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18 wmTHEREME

0#ERARHAPERFHEN LG AT XA AR,
BT h¥. 4P, EFH¥RERNRABERFERELE
—NERABHNNE, CEHPEERNETEANNOALS; B
FERAMNEFFRAEINAL, EFHIFRXRESCLEHEL -
B, CEWELXBREAZMRRIBMAT &K RFF
# 40, X B 4 % Daniel Kleppner #2 Roman Jackiw & £} % % &
LtHZABTFAF—EFNXE, SETFAHAENRF L FALE
WY R T BTG AR

1.1 83FH2WR

BT N¥RABRAFRNNEFTEFZRHNHAET
HRmeLey, EERRNEFLEEFNRWERE R, A
EFIFEATE, RATHRALE, £, EFURLM
HF--ANRBEFHWIANBR SR RARZTIFRRAL
REFHNE, BAEHNEFAFFDHETFEERERNT
ATHENRR, Bf, KFFNERLBERMNFANGEH
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BT ERiE RE R

Roe BEFHENARETRINNER, BFEep A
RERTHRYE, WERTBENEN. EFHETRE— 53
ey, RS LD AMRA SHA - RERGEN,

ETHHMALHKBAABRUETAEINECUENW 20
g9, ETERNLIFERAMFLRAEHHERE, FR-LHE
FRETZHFHAG LT EF /¥, XBBERXNE T H#
WEFHE®R, EZARNECHHERIRE LS, F
ATEH - BAERBERFHEREIANEXET EE XY
REGELANBERML: ETELRAEE L REHBR
LHRABHER, TRHFEF IERINER, BEFHAEER
HE®T EHALHE, AT, HEACAREHXRREAF
Ro FHEFWAR, —BHAFRGBEENAREARAANCEAEY
B, MK/ Ed R EBELHE,

Max Planck R HE FMACH —BE S HF, A X THIE
HEZ 8 XF, Planck BERDIRAAGEEEFHELER
T, MTEANFELENGEETFHLAN-—NEKRS F —ANE.
BEFWHMAARRHET, Planck ER¥UTME Tk, HE,
Einstein 7 1905 4 (X —F xR H 2 LB —F ) ARE
HKETFUAHBEENL, FRXETHAARAREHFT, FXRNLT
RARAUGHE, AREFELAWH TN R FH O —KPE
FRET205FHENER, REFE-—TEFELREEL UMW
W EZRERSENETFYENEH KD H. 1890 F 2 1900
FEE MBS XEKRERKXTEFALE R L&
EARNTUNEHBEHGXE, R, BE, A3, R
B BKEAK., THABZURARUAEE., T4 %A
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TR THENFHAFTHER TR BRI, miRNE
AWEEERER, A, ERARRAZRREEZNEFES T
WRBEWEARREA LR ZERMH., KT L7 T L
BEFPFHITAEBELEFRKNKHAE, EZEH L LELAN
oM, EXpBElitEnfGEE. ¥R PRI X
WEARBRAAAALBWEEL, BATHHEWERE
#, [EHREAARKE, ik, Dulong-Petit ¥ 2# I T th
AR ETFRENFREXAR, ERECARERH, ART
WH. EZHBERAT, EERRIKMNTE b FEHLNER
KRR TGERAHERE NN FWNERRET XEWALAN,
BEaTEMEREM. ERSHEANEGHHIRETY, ETF
HERBET -—HEENYREL,

A, BENENETUERETFENNE —NEY; H
MixbEEE R A RRE;, EFNLEHFALAINT —
MEBENERAER, EFIFNEERERLT. RE. H
&, FEAEEFERBEETESN. cEBBHELERENE R
REBRRIAR, ##EB#wd FEf Bose-Einstein B R ( £
ERARLESBRFTARFHTAR N E-—NWBARET)
EHERNYRRENA., BEFAFN AR EL I E —
FERARET XBOTE,

EFHEELRLEL2EANANTE. —NERTFEROUK
Bit: BFHF, ERAACRNARERMRIAY Y F.
B—ARETFHR, CERFPRE -NTLTRMNER,
MERMNBEZ© L@k,
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12 8FHRHRBISEANT

1.2.1 [HEFi&

ETEGHNIRKEATRAY RO E, TEHEH MM,
ANk R R ERERER (EMABGYE) B NEE. &
HKABRBEXF-—FAR: R ELL, AKX H
MAEBRAR., LENEER),, YEEAFTH, HifehEE
Mo mELBS, REXMELBFH (XEFERNEE
BAENLW ). 4 M %Mo d gl % 8B AP F T oLt ik W H
REHBEE, TEHANZRAU XK EL,

AT, Planck R € kst FRAW AN EERE T L oh,
I 452 —ANMRAER, 5ERFERMLETE, B2t
AARE, BibAKFRRITEN, BE MG KB GAHE:
“BEFHRLHERE Ak LB W HOK " Planck ¥ f t B F &
REAEBHAERBRTFNEEL, WRXEAFF Albert
Einstein, EFHERMEZLE K, 1905 F, EF R KM
BWE: WRETHRERETHN, WA FEbthamgn
EEHMNZEE TSN,

R & Maxwell i ML & — /4 % £ B AR M 52 56 45 & W
HEA KM, Einstein WERAZELS T LR FHTH
METZFHARBRNERE TR Y LN ER L - B EH
WEERHARBRERK, XUGEERBREHR -—IMMETEFE



B1E ETHFEERMA

— B, AR EZBERAT AR AN ER K, XZHA
RETETHEALAALBNEGZ —, ERNET k20 F
RS PR, BAEARRTREEETERANE —F,
MEEANERTE=F.

