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HEHBCBO TR, SETEORENPMIMSMRRINTZOERIRKD S5, £ D15
B, ZNOORENER, 509, RLEFSNIHCBELZOMICRINEDTHD,
HLEHRTE, BBELZNDSBHHELDTH b, LoL, BEETHBENDIT L, #HT
LABRDEBERLPTVETHELENI T ETRED, BETHAIDBWZIC, HITDICHERE
CHLUOEESBHBE L T > THRI L OB -0, XFLF0MELS ZOBWAICE
ELTO>TERLOBEDLOSOHDBE UV SBEROFINLEODTH B, BAIKE >TIZ
L5, MNP IOSTER IN/REBOBRBVDICERT LI LI > TERBROBE
BIEZBRI®ELEDID, BENCIOBRALBOTRS 3 T b TNICEK-T, T
DFUNESAERT 25X TOIELEIDOENHLOBBEONETHAS L, T2, F0k
INMEIENTACEBEEERERLIONLENICEEDETHAS, 51, ZN45BEL
Ty, T ULIERFERICERE LIc A4 O EEE P 2 0 BHN « HEHNER L OBRICET
SERE RSO, —MBEEOZ I, BELVIBEMERDLIEPERPOETES «
DHEMBLRLUTEBILLODOTRERBNT EAMETHAIL, BEELFEINEALERL
THR B LHDOA 2 TRIENE NI T EEBET BIC B THSD. THLT, B
NOBRBIZHKICED, BEHCH LTI ONSERBEERCEARBBARCED %
TETHHIe BFELVOIHBRS P, BREEBFCE > TOMWEMTIIELBEDT
H 5o

CDEHIRRBT, —RBEIOVDOIS> B EROT 7 a—F53, 2, HEKBFOBMIC
LD BEELY 5BDTHbB. bBAHA, TNTORNEMIWRCHONTIDOLS BT
FO-F5EBTEBBER ENIDI TR WL SO HDICONTT NEFTEZIE,
HENOBBIENICOL & 2BA EART SO LB ONE, COFEEERT 51-5H1CI,
MEREOME, TNOERBABLEBRT A EBLETH S, HEELTD TRz
PRBELEEREHES > & mAT, PR Lo MREEL] SREREIC S5
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NES5ELLHBHUTH 5,

ZZTERRIEBNTIR, 9, BEAEISOFERIC O THRER OB A 5 — i 73 15
BRI DL, HEIEIFEROBHAE =, ZBAL, RELC, HESHECET 3
FEOBAEDOBRRTH S, Ny P VICLBFABRROBEICHONT, PPELLBRTH
BT EICT %o BHENVESOERICET 2 HERHWARIL, RELBCONEE T EARE
T55, ¥, IEZEBFORKNLBHEICESOTODLIFBINS 20 20 LS5 1HES
EEL, THEMCESL 100K E UTEABBRIL DL SETENTH %,

2. HMFEMBMIOTREZOEH

CHENERT LE-Th, #03, KT LHREMAHEORRELTETNHTL 3D
DTHHERDPELNR, ZLOBAKRBE LA, MorOREOESH, EDHITER
DEFPHADIH DT F oy - LoFIBRE LTHV LN, 200, MROERICHE->T
RBICHRHZAR S DICHALINTHRELBERE DS DL S KB -0, $23013, REHHEb
DELTEEINIDT S, LHIOBERTHA D, b LD, MBILLD, RHEORRE
DEARNVTHRLT, TORBRE~ITIETHDL, T, TCRBETIHTLE LTI,
THad - thBaRE N OTRTERCEHTOCOELRNTHE DICHIERLE D, T
KoL, 2O EE > TR LD THARBEDORILSARE & 18 - 12 & 5 St REH S &
DEHRBOLSTUWb DS, b /NMIELELD, BREDERICB->THAINE b DICH
1253 T, FEEFRODDONH %,

RIBEORE LT, COMRRIBEDTH S, CoMRicBEFsb 2, BRIF—MT
»5, BRIEENEELSD, L0 b0BH0, T, RBICEEZIN TR »1chs,
T=IXAMBRE, BANBRE, £JANERE, L0 kbDEEFLCEPTEX
Jo

