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lthasbeensomethingofatmditionthattheOpeningAddI己ssatthelntemationalHeatTmnsfbr
Confbrencesisonatopicofgeneralinterest，notspecificallyreflectingtheAssemblyPresident1s
personalrcsearclLInconsideringtheoptionsfbrmyownAddress，Idecidedtotalkaboutpecpに
r3therthansci““qmf花cﾉbPmﾉb８０%mythemeispeoplewithintheirhnmeworkofscientific
endeavour、Letusstartwithawelllmownequation：

Nu＝OO23Re9.8ＰｒＩｎ (1)

whichisgenerallyknownastheDittusBoelterequation(thoughtheoriginalequationdifIbrs
somewhatfromthis!).Equationlalreadyfinishesuswiththlceofthez力zmmYHspe"､”eofthis
lecturebnamelyNUsseltOqU),Reynolds⑱e)andPrmldtl㈹・nlfhctlmyinter己stinthesubject
ofthislecturehasarisenmmachanceremarkmadetomebyTomDaviesoftheUnive応ityof
Exeterduringaconversationatthelg97UKNationalHeatTmnsfb「Conference・Wewere
talkingaboutReynoldsandTomDaviestoldmethathehadvisitedthetombofReynoldsinthe
townofWatchetinSomerset，ShortlyafterwardslwasinSomersetandalsovisitedthetomb
whichbearstheinscription：
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Presumably，ｔｈｅｓｅcondOsbomeReynoldsandRicha｢dHemyReynoldswerethegrandsonof
theirfamousprcdecessor・IcouIdnothelpref1ectingthatthｅｔｏｍｂｏｆａｍａｎｗｈｏｓｅｎａｍｅｉｓ
ｓｐｏｋｅｎｍａnythousandsoftimeseverydaydiddeservealittlelessobscurity、Watchetisasmall
porttownontheBristolestuary，attheendofnarTowroadiaplacethattimeseemstohave
passedby・ThisdevelopedinmeadesiretoknowmoreaboutReynoldsandabouthisfbllow-
occupantsofEquationL

1

r･･･し･･■_･ゴロ･DJ油二･二二２・・二二・・二牛・・二･ｺ‐＝



LookingmorecloselyatEquationl，wecandiscoveTthercmainingmembersofthe”ｍｍＺＨｓ
ｐｅ尻s､アヱJaThedimensionlessgroupsinEquationLAIcdefinedasNu＝αＤ/入，Ｒｅ＝ＶＤｐ/TIand
Pr＝cpn爪whereαistheheattransfbrcoefficient(W/(m2.10),Dthetubediameter(､)and入the
themnalconductMtyofthefluid(Ｗｿ(､.K))，Vthefluidvelocity(m/s)，pthenuiddensity
(kg/m3)，nthefluidviscositym.s/m2)andcpthespecificheatcapacity(Jﾉ(k9.K)）Wecanthus
seethattheotherBlmousinhabitantsofEquationlresideinthemi咽namelyNewtonOD，
Joule(J),Watt(Ｗ)andKelvinGq

￣

Inwhatfbllows，wewilldiscussallofthesevengreatmenwhosenamesarehiddeninEquation
l，startingwithNUsseltandgoingmlIcircletoReynolds

ｗ、正IMNUSSEEr(1882-1957）

WilhelmNUsseltqFig.】)wasbomatNUmbdg,GennanyonNOvember25ml882,Hesmdiedat
■

theTeclmicalUniversitiesofBerlm-CharlotteuibmgandIvhmich，graduatinginMUnichinl904．

FY8n"UJf 所"iebmWnseﾉM78m-I”刀

HecarriedontoworkfbrhisdoctomtｅａｔＭｍｉｃｈ，beinggmntedthisinllO7basedonworkon
theconductivityofinsulatingmaterials・Followingthis，ｈｅｗａｓａｎａｓｓｉｓｔａｎｔｔｏＭｏｌｌｉｅｒｉｎ
Ｄｒｅsdeninl907-1909befbreenteringoneofhismostproductiveperiodsattheUniversityof
Karlsmhe・HebecameaProfbssｏｒａｔＫ２｢Ugmheinl920thenmovedtoachairattheTeclmical

UniversityofMunichinl925，apostheoccupieduntilhisretirementinl952、NusseItdiedon
Septemberlstl957inMUnich

