work at all, and the method is a very good one, giving results correct to 0.1 foot
easily where drawiags sometimes out by 10 or even 20%eet.

While Pearson woustbmetimestill do the theory of a problem (i.e. turning it into

solvable equations), tigenleft the planning out and organising of the work (i.e.

dividing the solvable equations into smpdés organised onto documents that could

be used by the computers) to Dood3dris emphasises that Doodson's key skill was

that of organising calculations, which included such things as being able to lay out the
work clearly for the otheomputeraindwrite neatly* Doodson claimetis method

to dothe ballistics work wasmu ch mor e accurate than the
far more expeditious, [and] needs only a short table (I could get it on this sheet of
paper) in place of a large volumeabfas*! It was these practices of calculation,

speeding up the wodhe claimed by five tinfed and making the calculations enor
daccur at e 6whatevergas condideredéne e b oval ue, ) )however

that enabled him tslowlyrise in the ranks at UCL.

40 Doodson to Galloway, spring to autumn 1917, Doodson papers
41 Doodson to Galloway, 28Nov 1917, Doodson papers

42 Doodson to Galloway, ®®Nov 1917, Doodson papers

43 Doodson to Galloway, 2%Nov 1917, Doodson papers

44 Doodson to Galloway, ®%ct 1917, Doodson papers

45 Doodson to Galloway, 28Nov 1917, Doodson pars

98



The devel opment and usage of Doodemonds m¢
continued in early 1918. late January the Director of Ordnance at Woolwich paid a

visit to UCL to find out abowne of the methods Doodson hdelelopedhe small

arc method. The Director was ogreatly inf
written up for him. Dodson wrote to Margaret thainy] reputation is made as far as

smal | arc met I doveveriDoodsomwas feeling lessléssihappy

with Pearson, was concerned about his future prospects and still felt that the war work
stained hi m: 0This kind of work can nevel

cer tai né.

This state of affairs continued until late March, when Doadss asked whether he

would take over the managing of the AAES work as Pearson was stepping down.

Initially he was minded to decline the post for conscientious reasons, as he would work
directly for the Munitions Inventions Department, but in the eegtadcthe post.

The only indication why he decided to accept despite his conscientious objections is

t hat he was oO[r]Jeconciled in measure to |
with the protecti on “‘“Offierewerestl obettergai nst Ze |
conditions elsewhere, even if he could have found another job. Again, the threat of
unemployment, enjoyment of the work and perhaps distance from his fellow Brethren,
combined with an awareness that this post would be a major step upeethis ca

appears to have overcome his conscientious objegjanst the work

As Director of the Computing Branch of A,
computations and tables respectingaarttiaft gunnery and a staff of about 15

c 0 mp u t>HrhecAABSAvork continued until the Armistice and beyond. Doodson
continued to develop addstributehis methods, eoperating with Archibald Vivian

Hill (the head of AAES), RalphRéwler and other mathematicians, many of whom

were or became FRS and hadectmnnections to Cambridge mathematics (often with

Trinity College P r o u d ma Whis gav®oodsdn eogreections to the

46 Doodson to Galloway, 22Jan 1918, Doodson papers

47 Doodson to Gallowayth4-eb 1918, Doodson papers

48 Doodson to Galloway, 2Mar, 5 Apr, 1918, Doodson papers

“YDoodsonds Personal I nformation File, section 8,
50 Faculty of Science Minutesh Feb 1923, S3025, LUA. Comparier,When Computers Were Human

133.
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Cambridgdocused personaetworksn mathematics th&roudman had entered
through his studies

After the Armistice Doodsonds team was e\
team was offered to continue working most left the military soon after the war.

Proudman offered his former student Doodson the post as Secretary at Tl in early

1919, which Daadson quickly accepted. He started work at TI and married Margaret in

April. He refused to be put forward for an honour, which many of his mathematician
colleagues received, as it was for war work. He was however keen to make sure that he
and his team weaotearly referenced and quoted in publications suchTaxtheok of
Ballistiggroduced in 1919, to make sure they were given their due credit for the

methods they had developethis and his decision to accept the promotion to direct

the ComputingBranh of t he AAES il lustrates the t¢
conscientious objections and his career building strategies. It is clear that Doodson had
strong conscientious objections but he also saw that he and his colleagues needed
recognition for their wordo further their careers.

Before starting at TI Doodson had no experience of tidaP{trkguring his early

career he had acquired a range of skills including in precision measurement and

precision calculation, and above all skills in organisingxaalgulations. These skills

had enabled him to rise in the ranks during the war and later this chapter will look at

how he used these on a particular computational and mathematicaldptiwdat erin

tidal prediction$ but first other workers at Tl andrse of their tools will be

i ntroduced. Both the workers ana their t

increase the accuracyidél predictions through new practices of calculation.