FIELRBEOPBEEOLDICE, BREEEAZHK S, BRIZEEIC L& L1V, BR
IIREB L7, BARIT atomistic 73#EZE &0, HREIBKLOBEL S >, BRIZBKD
EHCTETVE, BRADERNMDOPICREINZENHS, HEDL S, BROEXY
Kb ERNTERNIBERSNHELEEL LD ZLT, INSOERDELIL, 4
AE, BICRERINTIC, B3 PPREELT, BLonTH3bDTH B,

b L/MREBD, BEDFRIM>THVONIBE LB L, RCEREROIONDH
50 ZTOHITIE, THoP -0 ULESHRE L THR L. DO HNT, HABERT IO
=IO UEIRB LD DSBS, HAEDCERIC DN TEMINMEY I N CHELHE
R > E WO RO Db H %, AiTi3, HENBESOBBICRET 5L A0
P13t Bons b00fE 2B8H( 3FH ) MO ST TRMLTAHL D,
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(a) BHESIHOEE

ABOREETHE, BRINEENROUIRIIANLREGI OO DE LTROKON
T3, L L, AESIESORNOERKIZ, LRI NICBINOEIBRODTITIION
72DTHb0. bbAA, BHEMATOENLTH 5o

aRN= ) ZAOKBHLHSENS T TR, COHRER, REREHERLKBREST
TEZON Tz, BRERCO L0 2REEAS, REREAMERE TR L TH >7,
L CAH, KBROBICE > THIRS VD EDDRE (REK) THBENHT LiKlEb &, C
5 L XBlizMBE SN nid i siihotco RERBMER S, B—FE, B—okAl
KE->TEBBINDINETH ~1co BEHKEALTCZDMAERBICHILLIcDON =2~ + Y
Th 1o WIZZDEBEAE B NOEAIEICE T, VATCOEFTERD "ET”,
H_EDDEDES E KK (BRE) 0ER L AHANICHPAT 2 LIk LI ZLT, T
DHEIHOEEDHRICHBERAR SEE A R UicDds, IR SN OB -
7cDTH 5o .

BEBIIO L EPEDORHATH S s, BETINSEENBICHAAINEIL>ICKSE L,
ZOEBELABL, BRAKBTIHESBAICIE -1z, BTH, [BAIDONT I (16004 )
EEOLICY 4 YT o FAN— i3, MBELSIBRBRIICROHLU B ORARRE,
HoOREBAICET 3EREDS, HIRKIZV EODOAXNBRATH S LORREE,
Wiz oic, BPABPRELHATHLLEEZ, WINd, HEOKKIERICL > THE
ERNEAETIH->TVE 6D BRI, BHsEICH L C2RICE Ul B T 303
HROMIIERIKLEDTH YD, Hhhs dDRIICIBREICHD > T3 DbBRDIEmMMEICE S,
EWIZEZ o

INSDEZIR, TDEZFTRTELWOHDTRED eI THBDs, EiZ, DL
REZFBENI X >TREUDT, HIEKEOBOHKIZZDEXRDGEHTHEFHD
FLTROBHBBOBPINCRA D ETEIDTHALENITIYI R I TVROERECETT, B
% (BEA ) 122 DBEEBOA/NMNCE LI K/NDATHEK (“FEOFL" &I HEED A
Mp->TTRIELD)BIERIEDIFLOEZADBARBICIE 1D TH Y, 5T, KK
b2 EREHEOIBBOTNEENIBIBEINZI LD TH b, 777 —IFTDEZ
IR > TIHDO R, KIENELEBT L E08TEI, LT, HEMICHREMICHE
UCRENHMERT 2L 0D CEZDERSR EIC, TBAIINOBEEBERINIDTH %,
zochniIcz, =a—- bzl 7)) vFET JOhTHEINCONTENZZ L,
AADOREELIE-T, INBBIHERERLEZEOIOIWHDO>TNEDTH S, WX
NESOERBETEINILDDTH o1t Z, TDIHKKDEVENS>1-DTH
%
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RINCTIBITH > E WD BETH B85, RICBNT 2012, 0 &izRxtic, B35«
EZEZoNTHOIH DY, BROICALEHALILENSZOORTH 5,