AlthoughNusseltcontinuedtodoexcellentwolkthroughouthiswholeCareer，hismostfamous
achievementsoccmrｅｄｗｈｉｌｓｔｈｅｗａｓｓｔｉｌｌｉｎｈｉｓｅａｒｌｙｔｈirties、Inl915hepublishedhispaper
iiTheBasicLawsofHeatTransfbr,!(Gesundlng､VOL３８，ｐp447-482,490-496,1915)which
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proposedthebasicdimensionlessgroupsfbrmodellingofheattmnsfbrbincludingwhatlater
becameknownastheNUsseltNUmber、１，１９１６，hepublishedhisfhmouswmk：脚FiIm
CondensationofSteamMZeit.Ⅵ〕I・VOL60,ｐp541-546,569-575,1916)inwhichhederived
fbrthefirsttimethebasicequationsoffilmcondensation・Itisnoteworthythattheseequations
stillfblmpartofthecuITiculumofmostengineeringcomsesand，perhapssuIprisingly，are
almostuniversallyappliedinthedesignofcondensationsystems、IsayIIsurprisingly1'sincereal
systemsareveIymuchｍｏｒｅｃｏｍｐｌｅｘｔｈａｎｔｈｅｏｎｅｓｅｎvisagedintheoriginaltheory；the
equationsfitreasonablywellbecauseofanumberofselfLcompensatingfhcto応.‐Nusseltalso
smdiedawidemngeofotherproblemsincludingthecombustionofpulveri5edcoal，laminar
entranceregionheattransfbrandtheanalogybetweenheatandmasstmnsfbrinevapomtion．．

LUDWIGPRANDTL(1875-1953）

Pmndtl(seeFig.2)wasbomatFriesing,BavaIiaonFebmaly4jhl875,qualifyinginMUnichin

jTgzU”Zf LmWjgPmmWl8万-1,5刃

１９００withathesisonelasticstability、HebecameProfbssorofAppliedMechanicsatGottingen
inl904attheastonishinglyyoungageof29andretainedthispositionuntilhisdeathonAugust
l5thl953、Prnndtlcouldrightfhllyclaimtobethefbunderofmodemthelmodynamicsand
aerodynamics・IEsdiscoveryofthcboundarylayer(1904)ledtoanunder5tandingofskin
ftictionanddragwithobviousapplicationtothereductionofdrYlgonairplanewmgs・Ｈｅ
developedatheoIy（1918-1919)fbrwingsoffinitespanmsothermanyinterestsincluded
supersonicflowandturbulenceandhewasapionecTinthedevelopmentofwindtunnelsfbr
modellingexpenmentsinaerodynam1cs．

３



ISAAC NEWTON (1642・1727)

Now we come to the first of our inhabitants of Equation 1, whose n町ne resides in a unit rather 
than in a number. Newton (see Fig. 3) w.出 born on Christm錨 Day, 1642 at Woolsthorp Manor, 

Figure 3: Isaac Newton ρ642・1727)

Lincolnshire. After attending the King’s School砥Grantham starting in 1654, he went on to do a 
B.A degree at Cambridge in 1665. In 1665, Cambridge University W鎚 closed for a y伺r

because of the Gr伺t Plague and Newton returned to Woolsthorp Manor House; this w蹴 a y飽r

of contemplation and astonishing discovery, 由e m・伺lled anna mirabilis in which Newton
developed the 川崎thod of fluxions” （calculus), the theory of light, and, most importantly,
began his work on gravitation.

Newton became the Lucasian Pro島ssor of Ma由ematics in 1669, w鎚 elected a Fellow of出e
Roy叫Society in 1672, becoming President in 1703. In later life, Newton b民ame Warden of 
the Royal Mint in 1695, holding this lucrative post until his death on March 20w 1727. Fi思1re 3 
shows a picture of Newton in his later y回rs.

It is difficult to revisit the life of Newton without a sense of awe. His discoveries in optics 
would, in themselves, given him immortality. He discovered出at white light was composed of 
rays of different colour which, when p錨sed through a prism, were bent out of their paths at 
different 制glesσig. 4）. 百us is why the lenses used in telescopes in Newton's day always 
produ切d bluπed images wi血 coloured創nges. This problem 伺n, of course, be overcome by 
using two lenses of different materials but Newton never succeeded in making a true achromatic 
lens for telescopes; he got round the problem by inventing the reflecting telescopeσig. 5). 
However, Newton's most important contribution lay in his development of the laws of motion 
and the related laws of gravitation. N伺r 由e 伺巾’s surface, a weight falls 4.9m in I s郎ond and 
the basis of Newton's hypoth鎚is for lunar and planetary motion was that the gravitational force 
W鎚 propo凶on to 1/r. where r is the distance合'Om 血e attracting body. The moon w笛 known to 
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●

beatadistance廿omtheearthofsixtytimestheearthlsradius・Thusbthemoonwould`IfaU1l
towardstheearthbyadistance4.，/3600＝０.OO136minasecond・T1leC1filll1icouldalsobe
calculatedbromtheTadiusofthelunarorbitwhichwasknownasamultipleoftheearthosradius．
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F】9Ｗ７℃ ﾉVbwm"ｂ'巳/泥ｃｍｇ花ノセscqpe5：

