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Abstract

This study elucidates the transition process from classical to quantum physics. It shows the
persuasion towards the necessity of quantum theory during its dawn from the viewpoint of
acceptance of quantum theory, which until this point has been largely overlooked in previous
historical studies.

This thesis especially argues how Einstein’s theory on specific heats of solids, which had until
now only been glossed over in the previous studies of the history of quantum theory, actually played
a pivotal role in its acceptance. This thesis also describes the actual process of discovery for the
critical point of classical theory in detail, and furthermore, revises the history of the transition
process from classical to quantum theory. The structure goes as follows.

The first chapter looks back on how the previous studies of quantum theory described its dawn
and review the commonly accepted historiography. In addition, using Pais’s points on the
significance of Einstein’s theory on the specific heats of solids as a reference, the objective of this
paper is set as follows. This paper shows how the energy equipartition theory and radiation theories
were viewed during the dawn of quantum theory. Also, this paper shows the development and
reasoning of Einstein’s theory on the specific heats of solids.

The second chapter examines the testament of Lord Kelvin who, similarly to the debates of the
First Solvay Conference, argued the necessity of abandoning the energy equipartition theory based
on the problem of specific heats. Next, there is an examination of the situation of the energy
equipartition theory at the time, and how Lord Kelvin’s argument was received.

The third chapter looks back on the history of studies of heat radiation; experiments, theories,
views on matter and the importance of their interaction. There is also an analysis of the thoughts of
Wien, Lord Rayleigh, and Planck from the perspective of the views on matter, through which it
translates the history of the studies on heat radiation into a history of views on matter. It is on this
which a basis for discussing Einstein’s theory on specific heats of solids is created.

The fourth chapter examines Einstein’s series of papers which show the progression from light
guantum hypothesis to the theory of specific heats of solids. While elucidating his views on matter, it
shows the thought process and meaning behind his arguments. Also, the contents of the first Solvay
Conference (which is regarded as the turning point of when quantum theory was internationally

accepted) is examined, and reviewed how it approached the problem of the specific heats.



The fifth chapter uses the views on matter as the axis by which to reorganize the otherwise
separately viewed topics of studies of heat radiation, light quantum hypothesis, and theory of
specific heats of solids, in order to create a new historiography to replace the previously accepted

history of quantum development, which set radiation theory as its axis until now.
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AWFZED BB, H GRS B~ OB A AT 5 2 L TH L. RO E T

BT, AR A B A OB CE L. P UTARRRSUTIE, Efam A R
LB R BT b OMEBOEELZ I EFmOZXAOBELEZ#M<. €225 2 LT, Kia
XX, 7A =2 H A (Albert Einstein, 1879-1955) O [E A LEVHGHAS, ek D E1-FHs C
SONTNDOLITRR L4 T, HHRN GBI~ OEHUCER L CEEREE 2 K7
L7c&Wn) FREIT S .

AREECTIXSEATHIGE A2 8 L Calan 2 el L 72 B CARTR SO BARRY 72 B 103 X OME Rk & 3k
RO, FIUEL ST, ETARWMINT TICREIEAL TS TEFmERAS v

IREEERLTEI .

B, ErmOBELRIZITNn 20BN db oz tZEx b TnD. T2k 21T,
BT 1927 2D /~A kT — (Walter Heitler, 1904-1981) & v > K> (Fritz London,
1900-1954) |1 & B KEN T OIAREAGOBRNBIAED & ENDT. ZOBEBITABET, »
A FT—Lur FULENCIE, BFD7E O TEsita 234 2 B MEE L2270 -
T2l ThD. Lo T, T'EAHEF) L0 HREIC O WY, Z08ME Y ORHICE
Diteim DAMITIRN. TAUE, TREF6) VI HREICONWT, TOMBEV 27T 7 (Max
Planck, 1858-1947) D¥EH i Z ik O B BEENEA Sz 1900 4 &35 2 LTSGR
RODERLTH D

7, 18T 715 O%EIE, TN EDR R THRNLIZONIOWT, #imORMDH 5.
DI, BFNFENBNTRRTIERBHRICER L, TORMAZHEZL L5 LT 5
KN H L. THIIERASR CWOHERENTHS. AR FwmE L, —MRICBLTO LD
IZHfRE STV D.