48, XORBELBIIEECHODNTENDEKEZI 0T BEE, ZONRESATH S H
EWNDHT LI, HOHTMBILTHIED, LHL, =2 — b YBKEONEE T Y X 4
TR TORLBOEUELROMLICLIcE X, A 2L DHR BFDKDK” €O ThH
BUCENEZADNED b, BIERMCHBECLIDTHS. 2hld, B EoICiE, FIAT
bRICEIC, D0EEETT, COMABKEREM EROZHBICH T TEZ SN T
DPOTHDo THRETNRENRBES, KBERENIXRERHSDHKE, 252 DX
"BHOKDOK" DS M EROEEHSAETHS &0 SBRERLBONDTH-T,
MHLCONTENENT Y ALICEDZEBRERS B LRIBHICHKEK 1D TH B KB
LE->TREDT, =a— Vi, MHOKESFEPBIEATIHENS L EHHRT S
LETET,

INODRBRE=2 - YOI EIELTRERINSLD, BOT YV FETI TS,
z0 [E3F] OFHICBY 1o [H¥T271:00#KA] oI, “ Liss-T, BUARE
R LT, TxEhED, AURRAEAZSTHRyUIE SN whd 3XE LT,

B2, AMICB 2R EBBICBIZER, 3 -0y /N8B 2ADEFET A
D ARBITBZHEDETFT, DPNLONDEFROXDONEKRBDN, HIRICBTEHORHE
RE BT DHORH,
LRINTHEDTHB, TR (SB0EETR" BE” D5, 3FLEDERLE
{ —REIREFRERY, B AHBARLOET IRENHEOMIZELIT bOTHNIEC %,
cokS1s THA KYMT 2 ELREL 1D THD, RERLH EROFEEEPDE
Jtrma— b/ ThH-106C%, 2D EEECTCHESBREL TV OTH S, ROBIIC
B55, BRENEEBESERT LHICIE~1cDId, BHORBITI > TR EDTEEL
1o ISR OB 5N 5 X DI > 12 1I9HEHBELED C L TH D, CNUCE-T, EBift
LESOBEFHEOES I XN, BENOEMALOEREEL XV L L, TROLRERD
BELAREIC IS » /eI TH 505, B OB BRORBMMEAEMAELTODOWE" ¥ am
AORAT ARV LI T P.Ya —nid, REEDSBILERICOVTERLC EHKD
ADDE DD, EERUTHRTAILDTH b0

W ZNERBEC LD THCEBERHOSH B ETH > Teo BIHRREOFENENL S &0
AT ELEFTHCOIIREMIBARAREONRI TR OB DTH 55, Z1UTIMZ
T, EICROFRYY 2 ~ VOB H -1 DTH B, THbL, BITIREDOHDOHEHHS
HBINTEERNEDL, COBERESFEAL THSBBYOLNADTHEELDS, SLALEDS
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HBHROHBICL > THRONIEHLSDOERE, MR TREWVERICE >TEBOLNERE
O ODOBHETIE, TORBERICHENDZLELLZO0MRTH 5. EROZESE
STRUDT, COLIBHENLNCEEY 2 — VRO L. 2, Ya -nicd
ST, GULABAL, MEBRBRBREREZZBZIFLCETHAD, 20045, 2BODN
LN, BYPLSHPEDCEDEHIC, D TELITHBCEHEBL LB LICRDE -
THBDTH 5o

SlE@vng, MEs EEMOEADh SR L TR L b 0TH D Kic,
FEAFOREERECHT ZHED | BE %, —KBEEE S BIH L1Ibs 5BA LTh L
Do TNUF, BEMMEOERICET B0 > T DREEZ 2 1 EHATHY, NE151E
BHEE BT SBENERETT 1 SR TH 5.