Unfbrtunately，atthetimeNewtonmadetheoriginalcalculation，theradmsoftheeaIthwas
believedtobe5530kmandNewtoncalculatedthefaUofthemooninonesecondtobeO・OO1185

thiswastoofhroutsidethevaluepredictedonthebasisofgravitationtosatisfyNewtonandhe
setthecalculationsononｅside、HOweverbsixyearslater，anewestimateoftheradiusofthe
earth(6370km)wasmadeandthetheorynowagrcedprecisely1However，itwasonlyatthe
promptingofEdmundHaUeythatNewtonwaspersuadedtopublishtheresultsofhisfindings；
hisfirstpublicationsintheareaofopticswerecontmversialatthetimeandNewtoLinaletter
tothesecretaryoftheRoyalSocietybsaid:ｌ１Ｉｓｅｅａｍａｎｍｕｓｔｅｉｔｈｅｒresolvetoputoutnothing
new，ortobecomeaslavetodefendit11、Ｎｏｒｄｉｄｈｅｓｅｅｋｆｈｍｅ，refUsingtopublishhissolutions
ofcertainproblemswiththewords：mlseenotwhatthereisdesirableinpublicesteemwereI
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abletoacqmreandmaintainit．、ｗｏｕｌｄperhapsmcreasemyacquaintance，thethingwhichl
chieflystudytodeclinell・Inthesedaysofexcessivecommunicationbye-mail，onecancertainly
sympathisewiththispointofview1

ThepublicationofPhjﾉbsc〃んmWVtmum！H3Pm7cjPmjMmheJmmaz（embodyingthelawsof
motionandgravity)inl686representspeThapsthemostsignificantcontributionevertothe
scientificliter臼ture・nletheoIyofgravitywastriumphantlysuccessfhl・Notableinthesuccesses
were：

(1)AneXplanationfbrdiffbrencesintheperiodsofpendulumsbetweenPalisandatthe
equatonNewtonsuggestedthatthiswasduetosmaUdeviationsoftheshapeofthe
earth丘omsphericalfbrm・ThattheeaIthwas，ｉｎｆｈｃｔ，anattenedspheroidwas
confhmedbyaFrenchAcademyexpeditioninl735．

(2)Cometshavelargeellipticalpaths,innuencedincomplexwaysbytheplanetsinthe
solarsystem，BystudyinghistoIicalrecoIds，EdmundH811eyrealisedthatcomets
reappearedregulaI1yandp媚dictedtheretumofthecometnamedafterhimCIaUey1s
ComeOonthebasisofthetheOryofgmvityinl747/1758．AFI、chconverttothe
theolyofgmvity(A1exis-ClaudeClairaut)aidedbyaHOrtenseLepaute(asortof
humancomputerwhoworkedattheParisObservatory)prBdictedtheretummore
accumtelybytakingaccountofmoreinteractions・mscalculationindicatedaperiod
March/Ｍａｙ1759．ndulyarTived，rcachingperiheliononthel4unMarchl759！

(3)Wolkingindependently，Ｊ,CAdamsinEnglandandU.Ｊ､Ｊ・LevelTierinFrance
staltedcalculationsaimedatdemonstmtingthatinregularitiesinthemotionofthe

planetUranuswereduetothepresenceofanotherplanet（subsequentlynamed
Neptune)．Oncompletionofthecalculations，LeverTiersenthis泥sultstoJGGalle
oftheBerlinObservato『ylwhotrainedhistelescopeatthepredictedpositionand
discovcrCdtheplanet！

Thelawofg｢avitationcanbeexpressedinthefbｍｌ：

Ｆ＝ＧｍｍＩ （２）
・Ｆ

ＷｈｅｒｅＦｉｓｔｈｅｆｂｒｃｅｂｅｔｗｅｅｎｔｗｏｍａｓｓｅｓｍａｎｄｍｌａｔａｄｉｓｔａｎｃｅｒａｐａｴt・Thegravitational
constantG(whosevalueis6,670xlO~'1Ｍｍ2/kg2)couldnotinitiallybedeterminedsincethe
massoftheearthwasunknown、However，boththevalidityoftheinversesquarelawandthe
valueofGwasmeasuredineleganteXperimentSbyCavendishusingatorsionbalance．

Whewell(quotedbyHarveyCibson)sumsuptheachievementsofNewtonindevelopingthe
theolyofgravityasfbllows：

''ｍｅ９７℃mjVbM'わ"jmT施加cijmq/”ｎ'eγ、ﾉ８７℃zuijmio〃isjmHSpmZz6<Ｗｍａ
Ｊ"ＣＯ”Cmz6〃鋤e画℃`z2Esrscje"城cdisco”ひevemmC2awﾉhe坊erweわojtqz肋ｅ
ｑｍ』KmceWiichirjmjDﾊﾊedIzjIe亟陀"rq/ｚｉｌｅ如仇dRs℃ﾉbs巴α，ｏｒ肋e九JTdkme"ねノ
mTcfsm城s/hDmJﾌﾉｿ､"”q/zhjsmU肋.'’