B R, RFEAERAFEHERTHRET, 5 8T
EREl, RE\EEHEL, ERBTHRUEEERANEL, B
HHLEEERS WL, HEARTHENL, #FH, XE—
/%7 % Niels Bohr & H 7 2 ¥ — % . 1913 4, Bohr # H
T—AsstmBRE: EFFPNRTFREATEAESEAN
FAL, RFAERANEZAZERKEIMAZCHNRE, F I
HE—EREKWE, LRBRKRATEAZHNEEZ, &
SR EEMX —BTWNMRE, Bor BFET R FREMKH
5] #, Bohr WE R L H T ¥ &, TE%%Q}?%%iﬁzfifﬁTi
Bk, ARG BEANRYZAFRE, REREA
WAL, WRET —#HPEXRAUALTHWOEEZ, —K
ERMPBEFRLT 12 F0HATERT oy BFH,

Fribbt, KE Bohr EF it (IR EHRHEHET®) W2
REZT —ARX RO EM., BF—RINWHARZTLHERT
BARWHE,

122 BIEBFHEF

1923 4 Louis Victor de Broglie 7& fiv 89 # + 6 >C 38 H #
MR FAaANERTFTHRRITHANZENNFAEN., T
kK ERARLEK: FERAA, BRKBRE, XE—/7
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ANBHRE, BEEAARERFHRIERRERFL, &
T v 5RFEMAMBKE. 48T de Broglie BRI & —
MNEEWWE, REFFRERET .

1924 £ 2 X, HIH T X —/ H %, Satyendra N. Bose #
WY —f A7 ERME Planck B4t £ #., L L FME—
ME () RENEF (AKRIALET) AROARKE, BHR
KA HE 2 Boltzmann & it#E, WHEBE - HEIEHR
FRAORpthMER (F2RAMK) Ly —FFHRITER,
Einstein 3 B 4 Bose W BN A T LN AR EN LKA
HBE-—AFRABEPRETFHEXTRENSAAE, WFELH
Bose-Einstein 2. #T, 7 #% 5T 5 264 Fll 2
B F R 4k A 8 94T A o Einstein 73X 7 & B L%, FEhix &
HROUHMET 1055, A, CHXREEA—RTHL
B, TREEEN,

MG, —RIBHDEHR, BREFER-—IRFENR.
M 1925 4 TG Fl %] 1928 4 7T A : Wolfgang Pauli $# Hf 7 1 41 &
B, HEAMKEET HE XA, Werner Heisenberg, Max
Born # Pascual Jordan # W T EF A F W E -~ A—K
Eh¥, AMMMATHRFTELIRAEN T ZEETRREN L
L KREME TP R FWNEZ 53X — i ¥ H AR . Erwin Schrodinger
RUETETFTHFEWNE _MEX, R AF. ERFHFT,
K %t 4k A F Schrodinger 7 12 #y f# KEBBEEER, EHE
NEFEFRRFIAFRNFE, ERERENH., & FHIEAE
16 — # ¥ ) % it $. #£#——Fermi-Dirac % it. Afl1# —F AR
AW E FE 4 M Fermi-Dirac £ it, & 4 # &
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Bose-Einstein 4 it , X A AN TFTHEXAXBEMRIHE .,
Heisenberg [E ¥4 | £ % J& # , Paul A. M. Dirac #& | 7 48 it #
Wkt T RARERE T, BBTRTHNERFAFTANTR
WA .Dirac REHRBHHWEFHA, BX T ETHRWER.
Bohr #EEAEE (—ANET%2EE), RERTETFERY
—BHIHENTE, HAEZAE_RHKE,

EFERANTEQAIAHRFREA. 1925 4, Pauli 25
% , Heisenberg ## Enrico Fermi 24 ¥ , Dirac 7 Jordan 23 % .
Schrodinger = — ™ K # B )k %, 36 % . Born 2 Bohr 4 i f#
A—8, ER-—ROZANHFTMRA S Z EBEKEN, Einstein
MENRAMHEFAFX-—FARRRIAMHLNEME: f
EALEHCAVNIRETERANFZXENANA, X T
Bose-Einstein 4t it B % X2 f 3 2 40 4 32 o & J5 — T T,
W RMNWEFNEE —TEE T

CIBEFAEFEHR —RWEZRFTAARK, Lord
Kelvin Z£ L% Bohr 1913 £ X TARE FH L X —HH F &
FRTHPHERE., fhit, Bohr b X FHMR 5 LB Z b fr
T BN Kelvin A A XANFHEFLEHELHERDY
3k i

