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AL LA BREE RAER, MABE =ML HEM N T
B —HEEFEMBUTEVRS —-FHAREREL, XE—MRFHEDL T
VIERE=E 1 F 4 BN E, H¥FBRABREZLNARREES 432, T
RPBRWIES 6 T (PO N) ME7E (BEGPRTFHNES) 25, XFB
BT A ERBEHMRMRR L. FXE P8 Coulomb B RIE, HA% I
%13 2, XETFIEETE Born Tl B R4 B30T L35

EHERBZ R, —HFHEMNETHREAREBTIFREARANIPIAZR. XU
NEEESHETRIINREY R, BH—Fm, T Lo0BHER T %A
Al (EFEEABEPHAXNWERELRER WEHEEHRENEN. Hln, K
¥ CoHINETHLE, EAGPPFHEER T ANLRIFE, HAWMERR
FER) Schrodinger JE S B &, N (=3) B F L4 Greenberger-Horne-
Zeilinger (GHZ) P EMRHLK, BFEEASIERS. W, XFFHH
RIBRIGHAE L B, FHEEEAGHY THRMERELANE. MNTREUKX
MARRBIFZERBEWUNT KEEMNHIN, EHERBRROBE, a8k
ZrBMIIEROERL, FARBAWEGE.

ETRHNRL, EE&h—E24F. BT H¥NEIEE 80 ERNHE. A
ST A — T EFREARPIY K — ST B F 2200 A X LR R, sHES R
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HELZ25BFIeHA 100 F4EZ R, D. Kleppner & R. Jackiw Bif®.

“Quantum theory is the most precisely tested and most successful theory in

the history of science. ”

REBTHFCEBUBMHERNE, A TEFHENEAESAER (K
BT _RESERHENSATHEE, BFABMERMNMNERE, AREEX
25 SAMIBEEBEEERKA, AMMEZEREMRAMEE. E N. Bohr
P i .

“ Anyone who is not shocked by quantum theory has not understood it. ”

MHETIFEAMENFEENERE, —~BEFERENSL. MTASESLETS

@® D. Kleppner and R. Jackiw, Science, 289 (2000), 893.



&4 EPR (Einstein-Podolsky-Rosen) ££BO#1 Schrodinger 3 £ 2O/
ja] O,
XFF EPR FZHSiE, M. A. Rowe %F (2001)® T F KRR
“Local realism is the idea that objects have definite properties whether
or not they are measured, and that measurements of these properties are
not atfected by events taking place sufficiently far away. FEinstein,
Podolsky and Rosen used those reasonable assumptions to conclude that
quantum mechanics is incomplete, ”
RK—EifE, $i—HERMAESHSRBHEY. H®
“Starting in 1965, Bell and others constructed mathematical inequalities
whereby experiments tests could distinguish between quantum mecha-
nics and local realistic theories, Many experiments have since been done
that are consistent with quantum mechanics and inconsistent with local

realism. ”

Bell FHAEROCCHBERNERLELSBFHFHTBEELSITHERN. Bel R
FRAEXN 2ETFHSFNBERMES (AIREDS) BB B, Greenberger,
Horne & Zeilinger X} Bell () T T Q, il T N (=3) BEFHEHFN
WA (GHZA), RMEBFHFEMNFER N BRI TSRS € B EEL
FIEC®, EXRMLBUNERSEFHFHPTEL—B, M5EHEELRE
FEQ. A. Zeilinger ZEL &R TS 100 FEHLECHEH .

“All modern experiments confirm the quantum predictions with unpre-
cedented precision. Evidence overwhelmingly suggests that a local rea-

listic explanation of nature is not possible. ”

Schrédinger JESERE— OB E T —/ 58], R “ﬁﬁaj]%XT PN S =

@® A. Einstein, B. Podolsky, and N. Rosen, Phys. Rev. , 47 (1935), 777.

@ E. Schrodinger, Naturwissenschaften, 23 (1935), 807-812, 823-828, 844-849; & & L I,
Quantum Theory and Measurement , ed. J. A. Wheeler and W. H. Zurek (Princeton University Press, NJ,
1983), p. 152~167.

A. J. Leggett, Science, 307 (2005), 871.

M. A. Rowe, et al. , Nature, 409 (2001), 791.

S. J. Bell, Physics, 1 (1964), 195.

J. F. Clauser, M. A. Horne, A. Shimony and R. A. Holt, Phys. Rev. Lett. , 23 (1969), 880.
D. M. Greenberger, M. A. Horne, A. Shimony, and A. Zeilinger, Am. J. Phys. , 58 (1990),

Q@ e 6 e

1131.
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N. D. Mermin, Phys. Today, June, 1990, p. 9~11.
J. W. Pan, D, Bouwmeester, M, Daniell, H. Weinfurter and A. Zeilinger, Nature, 403 (2000),
515.

@ A. Zeilinger, Nature, 408 (2000), 639.
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TEAH?” UBRBFHFMBBAEMER [HE, R “BH” (classi-
ca) 5 “EM” (macroscopic) ZRIE*K]. LR, ERFENLEEZHT, B
AHEE R & A SRR BE M MR BE Y Schrodinger “J§74709, H. D, Zeh %1 W.
H. Zurek®9© i FHiBMT (decoherence) W S F 38 e R 57 38 o O SR 14
L. BATAH® .

“States of quantum systems evolve according to the deterministic, linear

Schrodinger equation
., d
1A EP | ¢ =H | ¢

That is, just as in classical mechanics, given the initial state of the SYS-
tem and its Hamiltonian H, one can compute the state at an arbitrary

time. This deterministic evolution of | ¢ has been verified in carefully

controlled experiments. ”

RGBT LN E MR R% S RS EER, M
T HERIER. E—RELT, AARRHEIEREFSMA X, Myatt
F5iHO.
“The theory of mechanics applies to closed system. In such ideal situa-
tions, a single atom can, for example, exist simultaneously in a super-
position of two different spatial locations. In contrast, real systems al-

ways interact with their environment, with the consequence that macro-

scopic quantum superpositions (as illustrated by the Schrodinger’s cat’

thought-experiment) are not observed, ”

WTRFHFESMEHREZENSE, R Blatt (2000) FEHEO.
“The apparently strange predictions of quantum theory have led to the

notion of °paradox’, which arises only when quantum systems are

viewed with a classical eye, ”

C. Tesche EiH®.

Monroe, et al. , Science, 272 (1996), 1131.
. H. Van der Wal, et al. , Science, 290 (2001), 773.
D.