B PRI OE T, & IR —T DR EmN P bEFNIFRAEE ToORTF
WMAEWIZELH D, BFEROFRIL 1900 £ T 7 NEEIEH O = L ¥ — AT

UMb ONERdP), [OMRIRR) Bhrs sbffrsbfiEsn], 1994, p. 1111.

2 272U, REHEICIET T @ﬁéﬁﬂ“fiéﬁ?ﬁ:fﬁhk‘é’u%)J@%%TEE@%%%E@%%T@I*/V?
—BTERRTDHZEIETERY. YT EE, HORKNERICEANL-E RIS
DN, HYPNE T g V¥ —8FH] LMEATEY%IC EHET) CLTEELELTY
L. T2 OBEFMENLBIEOER TOZRNX—ETZm LD, 7ArvaX
AU ot. TOZETEAETHELLGHG LS. 7707 BHOBETHEDIFOT DA E

IZOWTIE, 77— 0MfEEICE & T 5. Kuhn, 1978, pp. 200-201.
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VoA R A ERRANICE N T 2RI =R X — B A EA LT L i2h D, ()
B FEIZR =T NIV 7+ — FOAEFFICEfmEBET L, EHRELEZOLEF
Gl DRI % & D DIRENEESGM & 2 E LT, KFEAXT M EHLT LI
HLEZZ LIk T, BEFimidAs MUK DR HEEOMRA &) = 72 @i %
Tzt

SOFED, BEFIFOREMEWDW]D aRoN— RN TR E R L, FOR:
L 72572 —7 (Niels Bohr, 1885-1962) DARMHMESELANEH S A7z 1927 4ELART & DA% T#:
TRORHZ ST LS ENnNHIDTHS.

ZHLT, BIETHREVI HREEEATLZ LICLD, BETRIEERIREICESL
J AR IE TR | Z B O DS E DI TN R & AN e IR &AM RO R RIC LB - T
1927 FELIRE & ORI NE S 70 5. B E TR & WV o HREIE, BICEFim s Lomil 2 #
T2 TRL, TORGEN TR O Z BT 2 REE E L CHLHEL T\ D DT
H5D.

2R, WERIEE L L CORMBIE IR E VD HEEE, F ORI REIC W TR
FRIC D ANE DML TN &0 D R 38R 9~ 2 B, & ORI 31 2 R F-HEam S o
A E RIS SEDEWEMZHF > TWADOTIERWD. 728 20, R—7 DR
F et L7z 1913 FEUART O EFam OREEFOEOIE ZIZH Y, FUIED L HITBY
BOoTWVSTZDEAI D HDHWE, BFmOZFBRIZIEDOL I REDTHoTDTE
A BfmOZREmRRE Uz TRE ) &V HEEE, 295 LMoz ant
T HNRERFSTVD EEZBND.

Z T, AWETIIH IS TEFmBEAY) LW EAT L. Zhudk, FiE W
Mo, L ITAR—T7 OREFEEmLARTOR 2803 2721 T2 <, 20T E
FHROMBEENEE IR SN TR -T2 W) HIC b IEEARET 5720 Th 5%
ZOEARNZRRENE, 77 27 B BRI TR RS EZIRE L7 1900 4F0 D, & EED
VEPERZR SN2 L SN 0N EDE Y LT = A BiEE TO, FI10ER 257
Tabb, BB E L, GRS BRSO S L TER SN,

8 THi S5 (R, [OERIND Blrdstpsifr], 1994, p. 570.

4 ARWFFEDN BRI & RSO LRI 2 R HEE & LT, T0ld quantum theory) 23%
. LirL, ZOMHGEITEARE LTV, BiflEFamE w2t H o W IR Em &
Wo ToRF R T 2SR EE & U TEL L HRETIEZ2 V. Leidler, 1993; Pauling,
1985.



1.1 JEATHFFE D i & s O fERE

PEROBEFFHLIE, BEREHMORELZ EO LB L TEDIEA 9 . KX

FRETHLTA LY 2B A R U SOMH, Tbb R TIGE & B B3
WCEBT DL, ITHRIIRE S EDILHTE 5.