3.2T Is GOMPUTERSCALCULATING MACHINES AND WORKING PRACTICES

AtTI Doodson was from very early on assi s
computers were usually female and school leavers, though the first computer was Miss

A L Cooper who wunusually for TI®&s comput

51 Doodson to Galloway, summer 1918 to February 1919 and 1954 notes, Doodson papers

52 David Edgar Cartwright, "The Historical Development of Tidal Science, and the Liverpool Tidal
Institute" (paper presented at the conference Oceanography, the past: Third International Congress on
the History of Oceanography, Woods Hole, Miassatis, USA, 1980).
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Doodson for avhile in London during the wéin 1921 a second computer, Mis§¢ S

Lowry, was added. The staff then remained the same until Miss A Ainsworth was added
in 1926 and Miss D Dood in 1927, which correlates with a rise in tidal predictions done
by TI during his period which will be discussed in the next chapter. None of the three
later computers had degrédeésater the number of computers gradually increased,
reaching 13 women in 1959.

Tl 6 s c ofiMgehind sheess afteresheets of numbers, grapbsh@naalculations

0 a mgor part of the Bidston archiddut there were obvious and clear status and

gender divisions at Tl, separating outdéksearchers from the computédoyce
Scoffield has descri bed herlo9Asyite.ijustafteas a |
the end of the period covered by the the:
tidal prediction machines, to firetheconé c| ock gun, to do o6di f f
smoothingvork checking tidal predictions] and to neaiftee for everyone and

prepare lunch for the male sbaffin other words, the computers then did a mix of
scientific work, gener al administrative
comment that t he 0 doisrhootRidderedictiomnsgwi@re based h o d s |
on work Doodson had done during the ¥&he also described some of the processes

and practices involved in doing predictions: setting up the tidal predictor, running it

while taking down the results, checking these resulté usingf f er enci ngd ( wh
i nvolved cal cul ations, checked by a more
graphed the figures), writing up and photographing of the predictions. All in all she
estimates tharedictinghe tides for one port ¢ four daysor several peopl

total 30 people hout$While there will have been changes to the routines over the

years, especially in regards to the copying of the final results, her work will have been
similar to that done by the female computers in the s 49 mechanical tidal

predictors were still used in the 1960s.

53 See e.g. Doodson to GallowayJjul 1918, Doodson papers

54 LiverpoolTidal InstituteTidal Institute: First Annual ReportLigtPool Tidal Institutdidal

Institute: Second Annual Repaort,idé@pbol Tidal Institutdiidal Institute: Seventh Annual Report, 1926
(Liverpool: University of Liverpool, 1926); LieetTidal InstituteTidal Institute: Eighth Annual Report,
1927(Liverpool: University of Liverpool, 1927).

55LOTI, Annual Report 198%erpool: C. Tinling and Co. Ltd., 1959).

56 CompareSteven ShapiA, Social History of Truth: Civility and Science inCavanydemdgfand
(London: University of Chicago Press, 1994 ), ch 8.

57 ScoffieldBidston Observatory

58 |bid., 275.

59 |bid., 225228.
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The computers and Doodson used various calguéadls from the staaihd Tl

acquired ¢ first tidal predictor in 1924, with another added2@ A@art from such

specialised calculataigs Tl used general purpose calculating machines. By 1935 TI

had fiveone second hand Tate Arithmometer (bought in 1919), a second hand

Muldivo (bought in 1921), two new Comptometers (one bought in 1921 and another

one in 1931) and a new electrical M@adculating machine (bought in 1925). In 1935
Proudman argdethat Tl needed to buy a new calculating machie#iciency

grounds, claiming that the old seebadd ones were inefficient as they were liable to
error and of 0 pr jamaoperator esing opepoktiset canmotrdad  t h a't
nearly so much work in a given time as he could if he were using a more efficient
machiné®l n response to Proudmandés request a
No. 38 calculating machine was purcia3éus enphasises both the importance

given to calculating machines by Tl and also how Proudman linkedogrecand

slow machines to inefficiency, i.e. lower output of Werkrgued tha more accurate

(less erreprone) and fast machine equalled more efficient work, which in turn meant

the worker could do more work, so fewerkers needed to be employed. This
argument <clearly worked on TI dsthgovernin

purchase of machines.