Zeh, Found. Phys., 1 (1970), 69. W. H. Zurek, Phys. Rev. , D24 (1981), 1516; D26

alole

D
@
Q@ H.

(1982), 1862,

@ W. H. Zurek, Phys. Today, Oct. 1991, p. 36~44; Rev. Mod. Phys., 75 (2003), 715.

® D. Giulini, E. Joos, G. Kiefer, J. Kipsch, I. Stamatescu and H. D, Zeh, Decoherence and Ap-
pearance of A Classical World in Quantum Theory, Springer, Berlin, 1996.

® G. J. Myatt, et al. , Nature, 403 (2000), 269

@ R. Blatt, Nature, 404 (2000), 231.

C. Tesche, Science, 290 (2001), 720.
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“The paradoxes of the past are about to the technology of the future. ”
MIBD, X MEBENSEE, —EEHXMXHNERSE, BT ERER (BT
HE, BTPEEAS, RTEER, RTNES, BRTSTRS, EFGRL

WaR, REBTFH¥ECHENT MRS TIEBUS R IR LTI, 19 ti
ERYBEFOHLLBEETE. BT H¥REELIKBELRTERIE [ #—I]
B, BHEREEAMTLERARSSNBERE EHRTFH¥FFEL A
BEFH%HERE, BATREXHAMNSE—FZARBRAFWER. AMINICHE
Feynman B ﬂI]_F%i;T&:

“We should always keep in mind the possibility that quantum mechanics

may fail, since it has certain difficulties with philosophical prejudices
that we have about measurement and observation, ”
WAhh, BFAHES UMSHEHTE, BRERC. XTFEFHFNSE, BUF
BN ERERRE SRR RE K —WO.  1E a0 B AR KA R
(TR PR
“Shid R AR s, ERLETRER.”
EHf—EHE P, MINTERAYRFENERMESIRENIAR, B0Fh
A BB -

Ve FIFERFMEFRKE
2007 4 1 H

@ G. Amelino-Camelia, Nature, 408 (2000), 661.
@ M. Tegmark and J. A. Wheeler, Scientific American, 284 (2001), 68.
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G4, BRIMIE TR FReEA—FRE BFH%08Ey, HEft+4
. BT AES5MMEeHRE, £ 20 2R R TTZR
SIkHIUL, BARTIFESHIHEHE, A ASKKIAY 5T,

TR ERYIREHAEBE” XM EmEANIRE, REERTFH
FECEAE EEN EAR LR, AT LB B — B B2 6 43 32 B AE K1
AFPHER TR T X 2. flin, ESYHEY. BF S50 F8EmEs
DHE . RT2E5HSBEAA BRERMETHR) ., RTYHY. BFI%H
BETAYF. HRRE, REYWE., REYH, M UYHE., XEYHE, BFEL
BHFE, SETEXELIERL

RMAER T HFELWEHER, BOABRBIXANEAET IS R R
MR, ROARBNRE], A¥— 0 & T ¥ RaR R R TR b AR BT
s RERS IR, A, RO ANEBRTE T HEMABERNES Y2,
AMUEARRE T “H2aBd%k, Rk, L& N7 “EHLABRTLSER
BERR “WHaBMREE . KRR 57" SBBEAKEE, K3
& TERSARFHT B ARNEREE, XLt B A% ESCeA e g i
2.

HEFIRHERTE. REETFHEREAHBERDE 20 #42 20 F07
vk, REESHNEFIFEISERHEFL RS AFER T 12 48 & i 57
EEAES NER K B, ERREFH¥EAESANEENERLEESR, —
HAFAEBZIWSIE. RITNEHRERD], TEXE T3 LRAES B B
BT ANBEMFARE FERLE —-SNREZARFY (N Nature, Science,
Phys. Rev. Lett. %) EAWHB—RIIME. —FH, XTEFHEREHE
SHMEHENFEE, ENBHEITLHEIEEMAR (3% EPR 48, Bell A%
X, BF NIEPRIESEMAERKE, Schrodinger MSTEN R E EREH,
NEIE S5 RBEFIW (which-way) SLH, YRR R 4200 35 08 5009 S 1 i
B, Fl, JEEREBTAMIEFEAE T HFRERAESNER, UERET
NFEMERTFHRER. H—FH, —RIFHERNBFIRAREFHEER, 5
m, HFOE. BIFABHRIEZ . Josephson M2 5, HEXREHHETF Hall
MO, RiIEEFHS, BoseEinstein R %, #HXH N AR Rt EEREFE.
fEi7E 21 H42%), BFIENLHAMESEMRA R, —HE 08 R8RS i
A, B, B FETRE, BFEERYE.




A X EH B BA NTEANER . —RE T ¥R SR HEZ N
AR MR, BIERFEANZEH¥E, ERIMEIERT —1TRAXHO®
AREE. BEFiENH—FxE, WIFSX 21 L2 AR Y R A FIHRIEH
2., »n—hm, AMIED, BF1xHehEeHBE, EHRERUEHZ
K. 4R, AMTEFHFERE SR BEELSAEEL, B8]
5, 2PEAMNASHYREERRXWVEET, BF 1SRRI ZE L
.

RHIE N EF IR X e iR, ABE= R (Rl Mk
IBERNBR. £ 1&ESTIEIMSBAEEIEFIHEAH—-TZHEARNSEZSR, HI
MAVE AR EBEBFHF RN EESE . FEYHET/EEEFETAS
&, BRI A A S5 B F %A A SUs A TAE.

ABREBIBEEEILEKFNERFHFE AR 40 FLBERMP. 1
R—ANEm, IRIEX RIATEURAIE2=A0THE B C X #HF R —EF k.

U RN EH . BN FEE, B 47 MH? 2EBRE, =
2.7 WAIEA B RINI—MFHEREN, REAHEFERMNE, M
SEEFFAMAEF O, R MM R ).