ZOFE L, KEFEEUCE LT 2PEEEEEGRICIEES K L2nb o, F %, &
TGN 2 CEARLEERGG b S KT 50, BEMERSHRA+o2bo. B=0F, KF
IR D > TEKHBBEGR S S L S, T2 OFEEER ST RRA LT
HHDTHD. EDHL, HMPZRETRELICE > TRITHEEMERDDNE, HLH=
DEATTHD. 125, FHELREIZBO Tl O & iR~ Ol & o X5 ICHfE
ENTWEEET O, ETHEMWTRVWE—DX A TORRNS TN ).

—DX AN, FEHEMRENTORFLRERE#AE L TR, BEfmla®ife L
FRWBHE R FCRERICH S < ARWERHEEOBEICR ON DS, 2o A IR 2Rl
I, FRXFER L B RR OB K o THHMELEN O BRI~ DIl s s L35
LOTHD. &2, BIFLTELRBFRF AN —~ O [ oAs] T, &

TP ORELIZLL T O L S IZik s Tnd

TV R DT RNF—BEFOBHANL, HOBRT) TR OWmETELZZ LT
bole. ZLT, = b E—ITHIFHMIB )P RERE B2 K5 & LIe2 )%
HI7RRREI, B A B b R RE 208 U7 1890 ARG O CHAE LT-D 7572,
(hg) 74 vvaZA %, a—L Y OEmICBIT RN AEFL=—T v
EWVD Tt A LY B, KT T CTHD EETDHZ EICE T, BRI
BENFRHETBE L NS ZoD b DDMITHZZRIT LS L Lo Th o7, () 20
AR O DWBLFIZ BT 5% LWEERIERT, TRhbbT A va A 77070
DOWFZEIZIIT DA R & B FmOIREIX, £ 9 LIERENE Uk, 37b
B4 % < 5 1890 AERDOFHFH HEI 0 B LTIl UNCEIET 5 2 L N TE 2200

=2 U, WhWANRTHEA Amh i liliial & rimE ORI E I L7 Z S lcx LT,
19 e B s & 2t s & BRI S B OIS Al & U CREE, A L)
5 BRI BRSSO EAHA O SN A RTH LT D, ORFZRIE, 19 B o RS o

5 =L 2%, NF—, HEHEER, 1966.
6 N—=<, KIUER, 1991, pp. 169-170.



TOEBEBOFHMEP LN LIZEDOTHY, KXl > THEDOERITRKE V. LL,
WIXFEANC G, W EE D O B ESR A~ DR 2 B & AR B NZ 2 i
RKOTEY, BALIH LWBEERRDS & D X 9102 ST O T DWW TE—ElEE U Tuh/an.

BB REICBWTL, TA vy aZ A OB RN FERICZTANLRD
FTIARCEBI0FUEEZE L2 Z ERMON TS, [RIFR AT EE] Dftik %
ATHED.

HAT DN TIT YR, BRAEH A AR INTEY, HEFIEUIES RO b
Mol 1916 FEITIT I U I SR TF OFEBRIMEEL G2, 1923 4FI2a 7 ATk
Har7 NURNROEBRNBTON, I TIXWTFEILT A v aZ A UPRilbRiz,
B e (ClIdE) OEFESEZ L OE VI bEESN, KOO HEFRDA
RBEnszZLicmor.

ZDXEHIT, 1905 FITIREINTT A v a ¥ A ONEGEIE, D7 &b 1916 0
3 U 1 (Robert Andrews Millikan, 1868-1953) DJEEZNRDFEERIZ L HMALE T, & A
EF ol ZTFANLN TR oT. ZOZ &, UFTHRRLE DX A TOET
BB LN LRV EHEST — 2 I Lo THEMIT DN TEY, EfmtoHEMFIC
JAEDHEEL 2o TVBS,

T LS, N—~vrOFBIT 19 DT ThH Y 20 A ERF TIXRW. 2072
20 HACHIEH OB A DOV T OFLIR DN FEIZ R 2 DITE O RV, £/, xR & & i &
BICTA v a XA UNEUAFICRER LI, FEEMEETICE, 2o LI LIEE
RPBFZOLME LTEL D THDLNDY. 28, UTFTmL TV 21, HOETiHm
B OREEEER O THEY & oWIE TERLEIER ) OFENRE T RS2 b vz