I Ny PUVIEKBIFABRRDIES

Yz A LK ey bV (James Hutton, 1726 —97) i3, fAlk 0 & :ERMESLOAIBEE LT
MoNTNBe —h, FABRORREEZIE, TNEBEFEEY 1+ VT L v~ = (Wil
liam Herschel, 1738 — 1822)iC K > TR AN/ L WD DORERDBRTH 50 LT HDS, /Ny
brisdEE B & KIT DN TR UF1 194 S5 T0D3EE A Dissertation upon the Philosophy of Light,
mmmmmﬁimm,ww%%mwﬁwmbk%mwm@M”mﬁﬁméo,cnu,k%
BB %S > 1RABKD L ETH T, FMREZD DML SIZNDTH B0 TD/
y b OFEER, N— Yz A HSED “invisible rays” THOLRABD C LA BN —BOB
2 X0b 6 R HIRSN TN BDTHSo LictinT, FASOBRADRERL, -
2VTRIELT, TLANY P VTR ONBRETHAD,

botd, Ny P VEHBE, BOORADBELZTHIKEEL TRWED 72L& 5 TH B,
Dissertation D uCE RIS , —F D #FE 5 (phlogiston theory)iz iz DNy b Y HE DY « # » k
DOEEwEF LT, 2D HHNIEFHEH (caloric theory) A5 T 5 T & Th »7co Mg,
v b3, BHEFNBROFEL LD TH S T AHOBICT L THL WM EZTT
W12DTH 3 i)iﬁ,) T D Dissertation I3, XEBEKAEFELETAEETH >R E D5
T, ARDEBEREALEDPBDP>1cEITHS0 PYavy s FUAT2TiICEB Ny bV
DELIEFH L WERICBOTRZ, Dissertation D &2, BLT LEBFTIOTHIEITTH
ﬁUrw%aEv&a?mzr,%-m-kwﬁﬁanyry@ﬂ%u,m%&“x%%ﬁ”
(solar substance) & 2 FHR T 2 HARNLIDTH >0 TDSZ, BOXBNT OV ELTH
&f&%c&m,%ﬁﬂ%?ﬁﬁﬁ@@éé&caf&oﬁf%Mmm@m”&bfwnv
P ORABRESHAEDL S SEHINMNT TSA IRV >20DIL, DX D REEREK
E2DTiRS B E D
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ANy bV EBORBIC & B &Y B BT DR & < ICAR I (“the read species of light”)
T ABRICOVTATEB L E0BD, %k, INECHRINLKOEE 0
FCASLTRET IO D TH-Ichs, EFOFESKI BT E Lot
A1 DL B, €IF BT BB EER T (BL5LEI 7 —D
EE Essai sur le Feu “DFEREY 10 2 -7 ), HOTOESDBRIICWERNEHY 2 5
D, BROBRIE>TEENIDTH B EBZ DLt BT HLHIC, 7T
—RZOERBEREAHRPLT, RKEME & > BOBHEIBEC > T3 EEZ 12D TH 505,
Ny PYRBINAEBRRBTALEBTERE Lo EVHDH, Ny P OB LI, B
WHE D ST A DI, BBEEOTRELT, AARORTRENE RS ofeh b
THbo
Dissertation {C X, RRERICK 1=y P YORXIT, BEBERICE->TRHHEL
ROXHSBEBOELRLICEDTD -1
BHAXT O BAENIL, MES (power of exciting heat) CH LT, L O KX 0JEN
(power of giving vision) & > Tl b, £ T AD, RONIBZDORTTH b, 2%, &
DRI LTRSS X D DTH B
Ny bRESICHRGT, BBLTRE—HI EEOBOXOESEOEHH" L HIBZR
w&@,%ﬁm“%ﬁommﬂ”&wﬁﬁ%m&%&b@%ﬁm#UXAK;5&®147
PACE>THBOHTH B0, RER, 2EBOBOOMBIELEK LI Ny b Y OER
KX >THOMCENIERLTOBY COERICONTIR, XD BOISEBEEHE T
ZHIEREIATIED CEMBBE Ny b VI>EBZ TS, FEENETR DI >TH
ﬁbok?&@&%@%ﬁu,"Eﬁé@ﬁ@%%%bhﬁébfi&?é"%@T,%n
BRDXSTEONT,
--------- REZBEONDOEIEZFLOVERNVICT BcbICRN TR, HFERES T
Ty, ZOXDHLE TR ETOIBELCITZORIEZTTELE0ISDTH 70 T
SLT, 2EBEONASLVEITHETZE8TE R, T1HOE, ROKDFROE
EMBODEAWNKETH B, RNOT, TNODHD, RIRICTHT 2 MBS DK & IEHE
TAHRLENTE, TDEHICLT, —HOBBIRMMALD ST > MBS E
AR LEDTH B
INEBEDHEH S5V EDDRRICONTNy b VIBIRICEBL TV 5,
BEOARRECH 2K BHETHE, BEAETRTHBRTBOBLESNHTD %0
L L, BOBIBEL LT IL2NT, KIRBICHROBEO S DICILE, Lichs
> T, pHONORBI N, ki, B<{BEonz313L, RE(HEREICIDE
CIERL, DR E L DD RTENREBRHET 5. LA, BROBLELTNTT
23Y, BRICROL UHER LI ThEES BT BRI SN2 0THDS
Ny b RZTH S, ROLIBEERHERLZE O, TH05, BRDEAVSR/INC
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BoT, " SO ONORFEICIERA LS E>THod,”
BEXBEHLTVEDTH S, DNLONDOREBERZDERER LI LNICE
o9