X RS RBBFE FRMARMCIFHAR. PEBAHE. “GEFR, HE
Wit, BASHEHEE. ROMHEMFE, “43F” RE—#FEER, MENARER “F
”. WAR, AT ERMBITERETIE, DAFLILLLHARN AR FE HB
HEREFE. (Bnstik 2, BlEf AR HE BMMR? A T X AR, AT
e BAEERARASRSEE, WA —FXH, WL ARANRESNCHARE A
B ALKANRESI K 2T,

EFXSAR, #2igmsE w2 RBHMBEZNHNBERTR. FHEF—TTIR,
R AMNE RS B H R EEAIR. —NFRE0m, NY5|[ e kG
HEEE, ERECHERE—EHNIRINS, AdorFERESHWACIA
B ME? BRBFEPFEM— NS MREE, BRERSSMEESHD
TR EHFEFRRER. HREAVESZLBBIEHRBERH, BRELE
ORI XFFE, it ER%E, e ERE—-TMRIFEN TR, it
g, BT, hARER, 4TS EERIE N E =M TA/ERE TRk
., R REBERNTRSHY FERFERNREA—F, BHMEY. BESE
FFHEBRNERRB ISR, XiXEERFAE, NSNS, ] R B
WA ER B 224 B R A R

$EETXANR, IASERAMBABELHEB TALERE ( “RMEBAm
X5, MRECINBEREEZRPHAT. — IS VBELERNERASH
SkEri L E M. RITRE, EIANMILEST, BERATEERE, BAAE
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BEE. X, FAERBTERD RS2 50 A ISR T e AR FE R AR
. XX THFACUEHMAARZEXREERN, RN IRBHFERFINE X R
(BiR "B, MZEFEW”, IR “B&EM, SRZ2EM”.) BNIZEH
FHRETIEH XS, Heisenberg #iit: “FlFEBRFitit 2 d. ”

ZHIERPIRE A%, BNAELERITHESPIEMR. MEEMREE
BUEIAHIMSE, BEERENEEHFEABHTIE.

MBFEERYE, B — SR, MARFESMFEERIAR
diE. HEEBRAARN. RMEE, —HE, AECLSEMMEHE, LEhE
BRARHMPHERE. AR —&, H&EEH TEITE S XA SR K.
BSh, HIRFBEE, WMEESEA %I N IRERRY AR RERIE, #17%K
o, W= WS KA BER, T H 24 X8 AR v R & A,

HAFHNEL, ZOMTRETFIEIHAORRYEIRERHE, RIAIEER
RSB RBEHMRIEE, BREBBEANE, RAATASHE. BB E#
(BT %) (BB MFEHPHMEALEMS “BEDR”, XHIESHKZIA.
BIIME A ZREWRIRR RN (B FHFEHE) BPR3. ETREEY
GiTie R, NREERESERT S B EB R Esett, EXMISIERER
1.) BURMEE LIRS ERFITHE, Ed “BBRIRL”, FAEBRSITXR
BHMEXERMATRERN TSR E, XMBET TERNEFZENRF, JeHE
BT ERWA R, HEHEEBMREEL ( “FHTHEmMBETE, k4 Tk
MFEFK”D).

RN, BREFEZI, BRADEEL B FEHTREMR. — 58
EEABIERERHIA, M FHARANRE, BAERSRTHELRE. HFA
TIEHENARRER, EHENEELSEHARFRBEITOANERR, I— 4T
R, ABRFELERELBPBN, EFR— M MESEREN, —RETFEIRANE
HEAATHRETHRENTRE, MARBEES —HERMMIDEERLEE. R
HeAESRXFERES, ISR — i aEn, R [ CEZEEA X8
A—EHREN T, HEXR “BEBEMH”, “AAERE”, HEMB “TAR

7, “BHER. RZ, BREHEERNANIE, NEGESER—F.

RRZINERERAREE W NAFIFMG.: ——A B &R & B i
AR ERE, XXT RRAMANEZEHAN, FEEUFEEREN]. B—
HAFRARRE ZEMBEBEREE (FRAEMARE), MIIR—XEENY
1R, REGBBNRAR L. BIFERMMKIES, AESBARESE
%, e ERAADPRER, EREESHRAENB, MEX—sRlEREEL T
HEER. B2, R. P. Feynman M8 F % BBERHHEIE, MEMERRE

O WaF - WFER, “F, RZTE, METHE; K, Kz, MEFK”.
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BrEcsE iy, HET I, WEFFED, MNREZ X EME TR, BI7EE
SHIETAL, MREFEIRE—E B ANIEABRERE, M4 BA T LIHTR
WHRE, WMER—ALFFERES B —MRRE TR, STURK, STERMALFHIR
. HFER, A—SREES OB MBEN A HAHERRRT. AA
WIFEU, XHEMRBAKRE K. ERHVELEERE, REXFREERE, X
HRIRE L LS R, (HENRMNETEEZHABOTRIT. SR, XHEH R
A—ERREEEE, BEXTEFEFATANRIETFUM.

RERREMER. WFE AL, BRETHFEFIR—T1FF, HFEER
ANo#%E, BREVLERE—AFHM. BRIANRAENZZRAFW, BHMMMEAR
EH. BT HFERKBERRA, B3HFAEE. FRHE RN BRI
ARERL BRMNESHEERZE, EHAHERENTERMET FH, MHLX
BAEZEBARBESRENB LR ENR. B 20 42 50 £4, BREHETR
BT HFRNEREBRARE. YNILKAE —REEMF “BFHEASHE”, “B
THFRMAR EHETFRA”. XEHIFERRE, EHRREETEEADEE.
MR EE EFETEE, ST THROEBRAEXFMRE. ERIPB LR
MR EA b, ST (BFN%) (L. T, 1981, Behipdt). 90
R, XNEERPHESR. EREEN, REGHFLRR, XA
&, M —EFR R, EEGEH, R TRIFRBCR. HRZE, HooEEE
—TZHEEPRHRGE, ST TEHE, AMANRREENE T HFHFEKFL
kEFREE (BFE. . BBIX LA SMER) —RERYBEFETIES B
THRBB TR, ZHERE T JLIKER, AR B A EXK.