AlexanderＰｏｐｅｉｓｅｐｉｔａｐｈｏｎＮｅｗｔｏｌｆｓｔｏｍｂｉｎＷestminsterAbbeyinLondonsaysasimilar
thingmorepoetically：

Ｍ､"℃`、ｺﾞjVtmu'Ｅ念Laws"ん泡mjVHg力r
GodszmjILerjVbwm6eノcmdq"ＭｪsLjgﾒﾘ’
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JAIv伍SPRESCOTrJOUIE(1818-1889）

Joule「i9.6)wasbominSalfbrdnearManchesteronDecembeT24unl818・Hewasthesonofa

FIg醒丘JtmeSP'垣３℃o"Jbz`んp8J＆188ﾒリ

wealthybr巳werandhimselfhadamplemeans(excepttowardstheendofhislifewhenhewas
savedbyapensiongrantedbyQueenVictoria)．Thus，ｈｅwas､abletopursuehisscientific
interestsindependentofthehnmewolkofauniversitysystem(thouglhehadgoodcontactswith
ReynoldsandotherscientiststhmughtheManchesterLiteralyPhilosophicalSociety).Hedidnot
havefbrmaleducation；rather，hewastutoredbyTesidenttutorsincludingthefhtherof

霊鯛s翻鯛Xi蝋鰯｡鰡纈欝澱:測鰯｡F｜Rn,辮欝』鰐
Manchester．

●

Joule'sobsessiveinterestthroughouthislifbwasintheMbchzmjczJﾉE9mwz陣ｒｑ/Ｈｂ“To
understandthisobsession，onehastoappreciatethecontextinwhichheworkedWhenhe
staTtedhisexperiments，heatwasconside唾dtobeasubstance(cロノmic)．Powercouldbe
generatedfromcaloricbypassingitfmmahighertoalowertemperature、Theanalogywaswith
awateIwheelwherewateratahighleveldrovethewheelwhilstpassmgtothelowerleve1．This
processdidnotresultinthedestmctionofthewateranditwasbelievedthatthesamething
appliedtothemysterioussubstancecqﾉ、C・Thealtemativetheorywasthatheatwasrelatedto
thevibrationofatomswithinasubstance(the(jmzmjcaMieayqﾌﾟﾙeaO.Thecalorictheorywas
intheascendancyatthetimeJouIebeganhisexpenmentandwassupportedbymanyeminent
peopleincludinglaplaceandClapeyronltseemsamazingthatthecalorictheorystillhaditis
adherentseventowardstheendofthelgohcentury，and，indeed，Imyselfhavebeenaccusedof
beingsuchanadherent；ProfbssorEdwinLeFevreaccusedmeofbeingsuchwhenlhad
carelesslyusedthetenn平eci/7Cheα『ratherthan卯ｃｃ城chemczpacノリinahandbookarticle
whichhehadrwiewed1

●

JoulecaJTiedoutarh⑥Kactingsenesofexpenmentsconve｢tingeIecmcityfilmvoltaiccclls，
electricityfmmmagneto-eIectTicsources，mechanicaleneTgyfTompaddlewheelsand

７
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mechanicalenergyBcmtheflowofwaterintubesandwaterfilllsintoheat・msfmalvaIuefbr
themechanicalequivalentofheatwas772ft-poundsperBtu(thebestvaluenowadayswouldbe
around778ft-pounds)．

JoulespaddlewheelexperimentisillustratedinFigure7．

牝，

Ｒ

』5】厩"℃ﾌﾉﾋﾉbz`んbpqdtj化ｗﾉｸeeﾉe】PC'”e、/brHliedbね、，ｊｍがり〃qｿﾞKhemechm1jCMZ'e妙iWJ化"rq／
ﾉｸeaL