Wiz T, AHOREINHER UL BARARIETODTRBETHLLICERLT

WEo AMDIRIE, KB IBNDDLE I HEHINTEZEBTEROLLTH B,
BEOXICNICRITIE, HEBEEECRIZN, BT EBNET AR
Cit, ZDEFICHBIKDTRICRZ BDTH B2

THLTNy b7, ROEHDICERT B ENTET,

ZNWZ, T I, obscure EZ I ONLEHONBHEDTH 5203)

X OITHERALED T, BIITDEHIKEL T3,
C@onﬂMﬁ@M%ﬂm,Cﬂif@iiﬁééKﬁ@&ﬁU%?

Ny b 3T D% obscurelight” &, RO &K H1E, SFXEDOHD " BPE” (gradation) & D3

RCRZI T 5,
HORELAEZZDIKRBELDHL VO EFHELICHEL T B0, MERERT 2iICizZzniz s
BLTORBO DM, TNERBRC, YERERT 2RELENES ->TBEH, DO
PHOBEARIBT 51CI2EEAEBLTORENSDIC 5 E TOBRES

BizLrd, ROLHICRNT, X7 bPVOFRABDAIL 5T, KAICTH I EMES Hs

HAHUREEEZREL TS,
bnbﬁ@@ﬁmﬁﬁﬂﬁ%®LK%TK§,K%%ﬂﬁém®%ﬁ60K%ﬂééf
5552

EE Dissertation DHILTIL “obscure light” DR D IT “invisible light” & N> SEEHSH L
SNTVAEDS, WFRUCLTd, Ny bYid, Tk, X B - kicBBT2H5DRBICL
res-> THRRL, BAOBEROBME LTRY LT/ TH 5, BIEE Do

LB E BITHH IND &b, BBBRIN TN E XICKER (B ) pEAII
BNB LS CHZ DD ORHFRTH B E0, FELTIEESHND
UL, €77 - DERBOCEAELTODEIDTHb. E77 -3, V¥a—-VDEREE
DRLT, ZopUEELZmH AL TEBL, 20— HDEACENYKRE, ok
RICRESZENT, REFOREBSERTLCLE2BR LI, 2L T, Znx2HHALT,
COKERTIE, BB SHEHEENHE T, 20 2 MoMESETRHE LTBEFOET A
WWEE ZDI LR~

Ny FYEBULHL, BERELEDE ENH T EBRBDAIEH >, WORRRTIE, &
#BEL, 20 “BEHOKR " (modes of trandlation) B T, MK d 2 e " (affec-
tions for bodies) iICHB T d, 2 HEL THBEDLLTH 7o