% AR, 40 FEEBENE. FATWHEBEERKKR R BAU%FEE, KEH
HEENV, SEHEFRMEL, @AEBRKEE BIMNTPERKRESHIIOENH
82, SARKBLEMAMEFREBERTER. EEJLAHEXR, BRIERT. —
TEZE, MRFAFRPER, BATERERRER, —TRENMAERAT, HL
BB THARBKRZAR. BERFHERBZER, RMOFIARNIEELE X
ATREFEIRANZE T, fEA—18F, REFFETER—C “THEWNAK, B
EMAN. RIERIMEEFEAE . AAELREERNR, ESMER]E.

Ve Flbwm kP
2000 4 1 B

* Vil



BTHR (1990 ) FE (AR

10 465y, YEEFRE (BT %) (k. T, B¥Hmit, 1981) AR E
PP M EANE T IR ERMEER. ZBBMRUK, Z3| KEERX
B, ZBIKEH, NIAEHKREER. fE&LERREE L THREFERIRG, 4
FTHEEMBERHES, AAMEESRER FIFEFKEE T BKkHEA.
1988 FEHERAZTMA TEBUXRERERXRRBREFTHM K, ZHRFEXH
ANEYHEEZ—.

10 Lk, REBFHFEHFKFETHEBESE. FEREEHKT AR
. ERPBRE X HRENEMBEISIR, TRIXETRFRETHFR X
BNV XFER, ABEWELR. B 1 EIFBAEZEMSSE R, Mgl e
R AR FSE .

FEREAEE, {EESR T EINTERE R —EFHEM LR, ESHX
T B A PR SIS N, RN SRR T RAT YRR LR
R REE S D TGRS

X TFRFHERBEHNE, F=EAEHRD HESERE O, Ak
SEHHASHEFEHA. ABREEII—-BENETFIFEEEMRR R, M
T—HEHEBEITIE. #lin, T Planck BAEHAREHH I L E R, Bohr B4
N R P45

EAEMEERN R, FIRE-NMOES. SEFAMFE “BFHFERA
HE”, “BFHIFEAXEHETRA”. BEEZEZENBHEIR TEHZ
I, 7 CBEFH%¥) (198D #, LN EARESMEEAHAMT —BHmE
i, B, MEsh-HRFBREMNER RG] #HE BB RS T B L R U 4
WG| HBAORZIE 128, RTEFAMASAIEMEE, RPHEILE. 1£E
EH| SEEETREMERRIEE, DIMAEENEINE. XHHEER TR
ZRITHIZER S E. EREARER, /& XM TH#HE—Z86H, HYET -8R
TR S HPHE.

A EENETFIFRNHFEFEESEEEN—TEHE, AR IFEARIEHEHN]
A BRE— DR TERBHHE, IBETIBLWERA. BEEEFH,
LR TAEPE ZH R AR T BoR B 12 B AIEE. A —ARE{E R A]
UHAREF A IR ERZNEE. flan, fAshEK Dirac S F1 Schwinger 3
R. AR FEHPAR, B SEEARMEE RSB #RE—E.

AE—RIE, AR 2R, BESEEHMPITieBEL,

® lx ®




pilan, R4EER, EXHMLESRFRINXE, X SHRASHXLE, #ut
IRIBHIR R S KRB ESEBRIXE, Hellmann-Feynman I, HRMENE, &
FHITBIARBTUNE. BUEL—ZMT REEER. T2 0miR
MEFIFmiE L, SFEESTEBSHESPHEEM, Born LIHEH
FFE, AT BOEHRTE.

N T ETREERABBA LSRR, P2 TEEN BTN
8. g EEEHER TR BEERERNEE S, EEEZREH#HT KEY
RELSEE A, HFMHABERMER. XS Wb A Y31 B4R BAMIST
ERBESEE. RAABEE, ATRNER (B FHFIEBEESHN (&
B, BiEE, Bl ERFEESES. |

NiZRE, BMREGEEFEIRE. BN HHRENNBEREEN (F4EK
W, BVFES) EHABH—Fo (<2/3), HAMABRIFBA%E B HE
B2, XAFTARBEAIGRM A RBRIEAAE. SUGN XM, 2¥KE
) E BRI PRI R A RE T, AN R BR T 58 BAR R AR,

(s i
1989 4E%



£—h (1981 %) FE (f%)

BT F RN A 7 S BB 22 5L 6 TR A B O 4 Jok 53 ) 1R O
T, 78 20 293 20 ERPHELERDY. ATAEBRF R, 7R TG
F, NTHESITT S B EABERTPR TRt AR RNER, X R
BB —FHH ERAR—BTFIRK, EMNNFEEHN —TEE&%E—Planck
HRhREMAE. 2RYEEEXBERD] T EERRIFE, BT IFHBESH
R RIEFRIX EF BRI R T2 R E.

[HE, AEBANETIFARSERYREMATXR. FLE, BFAFNM
BANEZREMUHSE, MAtLXEREEWHSR, AR YE=RAER T
VIR, DRSS EBRIE TR ZW HRARN LM =l E, Ll EAT
REBTF AR —MER. —RUk, LMY ZPAERY &Y BEIHR
HEE, AMBFBNFARE, USRS ER—MREFREL. B, 17
ESKMAREZ3, SERTFHFRTFRETFENSIIMEL, BZEF IR
Be, {EXITHIE, BTPRNEBARER (A31E8 muR>h, m BITERE, v
BHEE, REIE¥E, B, L8R RSUESL 2 IERR.

(HAE—RZMAL, BFRN B ER MG BRI LK, Hln, REET
(RN WESARSERAR; XMW, BRELFTEFREE (R1R/IM
MEKULFER. ¥E. EBEEFLTEE » R/ TR (BN, EBFTH
TS, BEFRNAREE, FNEZU. Bk, 2BAx5BFAFEHEHE
M 5iek, NAMBEREFIANEZSERXIS.