There is some debate in the secondary literagaelinghe extent scientists

employed mechanical calculators in the early 1920s. According to Mary Croarken
calculating machines, like the Brunsviga, were not commonly sedtlsgs until at

least the middle of the 1920s, which would mean Tl was an early adopter of such
machine& On the other hand, according to Warwick scientists were using mechanical
calculators widely by the turn of the cerdandPaulHughes has idefiéd the use of
arithmometers by British tidal researchers in the nineteenth.Zafowgver at the

ti me of TI Gk tidalpredictioh compgamesansRobertst Sondid not

60 Proudman to Robertsd®ct 1935, D/BO 3/3/1, MMMd North Street. Note how Proudman

genders the operator as male, despite most of TI
61 Doodson to Secretary,"2@ct 1935, D/BO 3/3/1, MMM- North Street. Tl continued to purchase

different calculating machines throughout the period covered by this thesis, e.g. a comptometer in 1948
(Doodson to Mountfield, 3QJul 1948, D/BO 3/3/1, MMM- North Street).

62 CroarkenEarly Scientific Computing in, Bhta&2.

63Warwick, "The Laboratory of Theory."; Hughes, "A Study in the Development of Primitive and

Modern Tide Tables", ch 10.
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use theni® Pearson has been identified as an early adopter latinglecnachines, by

both Warwick and Croarken, and his students clearly took after him regarding the use

of suchmachinésLi ke anot her of Pear sol85)swhédi sci p
introduced mechanized computation at the Nautical Almanac Déicksonseems

to havere-introduced mechanized calculators into English tidal s€i€heg.

adoption of such machines were also part of a wider increase in the mechanization of
calculation and information processing at this time, idbn Agahnas ben linked

to the sort of moder ni s at ledodoringatmedrirse f f i ci e
World Waf"Pr oudmands argument that a computer
machine could do more work is an example offtiesiseof mechanical calculators

was one of the ways in which Doodson or g:
increased thedata processing capabilities.

The photograph in Figure 3.1 illustrates
have beestaged to show the range of work Tl did, probably for some promotional
literature or an article about them, and portrays Tl as an efficient and orderly scientific
computation office. Doodson and Dennis are posing, performing tasks deemed typical
orrepreent ati ve of TI1ds wor k. Doodson is wusi
surrounded by writing material, including a ruler to construct documents, and a waste
paper basket under his desk. The bookl et
Annual Rports. The computer is using another ruler, taking measurements from a

record, perhaps a tidal gauge record, which is being held down by a heavy stick to
manage the roll of paper. In the foreground another weight holds a large chart of what
appears to ke Irish Se%.In the background another desk has books on it and more
papers, which can be seen as symbolising
opposed to the measurements and calculations being done by Doodson and the
computer. A universityown is hanging in the background, signalling to the viewer that

this setting is an academic as opposed to a commercial or military computing operation.

64 Proudman, "Report on Harmonic Analysis,"84det hods, staff, etc. 6, part
to Hydrographer, 28 Sep 1921, in HYD 587/1921, within H 4434.23, UKHO

65 CroarkenEarly Scientific Comgpuri Britaich 1&2; Warwick, "The Laboratory of Theory."

6For mor e on Pe arPortenKarhPeatsord The Scertific Life i 8 Statigtiaal Age

6%For example i n A Boot h 0 sAganbhe Govedrnment Matfige war t i me
68 The larger scale original shows the outlines of the land around the Irish Sea ratheritisarer

impossible to make out what was on the sea area of the chart.
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Figure 3. 1: Doodson and one of the comput erthe Mr s Deni
Holt Physics Laboratonp®

Judging from this picture, the image Tl wanted to portray of their work was that of
organised calculations, with one task per table and with different people specialising on
specific tasks. While the chart is displayed to the camera hanging artriibhelf, th

even Doodsonds somewhat dishevelled col |l
is writing on a number of documents simultaneously, and thus operating in an efficient

and productive manner (or the papers may just have been disorgamnésed by t

photographer to soften the image and lead the eye towards the supposed result of the

69 Permission to reproduce in unpublished material kindly given by the ebpldeghtliational

Oceanographic Centre, Liverpool. The computer and the location has been idestiffeat BOC

Liverpool, but there is no further information as to its context. | thank J Eric Jones and the NOC

Liverpool library staff for providing me with a copy of the picture and allowing me to use it. As Mrs

Dennis started work at Tl in 1929, theuiis likely to be from the late 1920s or the 1930s given the

age of Doodson and Dennis. The empty bookshelves in the background suggests it may have been taken
soon after most of Tl and its possessions moved to Bidston Observatory in 1929, soeertiaps th

was taken to promote the merger of Tl and the Observatory (which will be discussed in the next chapter).
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posed work process: the chart). Everything is thus well organised, seemingly staged to
portray order and productivity. Tl is thus displayed as an efficient procaceamtdic
calculations, which would be a suitable image to put across to potential funders or
purchasers of tidal predictions.