19284, EFEALR, EF /¥ ERARLE LR
ST . Ja K, Abraham Pais M #k FH 7 N8k T X3 U AE
AT ERENER HP A —BREXAHWH, 1925 F, Samuel
Goudsmit 2 George Uhlenbeck ## H 7 ® F H e th &,
Bohr xt #h K & #F 5. 10 A Bohr F kK £ A & £ KW 5 fw
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Hendrik A. Lorentz 8 50 % 4 H K #, Pauli 7 £ E & X &4
At 2| Bohr 3 # 19 Bohr Xt ¥ F § 7€ 7 & M 89 & 3%, Bohr A f
MELAHKBATFNNEETELNR, BRX—RUE “F%,
¥ A#ME”, F ¥k, Einstein 72 Paul Ehrenfest £ £ i Aaf 2| T
Bohr #it# 7 B . Bohr AT HCHAMNENL, EZ
Einstein & 7= 7 B 7€ 89 — #F % X 3 Bohr it 4 B e 9 X #F # o
ZEBohr WREY, hBETELSH IR H, UKELHEHF
B Z MR B, Heisenberg 1 Jordan 3% 31 |5 . 49 & ., Pauli
WA ENREAZAARE . Bohr HFMATE FEH X E —
NEXRHF,

ETHFWARMRTHAFHNALNK., FHBMRRA:
1927 4 Heisenberg 1% 2| T & J& F Schrodinger 7 2 # i fil # ,
LT REFEMEREEA; John Slater, Douglas Rayner
Hartree f# Vladimir Fock M e X & 7T R F &£ M 8y — it &
# 77 ; Fritz London 7 Walter Heitler #2274 4 F th 444,
Z W ¥ a b, Linus Pauling 2 52 7 # i 1t % ; Arnold
Sommerfeld 7 Pauli 2L 7 4 & % FE B Z a , Felix Bloch
RIS T REH S b ; Heisenberg B T 4 My & H ., 1928
4, George Gamow B Ta B AT HET WA K2 #, f
KAoRKEZBHETFAFNRERNTI RS, MELEF,
Hans Bethe Z L TR E N AR BB TEE N ERIE,
MAEXLHE, ETUVE. 2 THE. BRYEREHEH
AT AR R



L1E BINYEEEA
1:2:3 ETFhHEES

HHEAXLHE, BAETHFNEBMEABRAET
¥ % 41t . Bohr #1 Heisenberg R 8 S # W EEZ R A, M1l f
Z # # 6, Einstein 7 Schrodinger Ul X} H#E L W &, EH#
X WREAWERE, CAEREBETERNKBEMLE, B4
T ( PL Schrodinger B 3% 30 /1 & X 6] ):

1.2.3.1 HEA#®E . KIHK

# Yt 4T A1 F Schrodinger 7 2 #3k , 7 2 W MR K W &
o RAMTREERACH KB I KR, &tk ® T Ut
FHEETAEENTHE, AL EhRARE -4 o T
WBEREL TRBERBEN T Y, B, RFTHEELA AL
HEBFENBRAN. RTHWHERBTRBHNAE, K
BEAE, HERA, AERTN, DI ELRZ L2 AW,
K, AL ERFABMEE A CACERENE AR,
RN —MEMEEEER, XCRETFHIFHEN,

HTEF-—RRZHTRFRCHUER — &~ £ R —
R, MR, #RABERBEBRYEEA, Bk, & F
HENMNEMGELAEN, XTHNAHEREEXRA DT .
EfENTFHENREH, KEELAR LGRS, K, £
BLHRENME, AhFERLQTERANERA; K,
FHEARNGOA, KEHWHARLBRAD, BREEE L
ATAEEN, IBERLTFHLEREMTHET
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1.23.2 kT

WK A Am A JE AR B R T e AT B A AL, IR 18 [F] AE B AR A,
RARAB. YREFINLLAEENRRI A ERER,
KO RETY, —ReFETHERE., BFABRH F 2,
SAEEMMATH, whE FHAH. T, XBUTRLAEN,
BREELEEFHAR, RBAFTANRERFH —FHKD, &
MEFAFPEAER, NEMEXEAREAREA K, K
BEARLEIAZBNAZEEREH —FMHER,

1.2.3.3 sfAfpAe £ Rl

ARTHANRTFEHLE - IMRBEFTHKR. LR T 8K
BEHRTE IR THANE, AMRALZX AN R T
REEFAETF, Hlt, e FXBEFEFHERAMELR,
LRERELEMNERINETFHMELRE, B THERHT
KEBNBENFT, BT XERRANY KBRS R4
KEBWXRAATRETEN —F: ELA5RKBERMER,
ELREMS, WERU-1. B RIER? BEF ¥4 ARE
W—AIMRAZBTHRBEATRETFRAE T, HERER
BlEl, AAEFATHRNETAS, HEBKMAR, Bk
REBHEAE, GRERFANEFATE RAWBEERA 0,
M Bl Pauli THARE, AT+ Rk aEmbET (BHEET)
HEBX—FE, FRAFXRT. ERABHKNWET (BF
AF) BEBERTXEFTES, RAFET. R FEEK
F, BMERTY 2 R#F; boge FHAR, FUHKLEL
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