BT IFEARNEH, BAT HAFANRNEK BF0%, iRk
FXHER T FRNER A SRLEEARE, NENELBIBRAER 50 ZF%, &
P T RRCEEE R, BREATARMEGE BARFIASRBRHNTE. TR FIIF
Fris RO, BEERADYHERS I, LR r 5L
Gus. BAE, LA, EFEPEEMEIEHAITARNTIIE, BARTIFEAS
AR, BB, BT AFEROVBMCHIEERIA ] BERAT B IR SEA.

YR, SEM—ITEAR %8, BT ¥ RAREAKZXEFTRMENE
B, MWBFHI%EE LK, WWERFEEEAR SN EERAREN—EFE,
WMAGFEEAR BN FL. XTEELH—-PHBELER U TR &R E
K225 N LA SR ER.

& ThwRF
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i Planck £ Wien AR, BRE N T AWK HAR, B (B 4 1 Planck
N
c;v dy

T
e’ — 1

548 2R/ KJLNMA A H, Planck 23R {Y ‘?;&%ﬁ’é‘ﬁ%ﬂ? m B At 5
1] B2 (Wien AR,

Si[EEf,J. W. Rayleigh (1900), J. H. Jeans(1905) O 422 #6 5f /7 2%

E(y)dy = (1. 1. 2)

O W. Wien, Wied. Ann. ,58(1896),662. HRIEM S ¥ L MILE, EQ, DERMB EG, T) =3 fG/T). B
R [/ DHERXN BN ERIEIL A . M. Planck, Ann. der Phys. , 1(1900),719, 3T} Wien 2038 93854
HERE T BEALIE.

@ M. Planck, Verh. D. Phys. Ges. , 2(1900),202, 3R 3] T Y45} 2 419 BIAE S AR, FE Wien
>3 s Thiesen /AR, , Lummer-Jahnke /4%, , Lummer-Pringsheim A 3. {2 R Rayleigh-Jeans AR, ¥ 40
WL 2R F. Hund, History of Quantum Theory, chap 2, p. 25. HHEB|LBYH Y%%K H. Rubens Al
F. Kurlbaum ) TAE, X BUESER 57 Wien AR 5L BMWES. Planck W BIIKES RS, L BIZHFE R B 4
=iAx.. D. ter Haar, The Old Quantum Theory, Part 1, ¥ p. 9 3] Planck X453 A A3l Rayleigh-
Jeans /3. ®AJZ[F] E. U. Condon, Physics Today, 1962, No. 10.

® Lord Rayleigh, Phil. Mag. , 49(1900), 539; Nature,71(1905), 559,72(1905), 54, 243. ]J. H.
Jeans, Nature,71(1905),607,72(1905),101,293; Proc. Roy. Soc. , A76(1905),545. Rayleigh 1900 4y e
i Eoc’, ARFPRIE N BE F R IEFS R R 1905 48 11, Jeans (9 T/ER Y F T8 HE 9 B F. Ray-
leigh-Jeans A HH#ER, B0, 200 EATER (G HEE S 1957), § 41.
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MG TS, B T —MRBEES AR, Bl (Rayleigh-Jeans 2350

EG)dy = S™L 24, O (1.1.3)

C

H o hEE ,k(=1. 38X107%]/K) J& Boltzmann % &. M2 AR HER 775 5K
o6 il 2R 38 LA & (524 y—>oofit, E,—>oco, R XHIH, 5L B B AR, I £ LR
748 5h Kk ME (ultra-violet catastrophe). 3R B AK4E 51 E & % B E Y13 Rayleigh-
Jeans 43 ARKE , AR BE BT B B ' F AR R BT, B EIRFZRE (S
W p. 1 B8 3CERQD). A. Einstein B 5EE & 3| Planck 2 EFK RN G—>0) 5
Rayleigh-Jeans A3 (1. 1. 3)#H[E] (¢, /c, =8xk /) Y.

Planck X MAR)E , IF L LY BRI BIATE R4 T AN 55
SR, KIS E RO ATAR, XER RN — AKX SRS,
% IEER X AR T —E R B E — N EF EEE MR AN TR 88

1.1.2 BRIV

19 HER, BTEST LR E, RESEBBERARZFHIEAMIERE. J.
J. Thomson(1856~1940) i i S A48 1 B G Bz BA R S £k B9 0F 3 LA S U B FL T Y
ﬁﬁtﬁ(charge-to-ma_ss ratio) , 5 € | B RE—MH R E AR F (1896). 7 I ZHI
H. Hertz(1888) &L T YL RNL , (EXT HHLHEAFRE. HEBFRIME, 7AR
BXRHTFENREHN, KERTFNEBRERENARC. it LRI, XN
e EZ2B T IR

(1) X TF—ER B EHMEUR A (R LIS B AR, B — M € B ik A 550 R
oo SIS IR v, B, To1R MEHOHE B 5K, R 2 SR B L 7 M 4
% .

D BT LSRR A TSR, RIS
22 EE AR, Bl AR A &8 %*&ihﬁﬂtﬂ&%%%%ﬁ H.

(3) YAFHERR v >y, B, REBHE, REX—RB L, JLPLZ (=107"s)
VLI 2 e 7. X 5 & B S TR 4 RIR A — 2L

P E=AMEA R, QRER FRIRE, (D5 O 7 RN Bk HE m Y 3E

@ A. Einstein, Ann. der Physik,17(1905), 132. /& Einstein ZE 1905 4E38 1} , % £ 4t 3 1 K 15 3|

Rayleigh AR, 3% Planck M\¥i£ L #E SR H A
E(y) = 81thv ]

" WAT
TEK B A B AR BR T, Planck AR # T Rayleigh A, B Z IR H L. 5 Planck HER AR (1.1. 2)H
ke, 280 ¢ =8nhv’/cyco =h/k,k 2 Boltzmann B
® E. U. Condon, Physics Today(1962), No. 10, p. 37.
® A. Einstein, Ann. der Physik, 17(1905),132, X X F YR 3L AR B] 1 Le-
nard ) TAE. L P. Lenard, Ann. der Physik, 8(1902),149.

® 4 ®

(1. 1. 4)
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FRIFERE.
1.1.3 FRFRRtign EeE

B R IR B ETE 85 T Newton(17 t#H42) ,(HE 3| 19 42 at, AT E R
FATAREABBIRERRE H0,R. W. Bunsen, G. Kirchhoff F ANFEFI A
FITCR BT A BIPR R IE R B B T R M BT, TTEUN(RD) 546 (Cs) 3248
P YCTE 7 BRI

TGO R R THYEEHNRR, RN AN BT T8HES S550.