Another issue that can be noted in tbupe is the physicality mithematical and

computational workivolvingdocuments. IDennis worked in the position in the
picture regularly she probably developed
would get inkstains from the fountain pen lying on the table. In addition, of note is the
physical materiality of documents: wegtgsieeded to keep them in order and they

need to be organised in particular ways |
papers (whether they were organised as an example of mathematical practice or by the
photographer to draw the eye) or the dootsmsirrounding the books on the back
table. While flat surfaces and documents
n at u Brrd Latoatyas argued, documents need material worktheo

comfortable office Latour refers to would soon give Dartrasl back and the roll of

paper would escape her control without the weight®oAdiding this materiality to
Latourds notion of chains of documents m:

howsuch chainare onstructed

This photograplprovidesa picture of how Tl worked and its setting, and literally

makes some of their computational work and workers visible, albeit in a very posed
manner. It well summarises this section by emphasising the importance to Tl of human
computers, mechanical caléagamachines and documents. Such calculating machines
were linked to efficiency by Proudman, and Tl was part of a group of organisations,
often with personal links to Pearson, who were keen to use calculating machines. While
the picture shows little of then-mathematical work at ®lsuch as how the

computers made coffee or the work involved in archiving docuitegrtsphasises

the physicality of mathematical work. In addition it tells us something about how TI
wished to be portrayesk an academicfieient and productive computational

organisation that achieved results. However, it does not explain the details of how TI
used practices of calculation to justify their work and funding by attempting to increase

the accuracy of tidal predictiomhis wvill be discussed next.

70 atour,Pandora's Hpp®8, 53.
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3.3ACCURATE TIDAL PREDITOIONS AND PRACTICESOF CALCULATION

3.3.1L ACK OFACCURACYAS AN ARGUMENT TO JISTIFY FUNDING

One of ly3ourées of miraling was BAAS, who provided £150 funding in 1919

for computer assance to dgidalcommittee chaired by Doodsoin order to justify
thefundinggiven to the committendused by TI, Proudman and Doodsmeded to

convince their audience at BAAS that they were doing necessary research, which boiled
down to justifying research on tigidictionsThisin turn meant convincing their
audience that Darwinds methods of tidal
accuratenough. To justify their funding and their research they used a rhetoric linking

trust and accuracy familiar to histes of precision measments?T| 6 s use of t|
term Oaccuracy®o was very | i ke that by pl
laboratories in the 1860s to 18&0alysed by Gooday. Like these physicists Tl used a
rhetoric of accuracy to argue fanding and support, but unlike them TI emphasised

accurate precision calculations, not measuretents.

ManyTI0 s r e sneeded o fugtifyedieved that tidal predictions were seen to be
6good enougidginglrgm his eadien BAAS report WitdtaceLamb,

this had included Proudman, bltwl e procuring Tl &s funding
research programme Proudman had changed his views. He explicitly admitted this,
claiming that after further work he had found existing predictions vadtmg\er,

his earlier view that the predictions were good enough for seamen was still widespread.
The responses tgoaper by Harold Warburg fradydrod s t i d,@hose warka n ¢ h

on tidal predictions was mentioned in the previous chapter, given to the Royal

Geogaphic Society in 1919, exemplifies the surprise some expressed at the need to
improve harmonic predictioidur i ng t he di s paper,@aMoE€C of War
Barton expressed O0shock to |l earn that thi
di sr e p chaiem@n of thehtadk, the geologist Sir Aubrey Strahan, was surprised at

the need for oOextreme accuracyo6 in tidal

1 Report of the Eitigirt Meeting of the British Association for the Advamuem€ardiff, August

2428 xX.

72 See for exampl@ooday, "Precision Measurement and the Genesis of Physics Teaching Laboratories in
Victorian Britain."; Goodayhe Morals of Measur&uokatfer, "Accurate Measurement Is an English
Science."; Hunt, "The Ohm Is Where the Art Is."

73 Gooday, "Precision Measurement and the Genesis of Physics Teaching Laboratories in Victorian
Britain.'; alsoGoodayThe Morals of MeasurdBenbte 77.

74 Proudman, "Report on Harmonic Analysis," 323.
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working with errors in periodic tidal predictions when meteorological factors could not
be predicted Another example of theewthat meteorological effects were a greater
problem for the accuracy of tidal predictions than the harmonic methoidstiusied

analysis and predictioames fromNaturen 1921. In an exchange of letfrsudman
arguedagainst the views AC Tennanta previous employee of MDHEhe lattehad
suggested that meteorological effects should be the priority of tidal research. Proudman
instead claimed harmonic predictions were not as good as normally thought and needed
work before meteorological effects could be dealtwith.

In this exchange Proudmaas not only arguing for tidal research generally and
specifically at Tl but al moodgdesratief yi ng T|
than meteorological effedtowever, Proudman only came to concentrate on analysis

and prediction aftdlrl was given funding from shipping men and advise from Hydro.