ManyofJOule1sexperimentshadtempemturechangesaslowas0.5oCand
accuracyheneeded，tempemturemeasurementsto±0.OO30Cwererequired
measu尼mentscouldonlybeachievedbyenolmousattentiontodetailand
scepticallybyhiscontemporaIies、WilliamThompsonquotes：

toachievethe

Suchaccumte

werereceived

'qHXF6oﾉﾋjhBSsmmaH前F2gsHcﾉMb7g巳ＣＯ"Cﾉjus7o'２８九加皿CﾉiueひⅣ"αﾉ!◎6"rwJ"ol7qノ
巳族ＣＫＳおα〃osraF〃orewo"H1ymlzゴロZ力"”6ルaShjSsN｡i〃ｍｅｍＤ'ｍｇｑＣｃｌｕｙｐ９か巾
鮒e胸.Ｉ氾加e耐6erdHsZmc心qrjheRq)』qﾉSbcie肌Ｉ鯛加k〃wzFGmﾉi､"ｏｒ｣”たrsZDﾉmg
smlpMie麺"a6e舵ueJm上beα7"３℃ルejzJzf"o鯛蛇Ｍﾉ、】と注dRhSq/αｄ287℃em
pmpBhjFczzsロムy'（

IthinkthatthemamconclusionldmwffomlookingagainatJOuleoslifbisthatpatienceand
●

persistenceinobtainingaccuratee】叩erimentscanultimatelyinfluenceenormouslythewaywe
lookatthings1TheprincipleofconservationofenergyisnowsuChanaturalpartofourvlewof
naturethatitseemsextraordinalythatthisprinciplewasnotacceptedbefbretheworkofJOule
Whichwas，afteralLrelativelyrecent！
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JAMESWATT(1736-1819）

JamesWattTigure8)wasbomatGT己enock(nearGlaSgow）onJanuaryl9thl736､Heneverhad
anyfbrmaleducationHestartedanapprenticeshipasascientificinstmmentmake｢inLondonin

●

FIgzU形a JbmesJ'七"β万医J8J〃

1755,butleftafteroneyear・WiththehelpofftiendsinGlasgow，hesetupaworkroomatthe
UniversitｙｏｆＧｌａｓｇｏｗｗｈｅｒｅｈｅｂｅｃａｍｅ節endswithProfbssorJosephBlackwhointeracted
closelywithhiminavarietyofprqjects．

JamesWatfsstoryisanextraordinaryoneinthathebecameafblkheroinBritainandelsewhere
fbrsomethinｇｈｅｄｉｄｎｏｔａｃｔｕａｌｌｙｄｏ，namelyinventthesteamengme、Ｉｎｔｈｅｐｏｐｕｌａｒ

●

imagination，wehavethepictureofJamesWattasachildlooldngatthewayinwhichthelidof
thekettlerosewhenthewaterboiledandconvertingthisintotheideaofthesteamengineln
fhcLthesteamengmealreadyexisted，themostadvancedfbnnbeingtheNewcomenengine

C

whichcameintooperationinl712andcontinuedtobedevelopedfbrafhrthersixtyyears、1,
1769,therewere99enginesofthisfbrminthenorthofEngland，ｔheirmainpurposebeingto
extractwater分ommines・TheprincipleoftheNewcomenengineisillustratedinFiguTe9．

，



FX印H７℃,．Z7lep7iｿzcjPにq/･鋤ejVbwcD"e"dm9mP〃e77ce"範２．

ThecylinderisfedwithsteamBromtheboilerandvalveCclosedWateristhensprayedeither
omoorintothecylinderbcondensingthestreaminside・ThiscausestheToCⅢｎｇａｌｍｔｏｍｏｖｅ，
Iiftingwaterupasshown・TheWholeprocessisthenrepeatedandeventheearliestengineswere
abletoachieveastmkemteoflOperminuteormorebdeliveringwaterto厚eatheightsrelative
tothebottomofthemines、JamesWattenteredthesteamenglnearenaWhenaskedtorepalr
GIasgowUniversityIsmodelofaNewcomenengineinl764．Herealisedthattheenginewould
beｍｏｒｅｅ丘icientifthesteamweにcondensedinaseparatecondenserandnotinthecylinder
(thisavoidedrepeatedcoolingandheatingofthecylinderwallmaterialswithconsequentlossof
efficiency)andthatthesteamitselfcouldbeusedtoactuatethepistonmtherthanatmospheric
air・Afteraperiodofdevelopment(fbreShadowingtheprcsentdaymethodofdevelopmentof
newproductsusingsmaUscalemodelsetc.)，JamesWatteventuallypatentedthecondensing
engineinl769Hewasluclq/tofblmapartnershipwithMatthewBoulton(thesonofa
Birminghamengineer）andthefhmouscompanyofBoultonandWattcameintobeing，
producingthefirstreallysuccessfUlsingle-actingengineinl774Thedevelopmentwork
continued，animportantfeatureofthisbemgtheevolutionofasystemfbrcuttingofrthesteam
supplytothecylinder，ｔｈｅsteamaheadyinthecylindercontinuingtoexpandtodnvethepiston
fbrtheremainingpartofthestroke、Ｔｈｉｓleadtothedevelopmentofthedoubleacting
condensingengmeandtheextentoftheprogressinthisdevelopmentworkcanbejudgedby
compaIingFigurcslOandllwhichshowrespectivelythesingleactingcondensingengineand
thedoUbleactingengine，ｉｎthelattercasewithamtaIyactio、