TODEETEL GEEIR), TUERIRR) B sb i sefei], 1994, p.357.
8 7272L, VB arsT NAT Lo THRGES VA LLRIZ, SERIIC & TG Z2 = 1 A
NTWEREE I W, BRETIE, ARMAZ THDH. £9 LERFEELZBIZONT
X, ROFEAEE LY. Brush, 2007 ; fif&, 2011.
O T A T a AN, FERMARERE S, LB TGRS L OOt E RO, 7TV
/@®®ﬁ ZH U7 1905 1%, THBO4] L bEbihvd. BB 2 R8T %
i & T @E%&%mﬂ,HLA%KioTﬁDEKmWéﬂtm%T%é.w%&%>
%HMEEK%E%2%5$@,NHW(E%%@'Em%ﬁiﬁé)Kio((ﬁﬁ%
BRAR ) ICHE S, R ERAE Y, EERGE T OIS, TEEYEE) & LR
TTA vy ad A OEEETDAETHMUNBEIN. YEHIASNT A v 24 A I
ONTHFHLEELS Z IR EIFEOL X678, EFIME LR 2 —FERIK
FL, WM R ARLZESFERICEDZ. V7T, IRR, 2005.
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L, BFFERRICELAREL S LTUIREE TH L EFDI D5 /20, "=~ bR
5 &9, HEAORBEIL, BRRKFEENTE L BIC 19 i EOERRELFEDO—D
ol ZRUCH b bT, BT L BB~ DRI 2 5ok 3 5 5%, #idtk
B ZOWT—UIEAL TV RWDTHD.

F_DX A TORELFRIL, BFAFOEREIIBITLZN LML —ICLTWD. £D
R, BRI FER T R b bEIICES N TS Z L. £
72, YREOWHSAE T2 H IO E G L TELIS TH 72 2 L0, SO E AR L
HERAEH SN Z EBEEZ N TV Db H L. 72720, B _0X A 7ORLRIT,
HEROFRRICEHZ NENND 2D, HETBEITS O & FimO BRI & LT S 218
M0, EREEEGRITE RN OB ST HERN R EMN TR RHETH 5.
BlE LT, #ixko MEiokES] #5/H L&D,

TA v alArONEFHUSL, BEFIIRAICNANAOME (BEIRSEIE D HE
DORER &) IS SN TIERO HMGRONEEL IR LIH L. —Th——8#7 5 v %
VBN R Y VY = — 2RI T DR A A L L AR O R &1
DIRHRZERD Z LI Lo TUMRIR L 27202 &3, KOO FERO—HIERE 9
Y AV EoY el

Lo, B vEdseE, B L E DAKMEE LCOlgs, 21D
Bn-& oM, HORmOERTE LTOXET, B 1FBFERLIEZOMOMEE
L COlBE R < AL, R CHEM LoV, AT, FRRodiiE, ThEnoHsm
DR SNTZNEFFIZRA D 1372 <, Y AT 2 A RETL IO B Ml ARINIZ L
ATV, BRI REITRSZ RS,

L2rL, ERESIATIE, BV VT = A 25 CHREMEDN KR S 2D LLRTO &5 D)L
BTN EoLRINTW R, TTICHR LI X 21, MEFIGEUZENEICZ T AR
LebiF TlEen otz KMEFRGE, &EFEEER TWANWADORE] ICHEH DB
OBMITHND Z EIETERVOTHD. T, YT HEE, —KEDX L T%
FANOGN TS TZDEA I I B_OXA TN, ZOXIBRMNEZXDHZ LIFTE R

i

10 Bf7K W, 1953, p 177.
1 BRI BT AR TR & B S DR B EE OE DT OWTIE, AR 3 EE
FATHim LU 5.



LZAT, HkLOBETERLIE, o BHFOEFmERIST TR, RFD BTN
] MO BEBEEZT NI ENMLR TS T, ZORFIIEFHREHHORES
ZEDL TR L TWDES D M.