In the exchange Maturé’roudmarwasthusjustifying an initial research programme

i nfl uenced kofocub bnderiodic dideand defanglieg thifrom

accusations from Tennartid others thaksearch on this topias not necessary.

More generally, hi s was al so part of Proudman and
strategy. djustifyT | 6 s e x regdrck pragmmmeiand sundPi@udman and

Doodson argued that tlaecuracy of tidal predictions produced threxgting

methods was now insufficient for the needs of the ussushtidal predictionslhey

did this through a number of routes, sudAaso ud manés article in N
exchange there with Tennant, but | will here concentrate on how they attempted to

change the definition of the necessary accuracy in predictions through reports to their
patron BAAS.

In reportsofficially from the TidaCommitte¢o BAAS Proudman and Doodson used
a strong rhetoric linking trust to accuracy, arguing that current predictions were not
trustworthy as they were inaccurate and that further work by s@eémtisteerselves

d was needed on predictiohBor example, in his 1920 report Proudman tried to

dislodge the belief in existing harmonic analyses as bringer of truth and a high level of

75 Parryet al."The Admiralty Tide Tables and North Sea Tidal Predictions: Discussion," 329.

76 Joseph Proudman, "Ocean TidBsturel07(1921); "The Scientific Investigation of the Ocean : Need

for a New 'Challenger' ExpeditioNAturel06, no. 2653 (1920); A. C. Tennant, "Ocean Tidkgsite

107(1921): 29800; Joseph Proudman, "[Letters to Editor], Reply to Terdantr& 07(1921): 300.

770n trust in sciece see e.gheodore M. Portefrust in Numbers: The Pursuit of Objectivity in Science and
Public LifgChichester: Princeton University Press, 1995); Sh&uaial History of Tr@bodayThe

Morals of Measurement
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accuracy by critically analysing Darwinian harmonic analysis. He questioned how close
such harmonic analyses were¢otho b s er ved astronomical tid
found to what precise extent the purely astronomical tide at any station may be

expressed as a series of a reasonable number of harmonic canStisearsther

exampl e, he ¢ omp aminatidns of wieahougthtitofbé thersarmet det e
constant o6, finding t hafnthevaneourdiéostheat i ons |
constanthre so great as to prohibit any reliance being placed on the results of the
customary analysing processes appliesitom g | e Y’ Again, heswasttaking 0 .

about deviations, or lack of accuracy, stopping the oé®dtablished analysing

procedures frorbeing reliable, or trustworthy.

At the same 1920 BAAS meeting at which Proudman criticised harmonic analysis,
Doodson reported, equally critically, on the accuracy of existing harmonic prediction of
tides. He first argued that current harmonic predictions of the periodagidiede

satisfactory, given existing theory and methods of calcutgpitgmeterological

effects causing difficulties in producing olese betwegmredicted and observed tidal

level$® He then claimed that it wasfactwell known that préctions of the periodic
tdewermot O6accurate enoughodo: oOthere are per
and time of high water which are suffici
the distrust has led in many cases to the complete abandonment of the method of
harmonigredictiod®: Doodson explicitly linked inaccuracies, i.e. differences between
observed and predicted tides, to distrust, and this in turn to the use of tidal predictions.

As an example of the o0degree of ibeaccur a
unsatisfactorydé Doodson mentioned that t|
the high water was 16 minutes and for low water 28 minutes despite the analysis being
based on what he said was good®8iBtzodson also listed other problems, for

examje that predictions by different organisations gave different results despite using
the same harmonic constants: OWhere €& we
supposed to be authoritative, which differ occasionally by nearly a foot and on average

byfi ve inches in height, then oneds confi

78 Proudman, "Report on Harmonic Analysis," 323.

791bid., 327328.He here uses statistical error analysis, which Gooday argues was still relatively
uncommon practice in BritatBooday,The Morals of Measuréb&st

80 Doodson, "Report on Harmonic Prediction of Tides," 321.

81 bid.

82 bid.
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shaked® Doodson did not give any examples of any practical problems caused by
these issues, just that they were causing the abandonment of the harmonic method.
Improvingaccuracy was presented both as necessary and@ddeselfjoal of

scientific work to ensure the survival 0 |

By attempting to convince their listeners or readers that existing predictions should not

be seen as good enouglpu@man and Doodson wgustifying their research

programme andfunding | n addi tion, | i ke so many oth
increase accuracy, TI's calls for increasing the accuracy of tidal predictions should be

seen in the industrial and railjt context set out in the previous chapter. Their

arguments were also very similar to those of earlier physicists arguing for funding for
laboratories, but instead arguing for funding for mathematical r&éssaother

difference is that TI emphasised/vecent, poswar, achievements by themseland

not the achievements of th&ler scientific community over a few decades. They were