●

Thedevelopmentofthesteamenginedid，ｏｆcourse，contributeg｢eatlytotheindustIialisationof
EnglandandelsewhereandJamesWatthadanimportantmleinthisdevelopment・Thus，though
hecertainlydidnotinventthesteamengine,hecanberememberedasapioneerwhocombined
aninsightintothephysicalprocessesoccurTinginsteamengineswithanaptitudefbrmechanical
designanddevelopment、InshorLhewastheepitomeofthebestintheengineeringapproaCh．
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LORDKELVIN(WnLIAMTHOIvPSON)(1824-1907）

WilliamThompsonwasbomonJUnｅ２６１ｈｌ８２４ｉｎＢｅＩｆｂｓｔｌ heentered

keEnaultin

Ireland 1,1841,

CambridgeUniversitytostudyadvancedmathematics、AfterspendingayearwithRegnaultin
Parisinl845，hewenttoGlasgowUniversityinl846tobecomeProfessorofNaturn1
Philosophy・HeheldthischaiTfbr53years・HewascreatedSirWilliamThompsoninl866and
becameLordKelvininl8g2．ＨｅｄｉｅｄｏｎDecemberl71hl907．

LordKelvinmadenumerouscontributionsinthennodynamics，hydmdynamics，neldtheoIyetc・
Ｈｏｗeverbhewasalsoinvolvedinmanydevelopmentswhichmetwidespreadapplicationand
alsomadehimaTelativelywealthymanThesepmcticaldevelopmentsincludedimprovements
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intelegmphy；hewasdeeplyinvolvedinthesuccessfUllinkingupoftheAtlantictelegmphin
l866anddevelopedthesiphonrecordenWhichTccordedtele2mphicsignaIsonmovmgpaper・
LordKelvinwasalsoinvolvedinnavigatioLdeveIopingthemagneticcompassandsounding
apparatus

lnthecontextofhishabitationofEquationl，LordKelvinmustberememberedfbrhis

definitionoftheAbsoluteTemperatureScale,hisworkonthissubjectbeingpubIishedinl848
1tshouldTememberedthathisworkonthissubjectOikethatofCamoOwasdonewithinthe
ftameworkofthecalorictheoryofheat・Adegreeintheabsolutetempemturescaleisdefinedas
'Mｈｅ`molmrKhzJram"q/cZzﾉb'たﾉmzflMJ"加配土rmPmdhucBam"q/wo戒'（HOweverbina
fbomoteinthispape｢，KelvinmentionstheworkofJOulewhichwasjustthenbegimingto
emerge，sayingthatthiswasinconsistentwiththeideaofthepemlanentexistenceofcaloric
(heat)．stronglyinfluencedbytheworkofJOule，Kelvinthenbecameastrongadherenttothe
interpretationofheatasmolecularmotionandhispapersonthissubject(iiOntheDynamical
TheolyofHeat､，publishedl851-55）leadtothedevelopmentoftheSeconｄＬａｗｏｆ
TheImodynamics．

OSBORNEREYNOLDS（1842-1912）
NowwecomefhllcircletocompleteourdcscriptionoftheinhabitantsofEquationl，ｂａｃｋtｏ

F】92"Ｗ2．Os6omeRqWTo極ロ8忽-ﾉ,ﾉリ
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whereitallstartedwithOsbomeReynolds・ReynoldsGigmel2)wasbomonthe23TdAugust
l842inBelfast，ndandandwaseducatedatQueensCollege，Cambridge廿oml863-1867.1,
1868,hewasappoilltedtothenewChairofEngineeringatOwensCollege，Manchester0ater
theUnive｢sityOfManchesteO・Heheldthischairuntilhisretir巳mentinl905，whenhemovedto
WatchetinSomerseLdyingtheTeonthe21s(FebmaIyl91Z

Reynoldsis，ｏｆcourse，ｂｅｓｔlmownfbrhisworkonturbulencebut，duringhiscareer，he
workedonmanyothersubjectsincludingthermaltranspirationofgasesthrougdlcapillarymbes，
cavitation（wherehcmadethefirstdemonstrationoftheeffbct)，criticalflowinoTifices，
determinationofthemechanicalequivalentofheatusingasteamengme，improvementsin
pumpsandturbines，modellingmethodsfbrriversandestuariesanddilatancyandthetheoryof
theuniverse・HisclassicalexperimentontheonsetofturbulenceisillustratedmFigure13.And
Figurel4､showsthercsultsTheappeamnceofturbulencewasdescribedasfbUows：

uhecojb1ur6zmzｺﾞcVW,eq7℃[ﾉｍｅｑｐ[刀瓦fzmf加なｗｉｉルjｿｉｅＨｍ℃７の、OJT
6WHlejXgⅢ'r〃cmeﾙc施平ﾌﾋﾟ刀ｋＨｈｅ"､瓜Fq′cDlb2w℃s､１１%e`j“"ｍｍａ