1885 4F, Balmer %81, SURF AT WL o =+ =2 .4 KBk ) BA T51

A
MERELE 1. 2) . |
ng('"]:"_%)a n=3;4,5,'" (].. ]..5)

2°  n

R = 109677. 581cm™ (Rydberg # &)

ot ot ol o

o p— O

\O \O < -

) o o' v

\O <f <t <t

H, H, H H, H_

K 1.2 FIRFIEIER Balmer 28 &

Balmer AXSWMERWEAR S, BB T %X EE. EBRERE R
D NXFFETREBR (B0 AR EFT T KB4, 51, Rydberg X4 B T E 1
YR AT I A4 AT . RBLEATR A4 K 3 (principal ) 28 & . 8% (sharp) 28 & & 8
(diffuse) X R FILNMERR. B—REANBSRISERNWER. HFEERXAQ. L5 EPH
ME. W. Ritz(1908) fj2H & HL (combination rule) Xt AE T 5 358 BAE+E . 3211
B, B—F R A ERE M—RIDEET T (), TR F & H Y68 5 3 5
v, 5 AT LLRS BN YE ST 22 2%, Bl

@ RT 19 HEFEMTRTELR, 7 T2H H. Kayser, Handbuch d. Spektroskopie, Bd. 1(1900). XtF

BT HSAREER AR KR EK, Bk Balmer Z 4b, Rydberg #l Ritz th G EEFH K. Mi1EE THLHEM
(combination rule). W, J. R. Rydberg, K. Svenska Vetensk, Ak. Handl. , 23, Nr. 11 (1890); Phil.

Mag. , 29 (1890), 331; Ann. Physik, 50(1893), 629. W. Ritz, Z Phys. , 9(1908), 521; Astrophys. J. ,
28(1908), 237. Paschen RIFAGFIFMAR IR FHE (UIHX), BT Paschen.%%’i.,'ﬁ=R( — )

9 2
n=495969"'9§m F. PaSCheng A?’m. PhySZk, 27(1908)9 565.
e 5



Y T(n) — T(m) (1.1.6)

mn

Xk, MITERESIEBUT — RIS EFEE M ARRELT AN AR
BERREIE? RTFRZORIGE ™ R PLE R 47 XEBEABER (BEO A
f 4B KRR BRI AR ? YT A R N RAT AP e

1.1.4 FRFRREM.

1895 4F Rontgen B T X B2k, 1896 4 A. H. Bequerrel M\alEE & IR T KA
B (SR FeiER, X R AR E o f K v ZFHRARBD. 1898 4F, Curie
RIAKRI T ST HEITTE NS 5.

7 5t R BE R R A EEY R A K EAR R B/ RAL, B
1B E Ze o254, 30 B AL, B ERSR AT DA H 7 SR Y BORLF2K, T IR F
R, IR 4 BT B R A A B AR (R 57 IE R R 45 B R Y 7
SORE LT 40 P4 BRI S A TR 4R ) R SR T
10~%cm) , T B, F U 7E L F VRS- Fh A SRR B HES)). 1911 4, Rutherford A o BLF
£ITH BT, IR S B R0 o« RTFRIAD A (E 1.3, F5BEITREL
&%, % B Thomson AR ToE: R A f BT, bR i . R+ IE R E S FER /D

-""'
-l"'
.

&l 1.3 Rutherford #J a ki X IR F B U

@ {843, N. Bohr ZERFMARIBH M =BT (19134 4 A 5 HOZHET, E8 1913 4 2 A&
5 i B T2 R B B4R R . B 1913 4E 3 A ¥, M8 3% 44 Rutherford B, XEF A AR TR FIL
R , 34 VF Rutherford BEREB RS E FICiE A 1913 45, H. M. Hansen H Gottingen [B] 2| Co-
penhagen , ¥ 5] Bohr 8675 F At B9 BIOR BE Y6 3 HL4 , Bohr X VT BERAR K RXER). Hansen 3E Rydberg Y
25 % 4 44 232 T Bohr, T W, Bohr J7EAR B i A B 4 $8 63 A 0 KO B b A BB P . J5 3R Bohr it & 2
Balmer AR5 , — Bl R EH A T HE. S AR NE, R EH RN Rydberg 7 Lund KZETAE, 5 Co-
penhagen JEZERR R , 480655 Bohr 5 2% 4 , T Bohr 7E f K B 18] X5 7 T TARAS 1 8, SR sk 2 i [l » T
X A5 I B A A R S R D8 B B i3 43 (Hund, History of Quantum Theory, p. 70).
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A EEN(EITELEKEEIRALD . XEES KA E A BT A Em”,
Rutherfold BRI ] AR 47 HIfR HE o BT K A B R, (HHBR T TH K
Y

(1 Rt k. B B SR T BOhers 1935 3 2 352 3. & R4 L,
1%, B PR ARR ST EE R M E , LB X RS AWgE /N B BEIIEF#Z L
xR FREZ R4 CREMEE R c~10"2s, W, p. 1 Br5 | CERQD) , FHHE R & 5 H—
MR ISR, X S50 B B[R F B AR 6% F . L4h, Rutherford A5 AY
JRF5F TR FRME O R BEARER. B AR  REZE TR EMELE
T HRRM. FERGHZELANATHEET , Ifo] i L Wg ?