thus using the stereotypically modern argument of insisting dtevieabhapin has

call ed o0t he iontaiwe textd aod upon the/carefdl inspactiorhof

t e st i%rRor exaniple, Proudman gave a case where earlier workers had taken a
calculation shortcut which Proudman wantedetdiger to doubt the validity of,

pointingout thatWilliamThomson had stateédat the equilibrium principle should be

used to allow for othe changing idf!linat]
Proudman claimedthaten when it was | ater found t he
orbit é was notl iakkrciourdi pgi noi plhed eigtui was
treated as if it were&t Tidal researchemadtrusted Thomson, the authoriand

followed his advidaestead ofaking account dhe evidencéPloudmanwas arguing

this was not enoughn argumenw hi ch justi fied TIlI&ds choice

When complaining about the use of the equilibrium prifcmlelman was also
arguing that the ways the calculations had been done previously did not take into

account factors he deemed necessary and tag gdrdduce sufficiently accurate

83]bid., 322.

84 Gooday, "Precision Measurement and the Genesis of Physics Teaching Laboratories in Victorian
Britain.'; alsoGoodayThe Morals of MeasuréBenbte 77.

85 ShapinA Social History of TrR8LT hi s i s 6stereotypically modernd
been made throughout history by many new generations of workers as paatteftpésrto portray

themselves as O6moderndé and as i mproving on earl:
86 Proudman, "R®ort on Harmonic Analysis," 336.
87bid., 337.
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resultsThe chapter nowurnsto how T® s r e scleaagedttlie @racsices of
calculating tidal predictions and argued that their new methods produced more accurate

results.

3.32NEW PRACTICES OF CALOLATION: RESIDUALS AND ABACS

Tl 6s first step in justifying their rese;
existing method3he next step for them was to show they could do better, which they

did by linking the introduction of new practices of calculationreased accuracy.

Doodson had not only questioned the status of Darwinian harmonic analysis as bringer

of truth but also claimed that the methods involved were inefficient and cumbersome,
producing uncertain and scanty re§ildso o d swomnk @as linketb hisexperience

of running mathematical laboratories during thasvaell as his development of

methods of calculatiorle now took these new practices of calculation and turned

them on tides, and argued that the new prattides an increase in accuracy.

OverallD o o d sneetihdihgas one oihtensive analysis of tidal records, by which he
meant subtracting partial tides as they were deteanaedmining the successive
residue&’ As part of this work he alsodevelopedhe tidegenerating potential, i.e.
reworked how the harmonic theory had been worked out mathematically by Darwin
usingnew tables for the motion of the moon calculated by E W Browr1@A388

He linked work on the theory of harmonic prediction todoicing new practices of
calculationmakingthis a case study of the use of such practices to improve the
accuracy of the numbers generated by a specific theory, wiaislo wedapted through
this work™

| will concentrate on twkey aspects of Doodsbrs ~ menmhithdlitferentiateid
fromthatd evel oped by Darwin: Doodsonds empha:
methods otalculationD o o d sneethdi ®f analysing tides first removed major,

known constituents and then analyseddbkiduesr thenumber left after the known

88 Doodson, "To Assist Wks on the Tides," 234.

891bid., 217.

9 Arthur Thomas Doodson, "The Harmonic Development of theGétesratig Potential,Proceedings

of the Royal Society of London. Series A, Containing Papers of a Mathematicall@fdrighy&idal Character
(1921): 30829, quote from 305.

91 Warwick, "The Laboratory of Theory."
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constituents had been subtracted, for further constituents. Tkiesecomstituents

were then taken out and the residual agailysedHe claimed certain errors were
oproportional to the sdComecenwatingonihe sntalen st i t |
constituents found in the residwater known major constituents had been removed

could account for such errpespecially ones related to the presence of other

constituent® This linked to what Doodson thought anothgsartant difference

betwen hi s and Da rWhilerDarain mag nohhave agreedavgh. this

portrayal of his method, Doodson and Proudman suggestBdathratwmethddsdid

not account for the possibility of unknown or perturbing constitliégsvadecause

of Darwinds identification of a suggest e
in the previous chapter, and the lack, as Doodson portrayaahitilt checks for

whether there were othmnstituentshat might influence trenes found through the

proces$® Doodson and Proudmataimedti was oOgener al practice
residuals through the least square method in relationdolyi¢he large

constituents and then ignore the rest of the resitiBatsidman hattientified this as

a major source of error in anal y#mis, | ea
particular he considered this a problem with shallow water effects with speeds similar

to that of other constituents, as the effect might notdagated fully from the other

constituent®

To deal with thiproblemDoodson adapted Darwinds metho
residual s, claiming that working with re:
freedom possible in the detailaaf a | °YTe analyde fom particulaconstituent

Darwin hadaken valueat a given hour for each lunar dagl then averagéukse

values from thirty consecutive daystheéa used the 1&/eragesom one yedao

calculate constants A andwBiichwereused tcestimate the height of thenstituent®

This had worked in the case he analysed as the periods in the constituent was either a

92 Doodson, "To Assist Works on the Tides," 236.

931hid., 220, 23226.