HEBEER LD, KBYEO <« DEBE LT, TRTEBRAETH L IIICRZ 5,
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LirL, COBD=-REMEDTES T, BRSNTIRES5LD
B2, PRERIGT R ERLIC, 2D ZOHMEEHATHCEBLIC, Hhdh%E
BRI OLNAT LB LL, e Xid, TOETICINLT, YD, BEX %
bOMBREEINBT EDBIE. LT, iz, BHEHE DS, 2 BERE
Bt RL & 5iC, BEICHEEBT30THE
ZDEIBOLFT, 77 -DRBRICENTH Ny P YOFKRICBINTS, B TEIELT
“obscure light” DSBEH XN TNDIREENy b VIRERT 2, BIZZOHRE L SITKRD X
HICED TIN5,
LHOONIE, BRRGEH (ORI EEZL TIN5, 213, RAIERT, OEE8T 30
KE>TDHIODNONDBRDIBDTH b, L, iz, DROYELIEAT L
ERLICIE, TROLZOHERDTILENICRIGELAD CEIRLICIE, EERT L C
LRTEN. LIcs-> T, PROEBMTRHAINZ T L8, TDOHIKEAL T -
TZOYVEEEET IREEAES > TA I, AHEMIREY, EEZ ONIEH
@%ﬁ&é@féé?

/Ny b ¥ D Dissertationd 7 Parts 9> Gk 555, Y EI3TXT, £DPart 1 &Part MIDKEEND
BRERLLBEINTVEIENLTH B, TTT, ZOEEDParts I~ IVICR DN T BHEDN
CBOBRETIEDDE, ROEHKIBETHH D, Hid, ZHLBRYEGDE A B ICEE
L, DROXRECRHIFONE, B, BREINZZ L6713, RETRCEBEL,
FAAR TR EBMBANEZ S OBREBEEOIH - T, £0Ud, BHEFIBAL TZOYE
LALEMICREAT A LICK > THRNICEEE L I ¥ 5, L, " XBYE" LEX0H
BYBELEIECLILODTH B, D" KBYWE ™ 12, KBEELTRO YKL S, XOFLE
%tofm%éné?cmiﬁmﬁﬁmﬂofnybvu,xﬂﬁmﬁwmﬁvmm<1m
OHHAEZI- I T - ZDMOAEZEAHB LT BEDTH B,

Dissertation DPart V TI3BEED AR U, Part VI Ti3, * KBYE ™ KEIPBEHSSH
EHEIHERLT, ES AL HOERBLTOED C iti, X, &, " ABHE’,
BREBECETENy P VOBIDBFHELIEBINTVEY, BRIABA-TED, HTL
b—BL1:bDERB->TWBHNEIKRFZFF S5,

LU, BEoPart IICiE, 7~y b D “obscure light” LBEEDH 3 X HOH TEELIDR
BH B THHE, HiL, KBXROKZEOMBNLHETIEBRETRRL TNEDTH 5.

KBOXRZELETABRTBHOEEANTH 5. bbb, O X DETEHELEC
DEEBNEE, ZTNOOMBACBEL THBRLUTAKLVWERS, T80 b5, KiCkDk
KHOWTRNH Uz EERRIC, B ( OX ) TRz ORI U Thngdbs
BAKDBALIDBREOLEID, LWVHRBETH S, LIcds->T, EaXoens
NOBHICONT, MBI RE[BORAHE, RI2MINHE UL &M 28 -
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CHERBIBIC, DOONLETCORARED 120U S5
EANEDTRFHEELELTR, PVXLDFEREB7T A VE -DEREBHZELLTHLDS,
EANTETEZ BB 5T ) XADHHT - ERLTHS Ny b VBT B 2
LT, IRERLENIDXHINERERA D XDICEBLTIN S,

Part VIIOH& D ICE OB ITIE, ROXH BT ESIBINT 5,

FzRHNT E, XOBBIKEBELTHEEZL LD >TE i, ZNICDNTIIT T TN
BODBBEETHADo ZDEZDVEDR, TV XLTHRIABXOED>OEKRK S
HOWEE, s OHE2BEAORBRTEARBERHELBKR L THR TSNS ET
55>