(2) JRFRIR/NAER. 19 HEGTT Y HE 2R, IR R/NA08 107 m, 78
Thomson BRI A, R 48 B F 128 [ HEF M TE B R 2 v, BT AR B — /& BE A 1k
KE. MEZ Y BEHESR TR %R Rutherford B, 1WA B —~5 BB FHE
KE. REETRE m, MEBEA e, EL I Zh S22 LUR B —MRIERE, B 7,
=e’ /mc’ (BHHTFEB)x2. 8 X107 P mK10 "m, ZL AN EESHUEEEFL

/N ARJBLIR T AP L TR B v<Le, YR ¢ AN H AR R F B REE K B .
1.1.5 BS54 Frytb i@

S b A R A A B /MR 3, TUUE R RA =13 HEK
N MRS MG IT 1, HEHISEE 5 3 ak

BR-S T, AR SAT. B, —FUE T

Y TR SE B EEN SNET=3RT(N=6.023X Rf=—=""""723
102 & Avogadro H&,R= Nkt R AK &

=), HIt, BEIRR eSS A

JHBP Dulong-Petit 2256 /€ 3 (1819) L, {H f5 5K 3L | i
BRI, ARG T, B R T o, g 1 FIRHRMRE AR

L. 4 fon. XIRHERTA? WA, HF BB R TR 55 TH FHR M AR
TS T RS B B X T EA L RER A 518k ?  (Boltzmann {+i%,1890. )

) ALUAKNAE S NEHECE NP B HERAAHE H BB, W% A

2 Ra5cal /K. FERIRT , WLSE S A9 5 AR (20 BEE T 60K J5, BAITAY b

AR T FER T 3cal/K 2. X X EATAT

Cy

@ P. L. Dulong, A. T. Petit, Ann, Chim. ,10(1819),395.



BT ISR RIERB IO A = LR ARL 2 LR R 2 Y B F BT R L 2
SRR HY.

1. 2 Planck-Einstein B ¢& 18

e b, BFELEREAERBKEHNRE LREN. .1 TELEI, HT
Wien [ BAESARERFAIR 2 505 RE HEBRE , Planck 75 /% R [7] &
RSB T (1900 4E 10 A 19 B) — /e BAEE S~ (Planck 230, —
HEHF Planck AR 5L BHEARFES,. F—FmEE FAX TR, EEEY
2 Z RN T , Planck #— X FERXARTHESWERZIN AR 23 LM
A EWER A, MR B (1900 4E 12 A 4 B) O, e T B, 5L 7T LA BRI |
AR ) A B AR R ST AR Q. XMBBR X T— @R v iR , W R e
L hy BN RIS RS h A— D EEE B e RAMNIFRZA Planck &), #
B 2, W e & 5 R R “ B AT, BT BT HIEE RN

e = hy (1. 2. 1)

SRR W5k & 5] HE A AR ST RE B S SR SR AR 2, R 2 S 22 R U R R, FirLA

R4 Planck BB XTI BB 5 LBAFSHBIEFFHAR, AHRFEBRZA
RIERC,

B EIBRTFRIZA e 2 B 22l 2 p HA B XERY =2 A, Ein-

stein®, fi#E 1905 4E R Planck B8 FRE E MR E B3N R, #E—2 R H 16

@ M. Planck, Verh. D. Phys. Ges. , 2(1900),202, ¢ B BIK\HFT /.. M. Planck, Verh. D. Phys.

Ges. , 2(1900),237, B 1M E, FR X 5XFETF M. Planck, Ann. der Physik, 4(1901),553. e ER
X e=hvZ T, 588 T RBEEI AR

= 8nhy? 1
Vo 3 exp(hy/kRT)—1

B c;=h/k,c;=8mnh/c3. Planck 4= N3&if , W E 5 LKA, h LARA FRAE, 12 $2 97 RN EXK A—>0.
Planck J53E B ; “e+ - XMBAF B0 X 3 A YA Y E B, B ExE QISR E, BT HBERY
BT ek, X LR B AR EREAB L ", (HE T Einstein 5| HLBFHEEZ )5, HPEELL
Planck 3SR AW ER (D. ter Haar, The Old Quantum Theory, p. 13~14).

® Planck AR PRS2 E EMR, S HEERIE, $42,1957,8( E. T. Whittaker, A History of the
Theories of Aether and Electricity, chap. 3, 1951; D. ter Haar, The Old Quantum Theory , chap, 1, 1967.

® #it,]. W. Gibbs, Elementary Principles of Statistical Mechanics (1902) )2 J. H. Jeans, Kinetic
Theory of Gases(1904) Wk K Planck A T 1E.

@ A. Einstein, Ann. der Physik, 17(1905),132. ZEMHATIME—%F , Einstein EE AR | =R U
K. AT RS . B —EBRET Brown ia3h, —BR X TR NS, B TR R I#HART
WS/ 18 %) Nobel 47382232 CR R H J# 13 ARXTIE). B 2423, A2 A ¥ ¥ Einstein 1905 FFHIXE R =2
EIRFEG O , BB R IR i, B5E |, MEHEmR BN MR A BA X B REEEUREHES
2 HFT R B (D. ter Haar, The Old Quantum Theory, p. 15). XTFICHBNHITTIER b XEAR/DM—#F5T
(% 8 %), TP A T RSB IHSBAAESHIR R BN A 2t Maxwell B, 58 7 FIFiEPE LB R (Stokes #
W, B SHESRET ASHEH R, 5B 9 WiTE KA FERINERHN T R AR,

e 8 o



BT EL, A EN R R THEHR, 8~ MR TFHER 5B MM RN
KER

E=h (1.2.2)
FIRFEP AT AR F U c BRI ELBH, TR » SBEBE S
MFXRAR:

p=FE/c (1. 2.3)
A, 6 FRIZhE p SEEGHEKL A TIIXRER: |
P = h/2 (1. 2. 4)

=HARH TR FBREZIE G0 RIS Bl T i . MR TSR E
EH, — G EFRIRER AT RES Bl — e F IR (H R S ASHEAR B K, B
F—THETHREEBRN, B F AR I A RS RET. %l
RIAGE , BT HIBIEEN

-%-m‘vz — h—A (1. 2.5)

2 vloy =A/h(EFROB, B F AR REBETHII TN B SR Y, H
mxA B F R .

A. Einstein(1907) 0t — 2L RE B A 22 AL & F 2 B F I F R 30 I
% IR T R LR E T—>0K BT 0 2@, XA, Planck B¢
REEAEZMEMEATIEBREZATEE.