% Proudman, "Report on Harmonic Analysis," 330, 332.

95 |bid; Doodson, “To Assist Works on the Tides," 220.

% Proudman, "Report on Harmonic Analysis," 333.

97 Doodson, "To Assist Works on the Tides," 236.

%BAs Darwin explained tihtebethesspeedds antideaimdegreBs perinGanp p o s
solar hour, and t to be mean solar time elapsing sofda®first day; then the immediate result of the
harmonic analysis is to obtain A anthB,heights (estimated in feet and tenths) such that the height of
this tide at the tims given by A cast+ B sinnt Darwin, "Report of a Committee for the Harmonic
Analysis of Tidal Observations," 78.
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year or half a yediDoodson implied this did not necessarily work in allitéses

periods were differertieinstead usesketsof 10 day@8data which were then further
averaged to find the final value of A or B. Howev&eadf straightforward
averagingsingapres et i nter val of time, for exampl
asymptotic means to find the valoied and B He constructedhe asymgotic means
graphically, bgrawingcurves of the sum of the values for A (or B) divided by the
number of Agor Bs)and then drawing a smooth curve visually finding the tendency of
the mearfthe dottecturvesn Figure 3.2When working on thBiffraction Problem

with Proudman and on ballistics calculations during the war Doodson emphasised
methods that combined the use of numerical and graphical interpolation techniques,
and used differences or residuals astegral part of this wotR While asymptotic

means are somewhat different from his earlier smoothing and interpolations technique,
the graphs constructed for that again emphasise the (decreasing) differences between
means and a subsidiary function, mdhse the trend of the asymptotic mean.

®The meaning of 6éday® and O6hourdé is complicated
related to the time taken for the argument afesiduals to increase by 360 degrees if it was diurnal or
720 degrees if it was semidiurnal, but in another difference between the two methods Darwin had used

mean solar hours and corrected for thisa while D
time.Doodson, "To Assist Works on the Tides,-238.

0He | ater summarised his methods of interpolatio
built up of differaces corresponding to those obtained from the table to be smoothed and is then
compared with the tabulated function. The differ

Doodson, "A Method for the Smoothing of Numerical Tables," 217.
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Figure 3.22Anex ampl e of Doodson&6s graphs to caloffAlhddBfore t he asy
the constituent M2 as presented in the BAAS repaii is the number of contributory values of A or B
respectively 101

In combination with his mathematical argum@&uasdson coucheldis workin a

strongy rhetorical and moralometimes metaphysitahguaggustifying the funding

TI had receivedHe linkedhis use of residuals and his practicealotilation to the
trustworthiness of his methods. Twenty years earlier Darwin had claimed that the
success of harmonic methods meant that the theory was true and that his method gave
a full description of the behaviour of the &8&®odson questioned ticlaiminghat
earliemethods assumed their own truth by only analysing for expected constituents
0Othe resulting nufHeelaimed higown methédsof on t r us
calculation instead were designed to give indications of unknown constituents o
disturbances, such as meteorological effestsgstamknown aspects would show up

as residuals. This was not just about the calculations but alscaadnoetbphysical

cl ai m. I n terms of reality andurtsoleut h, f ol

101 Doodson, "To Assist Works on the Tides," 239.
102Parwin,The Tides and Kindred Phenomena in the, 2aB2 Z5/stem
103Doodson, "To AssidVorks on the Tides," 220.
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index of reality lay in the residues| f |, after taking out al/l t
there were unmistakable signs of-sumnal constituentill remaining, then this

would beregarded as sufficient proof of realityReality was in étalculations and

the datanot in how Darwin had worked out histheorindror d Kel vi nds pr €
machine°To account for o6real ity ofcdcalaichson ar ¢

accounting for residuals were necessary

A more down to eartteasorwhyDoodson saw his concentration on residuals as an
important part of increasing thecuracy of tidal calculations washedound new
constituents this way. For example, Darwin had only analysed for six of the 29
constituents Doodson deemedessary to predict the shallow water effects on tides at
Liverpool:®® Darwin had stated that he had only thought it was necessary to analyse for
such effects for the main lunar and solar constituent, but Doodson ignored this
statemenand found many otheonstituents foshallow water effextising his

analysi&”’

In additionthe idea of resid@abasalsoimportant for his work ometeorological
effects, and | will discuss illcommonina | it t |
modern statistioghere residuals can be calculated in a number of ways but indicate the
distance between the observed data point and the equation line found by a particular
statistical modé&l® Residuals are an integral part of-Epsires analysis, a very

common statigtal model, as when such a regression equation is fitted, this finds values

that minimises the sum of squared residfals.