KEF G, N—v kAR, SR TEEROLREIC O W TR TIZW =, L, &
T, 7A v a XA, 1/~ (Theodore von Karman, 1881-1963), /L2 (Max Born,
1882-1970), 7 /31 (Peter Joseph William Debye, 1884-1966) (Z/llz, /L2 A K (Walther
Hermann Nernst, 1864-1941) <° MEIRWFSE) (b o7z DA T o X D5 I2X-T
ITONTMRIZE S TR L7z &k _TWe, F£72, F—RIY AT A RFEITHOWNT, #H
KO TZEFEF OB % FFEIC LT, REIERTHRO SRt O EAER O
RS L LC TR FmAEBIC LIZREaT R E2H) LRSS KFIC L 5 &R
B ORE SRRk 1T, BOEMMREFRY O X 9 R TFREO R LERCR E R 'R T —
5 % OSSR 22T FE TR dr o 12y, BUEDN D R THE T EIRVHFE & B S 20
21z, BN BT ot 20N

ST, Wk BWHEE LD B O LERRIE, B ORI Sz R
WCOWTIRIE LD TP EAmOEMOE ZIC OV TR E TS Ao 1o, B
NI 1T 2 BRI EBFZEIC DWW T O b OFEIRIE, 6 ICHE L 5 X e REF OB &Y
LA oTLE- TV, ), [FURFOLET, HBETITHANICR TS RN
e O AR 22 B2 AR RSB ST e, 20 ER O, JKEHIZE 28
PRI TH D, KEFOEMEITH LA TOIILEIX®, 3T 60 4RI b HILH 72 i
LR OMENEZ R L, FRIZT TR ZEICHLER LEYHESEHZHZ 9 L LTni
1968 - DJAED [P M) 1, KEF & FARICHRIR O IFFERE 2 SRR IS AN T2 B 5 72
ST L ERDH. TORTIREIL, DEEFLHEY LWOHEIT, BITO XD RESZAATEHE

12 REFOBFZEN B ARD BT BEZ LM ELFFIC G 2 B O T, BEBEICL > Tim U
5 TWA. Goto, 2000.

18 Ry, SHEKGET, 1973 4, pp 56-58.

U REOHERIL, B N—F XA B s s b~ L. =720

KEBFIZHRRV IIDoT-. T2 2L, KmXOE2ETIm LD, 7T 1 Vo~ OOD'ft:,t

T—T VR ETEH DO AT ML ThD EWVWIBEN, ZO—fIThHs. BBEIZBITHZ

DO RNKE TH o2V H Z &, WEEEMIC iof%%éhf%é.ﬁ%

&, 2001.

15 P4 E#H, 1980.

16 1%, B HREREER L TREEORED H D ELHPRILO T, £ 90 ) D

o AL ADE, I E ED X5 RB#EIZB W TH DTN 72 S, %@F%#&o

W SIHIZITELIL, ZENROXITEIREL TV o nEREEIZH LW Tolr) 7

Y07 E AR TWD . JAE, 1959, pp. 217-229.

9



mEiTo 7.

Einstein X, ZL Oy G b AE S NRIER 52N EEZ DIV ol TiHED X
INCHETNEN? ZOMEEER LT, TOMBEEMIRD LB L D BRI 722 RTE
WZIE M L TAET-DR3, 1906 ERICTER S 4, 1907 -2 FI S 47z Einstein D
[Planck DS & LRV HR | Th 72",

ETMBRAMICRENT, BRET A v a XA IFEREEEER 25 Ul 0h. KR oE
BTHH L ZOMEIZHONT, BIRMIZSNLL EICHI A B2 & Famlidiz e A 88
ML ZSS5TRWV. 20, REDRNLTA ol A 2 OEREER O I A Te
Z T, BAEORTREITIEE L TV

WIMZB T Y, BEZ 1960 % EE T, BFmSHFEIEAKRNR L OICR> T
o, ThETOEFwREE, WHFEPORFRRIE L cn—B 7 oL oY~ —
SRS TV, AR, 60 4EREIITIE, BELFELTO ML —= 0 722 -HIT
Lo EFFwL, LT AV DB TDRFHROREE & bITRESEL TV,
29 LIZiivoh T, 1965 FD 7 T A > O XA 8, EfamZAB ORIz I61) % [E 4
HEBGGOBEINER SN X Icmo T 72",

SR TG & BN LB ICE B LI A OB TN OX A THTICRA S . REDOE
ZDFATNX, RE, 774y, 7—rb, GMORFEFRICLDETFREMAETHD.
IS OBIRORHEIE, BRI OARLREBFIIT TR, BRI EEN T — ¥
ZERE L CREENRIR SN RICHD. BT, EFimU OB 2 BARES O 1
& L CTHiv 7= 7 — > @ Black-Body Theory and the Quantum Discontinuity, 1894-1912 (LA,
Black-Body Theory) 1%, 7 7 A > »35R5H L 7 [EUA LR GG D& E 2t A I, BHFHFIT X
LR Rl oW A 5 2 72,