CDRBDEERAE Ny P YBLRITROEL>1c0NES, KBEEHEL OHBH LD
WT, ) XoFrhi3B7 4 VE —TRE 1 ZDORENOUELHEHET A EDEESL
WD TN &iF, PEDZERHSTBICHEIND ETATH 5,

CNETRTERLEIC, Ny FYOREROERIE, " KEYWH ™ LRELFE TS
REiboT, zrucknid, B, HERERL-T, BHLBENERH LIBHDTH
S>fie L, £D/Ny bViEd, ROKDFNEERBORNEEZRET S EICLD, &
1o, ABEDBEZ T & X, bEIPHREAER I N>R CHBBMATDH BFR
AEOHAB L THEDERNHTC LK, “obscurelight” ZFEB L1-DTH b,

LAY, Ny b V>ZOEEFIC INODORROFMLTERSTENLHRESE LT
W15 “obscure light” ZBITERE DREFKTRTENHI T EH L TR, £DDH X, “ob-
scure light” BT 28 Bz INd, oD, HHE TEHE LW EBLTROER &
LHRS>TRINTVBIDHDIT, - OFRRG, FREIZFMLUNHESHLTIRIZOD
THbo UL, TR hH 5T, T0 “obscurelight” %, IMBIDOK XUV, &
FoELEBIFED" BE " K0 3B AR, AMOBEBAREBI ¥, &L
Ty PYyBEHBLTOBLLE, 212, WICIZRABORRALBDTULLAEREEDT
A% TUT, TICHIEFHLIX DT, BABCHHOMBNNEET 2 TREEEHIZR
BLTHDTHb,

BE, CNREZEDSROBEICKRIRINBOAEIATHEH, TOETRMRORE
BEINTEXILT 4 VT L o= 2 VB, /Ny b O] “obscure light” > ORBA G &b,
KE»SDE M EMMEABHTHEICHDNT ) RLBLUBT 4V E -2 HNTEBEXD
MBNERBRDENI Ny P VYORBOLLE Y M A/ EDLNIT EE, TRRHDH>B L
ETHBEEZ SN D, IB0FICKIFEHED N~ 2 i3, BEETKELERIT 5 X1
MRBE LRI TUDLBBRENIDIENKDICT B1HICIIFBDO T 4 v E —BBEBBELT
WELEBRBZENT, —EOEREITIS -7 i, —FHT, 7Y XLTHI 1 KEEAR
OEBOWICEETABOTCENEND " MBS " ER D, I " HsRe b
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2RO >TEDIH>EBHL T B hEALLICL, MiF T, BEXSEDS & T, X
7 PADSDENENDEDOREE LT TROLVHENE RBBED" BEH " L HE LT,
ZHLT, n=varnid, EROBNTHIRBEIET 4NV E —DBERDT B ENTE
DAHIEST, EBROBET, " KEObOK M Eodboicd, IRYATFRICT 2 N4
e EEEs B 5" P LS C L ERN LI DTH B

NV 2 VISEH], BRENBIIRAEDOSDEEZEZ TN, ARICEBES—EHDRID
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Forming and Learning Scientific Concepts

—— Some Historical Examples, Including Hutton’s Discovery of Infrared Radiation —

Masao WATANABE*

Students encounter a variety of scientific concepts in the course of their scientific education.
These concepts are usually presented in our textbooks in a highly consolidated form. This may
be the quickest way to introduce new concepts, but it is not necessarily the way to ensure that
the student comprehends them well. For a better and deeper understanding of a scientific concept
(as of science itself ) it is often more helpful to observe, in more or less detail, the historical
process by which the concept was formed. This will not only help the student to grasp the basis
of the concept and to see the development of science itself against the broader backdrop of history,
thought, and culture, but it may also reveal the attractions of science to new categories of student.
The present paper draws upon the history of science for certain examples of the formation of
critical concepts. Itis hoped that they may prove useful in connection with the above approach,
particularly as it is tried arid evaluated in practice.