X BERTUER, AT FRE AR R R ER - F 6. B8, Newton
AN ER ORI ZH BUA (UKL ) . Huygens BB GRS 308, B E7E 19 42 20
FRET Young, Fresnel HHHH T S LRIFLZ )G, AR AL B &I
Bl 19 e FEM, &3t Maxwell, Hertz 2 A TAE, B € T BB BEEE. T MG
FEL RN, I FRAACHR 55t BT 48 7 Hh 4 TR X SUAR 8 AT ST R B e i b 7 — 1. {8
Planck-Einstein )t 8 FiE483E Newton ok A0 B A K 19, T 2R E i —A4
KKER. RN M5 EMET ER S —&. M Planck-Einstein 2 &3 (1. 2. 2) il
(L. 2. OFHTUFRLEN NN F LR THEER E HzhE p, R5HE B
IR Y AR KA AR R E—EHN. EARIMNEAS T, TEFEHFELSR
R, BN, E TS LR &H T, sy FE W F EHE,. e E
B R B MR R RIS RS ERE LT B PR T B WP G H, Ot
BRI BT,

O JakRFrAHB“I6TF” (photon) —iA) & 1926 4l G. N. Lewis (Nature, 18, Dec. 1926) A3 H 1. {8
AR HYSEFRFE Einstein —CHE S H.

@ BTSN TF RN — B FREE AT et R A BB, 2E EASH .
® A. Einstein, Ann. Physik, 22(1907),180,800;34(1911),170,590. P. Debye, Ann. Physik, 39

(1912),789. BAIUUZ R EATER (HKIHTHPBEERIEN(1957), § 60, Bk MR FHiL.
@ 9 ®



Yo & 82 M Planck-Einstein & & 3, 7F
J5 % Compton BUST SL 5 (1923) HR B T H #
FIIE S2©, BAE 1912 4 C. A. Sadler i1 A.
"""""""" Meshan $i &< B X 12k 8% 5 R 8 84 B 58U
fF, KA ZKMS. Compton E I IX Fb
IR FE L X ST K06 F 5 B FREE T =4 5.
BRI B I 53 BT,

& 1.5 Compton Bt p, B E—ER B R S &, R Mgt
LR FHIGER S BN/, BP X 52k
I 2R A N AR /N B K38 K, W 1. 5 B,

FERGHEE AT B 3R AR /N, (T 0 & k. M BB FERFHIHRALE, X T X
BHERR PR FRER, HB/DC, B, UM BB F. FRIAIETFEHENE
KA TFEERTFHMEREAEE—ITYEF. BEHEIETERE SHESF
{8, Bf

hv',p’
U YT

hy +mc? —h)/' = E, (1.2.6)

p—p =p. (1.2.7)
(1.2.6)%/c*— (1. 2. 7)? %ﬂﬁﬁ*ﬁﬁ%ﬂlﬂﬁﬁﬁ@%%%ﬁ

E?/c* — p° = m*c"
GEE,
-C-:l-é-(hu -I—mcz-—-hu’)z—(p—p, 2 = m*c* (1. 2. 8)
ST, p=hv/c,p'=h)/c, W]
pep = pp cosf = hzcw cosd

AR, 2.8), B[ HE

/ )

v=

1+ (1 — cosh)
m7C

Y,
1 [l-l-—(l——cos@):l (1. 2. 9)
Y
*IJ% A= C/Va;{ _C/V 9_titf5[’%f&
z = A+;§;(1—cosa) (1. 2. 10)

@ A. H. Compton, Phys. Rev., 21(1923),483; 22(1923),409. Aiit,Compton 3k 1927 4 Nobel 4
@ B, HEHEFRARMB/DMIYIRE, A%,
® 10 ®



4 A =-L=2.43X10"* ACHLF 1 Compton JEH) I

nc

A =21+2AQ—cos®
A =1 —2=211—cosh (1. 2.11)
H (1. 2. 10) AI{EREHE ), BURHE R I BE A B KT on. 3ie 8 g AR
SRR TL2ME.

ML 2. 10T LLFE N, B X HEERSABNIKBXRZPEET
Planck ‘% & h. HIt, ER2L Y2 LEERER. Compton BUN LR X BT
S — 1 EERERAE T XFF  EHAELRESP . BRETEMNETF(MARERN
—ZB4) 8 #CET. A, Compton ST 3L 5 A UESE T . (a) Planck-Einstein 32 & &,
(1.2.22MA. 2. HEFEEBEFRIEFHAY. (b)) FEMRK AN RESEG b, B AER

e FAESEZIFE. N. Bohr, H. A. Kramers #1 J. C. Slater % A B LA RN,
WS EPIIENMEERES T TEH, ERNSFHPHA—EFEH. FEK,W.
Bothe #1 H. Geiger(1924) RifF &8s HETHF AWM , % T Bohr S5 ARE .
A. W. Simon(1925) H=ZEffdlic R A F AR PHFRER, T HERBEBET
Bohr ¢ A E 1.

“TORBY AR S A4, sh 2 KEER SFERA B "SI, TG K K B
“HFXNER B PHS BESE. 1932 4E,C. D. Anderson 758 4148 # Wi 2]
IFHF, HEE 58 FF, BalFERS. RECERESHEFZETERF . fi
m, SPFENELD, BEE v A @I RN EZBIGHHE =4 e e X4

— N IER PRSI YRR SRR MR 2R e &, B EBE , A f5 Al
BBHERTFHIR . &5 —1Te —HER EEIFGT . A5 —1 e B/
SREFRLUMBEFER, R AEE. B FERE, ZEI S BFE, 2P R
PEAEBAS Y O, B

e +e —ny, N = 2,3,
M TFRIEN F . WASE TR B2 EUEMA R, B MR, &£
FAMBN o, WIZEERFIER, A

2hw = 2mc® (m A FHREE) (1.2.12)
S8y
A=~ R 02434
W mc

5513 Compton P KA. EiR 574 5 55 L WRIH — B, T — WRIESE T

@ Hlm,fEe e WALEPRITE. BRAMERNSIE N 0. HEEBE R4& — /46T, MEFELE
R ERPEESN o, BIBEAN O, HikFE R BIBFE. L, ZVEEERAEF, X B L RESE.

.11.



RO BB, SER 5 3B FERAIR BAL.

1.3 Bohr &1

Planck-Einstein B¢ 8 F A RSP F (m=Z0) BER<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>