'(．ｃz〃αOJTcqUheCojblur6zmzZcVW,ｅｑ７ａＺｍｅｑｐ[刀

煎移wmg肋e〃6ｅｂﾉ鋤ejigⅢlrq'cmeﾙc施切ﾌﾋﾟ刀ｋＨｈｅ
加唖q/腕の巴”ん”cjHm7"αcmZs，ｓﾙowjPqgedufBs'〈

FX8回`７℃１３． Ｒｑ)moLfFe〕Pe7jme"ｒｏｍＷｱも"に"Ｃｅ

FIgw”“ ReswﾉES/，ＤｍＲｇ)"TolZFejPem"e"ノ

ltwasinterestingtonotethatwiththesmoothentranceconditionsusedbyReynoldsinhis
originalexperimenLthecriticalvaluesofReynoldsnumberwereintherangell,800t014,300．
Thisrepr巳sentsWhatisnowknownasthe力４８ﾉｉｅｒｃｍｉａＪ/ReWTojtZF〃”6e｢、Later，Reynolds
showedthatifthefluidenteringthembeisdisturbedthenthecriticalReynoldsnumberisaround
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●

itiswellknownvalueof2000（theノbw”ｃ旅cqlRqyPuo止む〃”beか、Reynoldswasa
distinguishedmathematicianinadditiontobeinganeXperimentalistandwasabletodevelopthe
theoryoftuTbulencebasedo、averagingleadingtothewelI-know、職ReynoldsstressesIi．

AcunousepisodeinReynoldsilifeoccmTedtowardstheendofhiscareerａｎｄａｒｏｓｅｆｆｏｍｈｉｓ
●

interestinzifltmmリHisfilvouriteillustrationoftheprincipleisshowninFigurel5．

(α） (6)

FIgzJ形１ｺｊ"iusmzz7mq/DjAmmﾘノ

ApileofspheresincubicalfbrmoccupiesavolumewhichisV2timesthatofaclosepacked
fblmAnintriguingillustrationoftheefIbctofdilatancyisgivenwhenonewalksonthebeach
neartothesealsedge・Aroundone1sfbotplint，andperhapscounter-mtuitiVelybthesand
becomesdryratherthanwet・Ｔhisisduetoachangeintheporestmctuにleadingtotransportof

waterintothecompressedrcgion，ｗｉｔｈdryingoutofthesmToundingreglon・

Again，inconsideringthisfinalworkofReynolds，onehastorememberthecontextofthe
VictorianscientificsceneTherewasglCatconcemaboutexplainingｔｈｅｌｏng-distance
transmissionoflight・IflightwasinthefbTmofwaves，theTemustsurelybeamedium(the

e的eDfhroughwhichthelightwastransmittedGravitymustaIsobeaproperlyoftheether・In
Maxwellostheolyofelcctromagneticwaves，itwasnotnecessarytoposmIatesuchamediumand
theconceptof'IactionatadistancemwasbomFurthe[ｍｏｌｃ，theideaoftransmissionofphoｍ'ms
assmanelementsofenergywasmoreinteUectuallysatisfyinginexplainingthewaythatlight
movesthroughtheunive応efHoweve円Reynolds(likemanyotherVictorianscientists)fbltthe
needtospecifyamediumthroughwhichtransmissionoflightandg｢avitycouldbeachieved
Reynolds碗CXg77""qpzu3onthissubjectwassubmittedfbrpublicationinl902,neartotheendof
hisscientificCareer・TherefbreesoftheRoyalSocietywerecriticalofhispaper(montheSub-
mechanicsoftheUniverse11）andtherewasavlewperhapshismindwasbeginningtofhil！
Finally＞thearticlewaspublishedbyCambridgeUniversityPress，copiesbeingdistributedtothe
RoyalSocietyinthesamewayasthe”jﾉb３℃phjcUzﾉmmsrJCZioPnsb