New scientific concepts are not solely the products of scientific investigation. On the con-
trary, in many cases they are formed by means of analogy within a framework of existing con-
cepts. Indeed, scientific concepts and theories have been based on a very wide variety of pre-
existing concepts. These range from the broadest and most basic, including the prevalent world
views and the concepts of nature that were accepted when the particular scientific enquiry was
initiated and promoted, to much more restricted and specific concepts, applicable only to certain
phenomena.

The concept of universal gravitation, for instance, was formed in accordance with an ex-
tension of the concept of magnetism. At a time when the magnetic compass was finding effective
use in navigation, experimental studies of magnetism, particularly those by William Gilbert, and
the accumulated experience of the navigators who discovered the dip of the compass, established
that the earth itself was a huge magnet. This made it easy to formulate a kind of magnetic world
view that assumed, not necessarily correctly, that magnetic forces acted through space between
the earth and the moon and between the sun and the planets, This played an essential role in the
formation of the concept of universal gravitation, Thus, Newton expressly distinguished between
universal gravitation and magnetism in describing his law of universal gravitation in Principia,
a distinction that we hardly feel need be made today.

In some cases, on the other hand, a distinction was originally inferred that is completely
discounted today. When Newton studied the nature of sunlight and the coloured rays into which

* Affiliated Researcher, Research Institute for Higher Education

v
cAlCnNer, Kesedarcnt Ing Py Ao pLLIIE- 28103 43 2ai0daiailia wIVO,
o i

Science, The University of Tokyo.



80 Research in Higher Education — Daigaku Ronshu No. 7 (1979)

it could be resolved by a prism, he felt it necesary to repeat the experiments with the light of a
candle and of ordinary culinary fire before he could assume the identity of the phenomena of
reflection, refraction, etc, Until the late sixteenth century, the celestial and terrestrial regions
were considered to be entirely different, and therefore celestial light such as sunlight might very
well have been quite different from light originating in terrestrial bodies,

A similar example may be taken from the work of J. P. Joule. When he discovered “Joule’s
Law” concerning the heat generated by the electric current from batteries, he doubted that the
same relation would hold for the electric current from a generator. In his mind, he associated the
heat of chemical reaction with the electric discharge between atoms in reaction. Therefore, in
addition to the differences between the sources of electricity, there was presumptive “evidence”
for a difference between the heating effect of “Voltaic Electricity’” which was chemical in origin
and of “Magneto-Electricity” which was not chemical at all. However, when present-day students
study the reflection and refraction of light, or the heating effect of an electric current, they need
not be concerned over the particular source from which the light or electricity comes.

The last detailed example cited in this article concerns Hutton’s discovery of infrared ra-
diation, based on the author’s recent findings. This will supply the reader with an instance of a
scientific inquiry in progress, in which the discovery was barely made and the new scientific
concepts were still fluid. James Hutton, who is known as the founder of modern geology, in ex-
pounding the theories embodied in his work, A Dissertation upon the Philpsophy of Light, Heat
and Fire (1794), mentioned his experimental discovery of ‘“the obscure light,” a kind of invisible
light that was endowed with great heating power. This could, in fact, only be infrared radiation,
Hutton’s book was published six years before William Herschel’s celebrated papers in which he
announced the discovery of his “invisible rays” and because of which he has been regarded as the
discoverer of infrared radiation. But Hutton’s discovery predated Herschel’s. Hutton was led to
his discovery of “the obscure light,” when he compared the heating power of “the red light from
a fire of coals” and “the white light of flame,” and when he noticed the fact that, as an incan-
descent body cooled, it continued to .radiate invisible light that had a great heating power even
after visible light ceased to be radiated. Hutton, however, held rather peculiar theories of light,
heat and fire, which presupposed the existence of phlogiston and “the solar substance.” He did not
seem to have fully realized the significance of his discovery and did not give a full account of his
experiments in his Dissertation, where he was more concerned to argue for his theories against
the recently proposed theory of calorigue, Thus, his discovery of infrared radiation , “obscure
light,” seems to have escaped the notice both of his contempories and of posterity. However,
despite his primitive perception, Hutton deserves to be acknowledged as one of the earliest dis-
coverers of infrared radiation. It is even possible, as the present author supposes, that Herschel
derived some suggestions from Hutton’s mention of “obscure light.”