7 =%, kS LIRS RN o RV BRI TESA —T L E A R —

17 JKH, 1968, p.160.

18 G- TIAI RIS LTV 5 PRS0 E H 2 3 AR A 72 & i SEAF9E 7 L — 7 I [E|IC
R SNT=DiE, KEOEENRKRENEEZEZD., Z0OZLF, IIr—T70—-8BTHLHSH%
FERPTHRIC L > ThIEMENTWA. 7277, ZZTHIH L oy Edh b i &
N2 HRNEBZDIZESTZ] EWIHIREDOLEL, T4y A U PimXH Tl
REXFEZTZOEEEBHA L TWALIETT, o< SRR TIZARL, [ERLEEL G
DB ZRAINC BT DALE S THEIA T TH S, Goto, 2000 ; FEEHM, 1980. JAEDA,
EDOITN—TO—BICLHRENREFWMLEIL, LTObOR®H LS. mik, 1977.

19 Klein, 1965, pp. 173-180.
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HINZ T, EHFGHNOENT-E RN ED L ) REREZRTHRZEENICZ T ANLN
HICBSTENEH U, BAETHREAMOBE L2 L0 L5 128k LW s iERT 5
WoEzNELOONT-XEESIALL .

BN, L7 - T, L0 —iicidmgoEsdimiE, BAREE s br- T, Milvl
KO L FOFEENRE ChH -T2 b, ZENONEFHIREEEDOHHAY 2 L7 2
LlE, BTICSNORFEEEEZ KIBIINT 2 2 L1272 o7, FIRHS, KR Co O
REVICEET 2 MR ERAVGEIUY, 7T v 7 O3 A F—204 (b DX
T2 H0) BNEASESEERIC L > TRO B RIER L2V E WV I ERIL, #Hifzie,
WoZ DA AR 5 Z LicheoTn. 2O LD oA Nt A Bk 5
Z L OFENE, BAMEEZ O o TRASNIZLDOTH L0, O F FHEORMEIC
bEHEND. 2O LT—I——HU%E, 7TA o ¥ A UBERITMNIRIIC, FEL
D8 D ANEG B FITR T 58T T <, ERDNIELWEWIFEEEZUAD D
Z ko

B AT LT DL, ZORFRBEPABORELETRITE, HEFRGIIED->T
R LR ML ST 5TV D Z e ¥ bnn s, O D RV 7Z 728 L
Th, KEFRIUVILHFOEFHOERICIIFS Laholt ) ZEnEx o T
HDTHD. iz, FE_OXA T TIEERE LW NEHGROREE) (conwTiE, [k
ESRERL] Tholm LB _5NTW5S. ZORMBOEEMICOWTIE, AERE TH
C%.

Black-Body Theory Ti%, i AR FEHETFHIT =2 BN b TnE. 7 — %
ZFHUZE ST, RNV AIRTA T a4 OEEEAOE T a2 D TSI LT
1910 4EM B —[A Y VT = A DAL 1911 AFEDMIZ, & IOV T ORI OEE
NE 7 DSBS 5 & 0D BT D bolcaic Bk Lz s 2R LS 75
AVDERER, 7—rDTF—FILoTEMTONTDITTHD. 295 LT, ERLEIR

20 Z OILEE, 1974 FIZ AR TR S N 14 FIEERZRFERTO 7 — OREELE
Thb. ZOLx, 7= 1978 FICHR S D Z L1272 5 Black-Body Theory and the
Quantum Discontinuity, 18.94-19120)?\?4’&*%5%?‘? L7z, 12708, TONENRRIRD 7 T A
D 1965 w3 &L REMICRFETHD Z &N, BROFNZZ —Almb sz, 77— I3
YN L7=D D>y, Black Body Theory DH TIIHEDOH N E Z Z F THEMIZER T2 7
A OMEEFIH LTS, FEMR, 1977, p.262.