lEindeed，Reynoldsmindwasbeginningtofhil，thenthisviewhastobereconciledwiththe
curiouslyquantitativenaｔｕｒｅｏｆｔｈｅｐにdictionswhichReynoIdsmadeHesuggestedthatthe
umverseconsistedofagranularmediumwhosepressurewasL172xlO8BaIzThediameteroｆ
ｔｈｅｇｍｉｎｓｏｆｔｈｅｍｅｄｉｕｍｗａｓ5.534ｘ10.2omandthegrainshadameanrelativevelocityof
O677m/ＳＴｈｅｍｅａｎ廿eepathofthegrainswascalculatedａｓ8.612ｘｌＯ２６ｍ、Reynolds
postulatedthatmatter(asweknowiOissimplythegapsbetweenthegrainsinthisgmnular
medium、Onthebasisofthismedium，ｈｅｗａｓａｂｌｅｔｏｅｘｐｌａｉｎｇ『nvityandthetmnsmissionof
lightandthesUbjecthadclearlyoccupiedhimfbTsevemaldecadesbefbrethepublicationofthis
paper、PmfbssorGeorgeShi妃shaspointedouttomethatthesizeofthegrainspostulatedby
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ReynoldswasofthesameorderasthenstnngS側inmodemstnngtheoIy；perhapsitistimethat
thetheoreticalphysicscommunitylookedagainatthispaper1

ＣＯＮＣＬＵＳＩＯＮ

IcanthinkofnobetterwayofconcIudingthisjoumeytomeettheinhabitantsofEquationlthan
quoting丘omtwooftheprincipalinhabitants，namelyReynoIdsandNewtonlllhislntroductory
AddTesstothel868-69AcademicSessioLTegardingtheneedfbrengineers：

wie”jsaMeび深"e、ﾉｍ１ｐｒ程s函ｉＤｍｍＫｈｅｐ７巴saTr”ｅ2ｶ口re"gmee酒jzzMehzzfZhe〃ぬリィ
zmfZﾙﾋﾞmmlhsFsDJ"e９７℃zmdH３℃oMelyjsJm[たｗｈｊＣⅢISI、〃c口皿sEmjUWのHFm6eaIpe'窓ｅｚｊｂａ
ｍＷｆ腕ｅ”eBdm/ｌｈｅｊｂｃＤｍｏｊ７Ｍｅｍ６ｅｓ"Ｊｐａ$s垣ｚ４〃ﾊﾞﾊﾞﾉｾｧ℃ｍｍｓｍ６ｅｄｍｅムツムルｅ
ｅ"gｍｅ…ＺＸｌｏ虹ghdmDKllermjにｑ/ｍｉＭＤ'３ｶｍ近〃e１脚ｅｒ６ｅ施璽肋匂℃ｗｉ〃、？〃ｂｅ
'℃ＯＢﾘｵﾉbJ･ｍＭＩｅ印gmee碗９８ﾊｺﾞ〃jhec”"”c、/前翅'’

Thisissurelyjustastruetodayasitwasinl868despitetheenormousTangeoffUrtheradvances
whichhavetakenplacesincethen

Myfinalquotationis且omNewton：

'7粒owJzorwjizJr肋ewolItfwi"KhiFnkq/"〃jb6my恋61HrmmWログ"死emsjｿmrIﾉbm川e6ee〃
6"'αchiltfpjm2imgomhe“αMlo";〃ＤＭ"dHFqg幻痂epe66に'ｍｈｅｍＴ歴pojmsﾉｹedlq71ビゴ
"owsm7esﾙemmHlermo「℃czg7℃eα6ｹwmagm℃｡ﾊﾞﾉi､ｫ(､｡肋e脇Mbi陀鋤emme…ocemj
q/7】wZhexだ、bdj唾〃ｍｅ〕Pﾉb1℃α６２/b花加e・'’

sometimes，withallthepressuresofacademiclife，wefbrgethowluclq'wearetoplayonthat
sameseashore，dIivenbycmiosityabouttheshorcandtheoceanbefbreus、ITeadarefbrees
reportrecentlycriticisingaproposalfbraresearchprOjectasbeingclmosi〃zか前川e"ノAcommon
featureofalltheinhabitantsofEquationl.，andthebasisfbrtheirsuccess，hasbeenthissame
curiosity・Longmayitcontinue1
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Ｍｙ丘iendandcolleagueProfbssorGeorgeShireshadfbranumberofyearsintendedtowritea
bookaboutthepeopｌｅｗｈｏａｒｅｃｏｍｍｅｍｏｒａｔｅｄｉｎｄｉｍｅnsionlessgroups、Thisbookwastobe
entitledMmeq7江fjVim6erandGeorgeShireshaskindlyallowedmetousethistitle(withthe
additionof”i0fbrthetitIeofthisprcsentlecture・Thesourceofbothtitlesis，ofcou応e，the
identificationofasoldie尾beingtheonlyinfbrmationwhichcouldbepassedonbyasoIdieron
beingcapturedlmustalsothankGeorgeShiresfbrpassingontomematerialwhichhehad
collectedfbrhisbookwhichlhavefbundinvaluableinpreparingthislecmre・Iwouldalsolike
toplaceonrecordmyadmimtionfbrthemarvellousresouTcesoftheScienceMuseumLibraryin
London
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