The concept of residual was stil] i n dev
TheodorePorter andonaldMacKenzie idengifFrancis Galton as the first who saw
residuals as variation, arguing that earlier workers in the area had seen such residuals as

measur ement errors and not 6real © vari at i

104]hid.

105Gooday has pointed out that machines that were connected to William Thomson were especially
highly regarded and trusted, almost revered, in electrical measurement at the end of the nineteenth
centuy. The same regard may have been extended to his tidal p&siciay.The Morals of
Measurem&o.

106 Poodson, "To Assist Works on the Tides," 222.

107Darwin, "Report of a Committee for the Harmonic Analysis of Tidal Observations," 74.

108 Andy FieldPiscovering Statistics Using38P&S (London: SAGHIBlications, 2009), 215.

19Ronald R. Hocking, "Linear RegressiorEhicyclopedia of Statistical, 8diSareael Kotzet al.

(John Wiley & Sons, Inc., 200G)cessed ¥3uly,
http://mrw.interscience.wiley.com/emrw/9780471667193/ess/article/ess1468/current/pdf.
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came from higterest in hereditanygitss’>’He s hared this interest
former employer Karl Pearson, who also saw residuals as real Vafiatiording to
Desrosieres, Pearson interpreted residuals in regression models as a combination of
measurement errors, omitted variables eariability of unknown origin. Desrosieres
argues that this analysis of residuals as made up of different parts was taken further by
econometric modellers in the 1930s and 1940s. By these modellers the residual was
further divided into errors in spémttion of the model (i.e. how the theory was

translated into a statistical model including the choice of specific measurable variables
to stand for the theoretical ones), irreducible variability and errors of measurement.
Analysis of unexplained varifpiiould be used to formulate further refinements of

the econometric modeéfWhat these econometric modellers did is also what Doodson
did in his tidal work analysing unexplained variability through residuals to refine the
harmonic model of tidal predart.

The second aspect ontentlate ondvashis dethofisor k | wi |
calculation. He argued that the new methods and practices of calculation he introduced
were what had made his investigation possible, as he claimed they reduced errors and

increased the speed of work:

The investigations were made possible by the invention of a scheme for the
numerical calculation and summation of the harmonic constituents; this scheme
very greatly reduced the labour of calculation, and the results of imimati

one set of constituents could be relied on to within about 0.6% foot.

His report detailed the schewfecalculation, or abacs, Doodson had created to help

calculate and sum the harmonic constituents. This involved conspestial

purposescalgsr aduated in degrees on one side ar
the other side, enabling the calculatoead of cosines and multgs of these without

referring to trigonometric tabféSHe cut such scales into sections as long in degrees as

110pPorter,The Rise of Statistical Thinking,9D8P203296; MacKenzi&tatistics in Brif&if72.

111|n his case his view on residuals was also linked this to his views on causalitg. ¥a mp|l e, i n 0°
Grammar of Scienced he warganices inonganic phefomgnheresiduali s al
variationd and t hus phen &ar®easonhe Gtammar bf S@idaee s al but
York: Cosimo, 1911, this edition 2007), Hé4mphasised contimgg, which he saw as similar to

correlation, over causati®earsonThe Grammar ofrf8elEr6.

112Desrosiéreghe Politics of Large Nyraoga97.

113Ppoodson, "To Assist Works oretfTides," 218.

114]bid., 224.
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the speed of the constitudr@ing calculatezhd put these togeth&de by side, see

Figure 3.3Thismeant it was possibleftod the sums by drawing horizontal straight

lines between the sections. In his description of this andnetterds and sches

for calculationhe frequentlygavepractical details. For example in this case he stated

that o[t] he best pr oc e dnahsquaresswithtthe vettisae p ap «

115

lines half an inch apart, and with oneihalffc h t o*”a degr eed.

Figure 3.3 Example scale for reding off cosines and multiples of these. An example of the specific new
technologies of calculation Doodson introduced to compute tidal constituentsé

Doodson repeatedly emphasised what he called the trustworthinesetifdus,

discussing his errohecking procedures for calculations of predictions in detail and

also claiming that his new methods reduced errors inherent in Darwinian harmonic
analysis.’ The same emphasisswWaund in his otherwise more formal and

mathem#tcal article in thBroceedings of the Royalhbecetye also redeveloped the

tide potential. There too he discussed his practices of calculation, emphasising not just
how his methods were fully numerical and harmonic throughout, but also fag exampl

how his new notational scheme made the work easier, how he introduced checks on the

115]hid.
116]hid., 229.
117]bid., 228231.

116





























































































































































































































































































































































































































































































































































