21 Kuhn, 1978, pp. 206-220.
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FICHEH L2274 OM%EE, 7 — Ik > TR FHZEAM O S ORI AA E N,
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DIENZ ZODX A T3 TDHIENTE., F—DXA TITHEFRTUIITZ KT D P
FEARLEBB GG ICIIE A L TE LT, B 0¥ A FIERLEAHRBIIE L L TV TEEET
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7 —rNEZ e EFRBEAR ORI AEEE A TWD., I—F 0k E R Th LS.

TA a4y ORFmiE, B ORKZ5| S FELLEE ) RICBWTEET
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YvadArDisits LTEMNED, BFOMHFETT A a4 DORETHH
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DARN =R NF—FSEANCE s TROLRERL RNV EIE, TA v ad A Ol
RUBFRRIC L > THIO TORENTE, EBZDHIENRTEHOTHS. &L, FEIiE
FEBBEERIE, 7 — U P ERXTCWEL RICEHETH R T 57249, o
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BFmOZRICE LT, BEREAERGIZIE DX ) %5252 Lo, ZOMWICE
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RENTWEDERIEL, 7T ¢ VIIOE O 21T 5 .
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ofc. FITHIE, W OTER AT E KRB E S DEICHIZ T2
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FOWRETRD Z L ICE > TULOMRR L AW & R fRICBD bND & 912727,
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O OLEHITAVTE. LAL, FEREMEM LM@Y, KEOHMNEY THDHZ LiL, K
HUCHERETIUL — HIFR CTH 5.
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KEZITHST=DD. HDHWE, <A ZADFMPEL VLTI, BEFmEIEIICENT,
TA vy a B A OEEREBGRITEERIIZED X S e f&ElE R Lz, BLFO%
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%. VHE - i, 2001

33 Lord Kelvin, 1900 p. 11.

34 P - = H, 2001.
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40 FERE L, YRpIHMERO—AZ KT HRm e R STz, ERUZs b o,
TNT 4 AE RN F—ESRA BT RE THL EERL TV, £OTRORY
PEZE &< L LT, THIGEAARZ RETHERH L LEEZZXATWEEEA L.
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RS2 EIRIZSTe 2 L 3bhd. Iy ¢ VIOERIE, £ OBERIRIL S 1LY i
W7oz, 202 2%, FUHEICHT 22X 7 AOKIEEDRHIZ L > TREFVIZTE
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Ul RAZARERMLTCW L2018, 20XKOT Aoy A 0EHIZ—0 AN 1L AU —
IMOXDBEIEZZRSEDLLUHIOZ ETHD. LAY — D= AXF LAV —-TA

vvaldAy e D= AR EMHENDRE b DIEE AL RTRANTND, NS R,

BZ3R, 1987, pp. 495-498.

142 Klein, 1962, p. 355; Kuhn, 1978, p. 152, p. 180.

143 Bergia and Navarro, 1997, p.197.
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X, TSt Lic TR oG H2REE TEBERTH L Z L 27T Ll
T, #FRExERLEY. 227, IS L TREES] oG] Lix, vrvay
1 CHHIL e 77 v s oXoZ L lE2bRD.
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144 Einstein, & HER, 1969, pp. 6-7.
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us K, T A T a A UNT T RO L AT AT R fiokiE Z b L
TWzZ EiE, XA AL THEMEINTWS. RA X, AR, 1987, p. 681.
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146 Einstein, & HER, 1969), p. 7
147 [F] |-

66



MATE D EFRLIEDIE T
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148 Einstein, JAEHRR, 1969, p. 23.
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720, B CHERR LT L DI, TA YT a AU, O TR ¥ —5% 0k %
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149 [] N4V, Einstein, /AR, 1969, pp. 25-26.

150 ZDZ LiX, ISEERL, %@%ﬁ%ﬁfi%*%?éﬂfﬁ$#b<L“T%t.
72h3, :A&% BRI 5 Z O RO E ST & d R4 2 iR AR &
L COR T v‘éi%% LT 7W, JRNEE, 1968, pp. 158-160. #§E, 1975, p. 221.
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151 Einstein, /AHFR, 1969, pp. 26-27.
152 Kinstein, 1909.
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153 Einstein, & MHER, 1969, p. 33.
B4 Y ow—, JNHER, 1974, p.24. ZDOZLIE, A—T Ly~ U7 oTHE
FEEFAIICES T TV 5. Mehra and Rechenberg, 1982.
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