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BRI ILEEAABNRERBNER, WX PE =R EHMANAERT 3
SHEM. —LiREMBUTERIAY| —EHRRF L, KR MBIFWEI. BT
MBS =B 1 F 4 FELQIWNE, N¥BRABNREINNERBAES 48, mit
ERHICHESE 6 F (BN HE7TE (BEGPNFRES) 2R, X8
B FiREERBEMRHRSZ R, FXE D P8 Coulomb BG E, HFA%I
%133, XETFHESH Born S0 HEAA BT HR.

EHRNEFE, —HFEMNETHRAERFIZBESHTINE. X
NAEEARERITHIRBRP LR, FH—FHE, #EmTOBBERFH¥EEL
M8 (BEEFAELNEXMEELRER) WEHEERARNES. A, X
F Co T WL, BEhHHThFREERFANEBIEE, MMAEUR
B Schrodinger B MW Hl &, N (=3) B F LB Greenberger-Horne-
Zeilinger (GHZ) YEXRMXHLE, BFERESLRSE. W, TR
AR T B, FEREEEAS BT T EMEBERAE. MHTFEELK
MABRESFEEREWH REE BN, FRRRERMOEE, HH5B4%
SBEMAIERWENL, F4ABREEB6E.

BFRoMRY, BE&—HE4E BTFH¥NENCH SOFENHE. HE
N B—T BRREARTIYE— L0 BT /1M R AR R R, Mg L
BB

ELL5BFigEAE 100 FHEZFR, D. Kleppner & R. Jackiw G,

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

the history of science. ”

REBFH¥EZLBBMNERMBI, HTREFHENEEABENER K
B-NTF &N 5EEENSEITAERE, BEFARNEBEMUERE, AHEEX
2% 5AMIHEEFBREREKAM, AMMEZERFRACEE. E N Bohr
Frifh:

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

MR FEEARSMEBANAR, —HAERENTE TREBFLESP

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



FE 2K EPR (Einstein-Podolsky-Rosen) #i8P#1 Schrodinger Ji S 4££ B OF A
[ .
XFF EPRFZH%8, M. A Rowe % 200D® #HTINTRIR:
“Local realism is the idea that objects have definite properties whether
or not they are measured, and that measurements of these properties are
not affected by events taking place sufficiently far away. Einstein,
Podolsky and Rosen used those reasonable assumptions to conclude that
quantum mechanics is incomplete, ”
ARK—EkBtE, Fie—HER A RB K. B
“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 #AREXCOPHE RN EBR LR SR T HHNFERGEHEH. Bell R
BN 2B FHAFHERYUES (ARED) Mo HM. Greenberger,
Horne & Zeilinger X} Bell B TAEM T #/2, 14T N (=3 BTFHEH
95 (GHZE), KRBT %%t Fen] W & s I T R 5 e it
FIED®, ERMALBUNERSB T HETHxEL—, M5EHEEBLRE
FIE®. A. Zeilinger A2 & B Fit#t4 100 BEN X EOFEH.

“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. ”

Schrodinger AR —SCP Y T — NG, B “BFHESERHFRE

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

@ E. Schrodinger, Naturwissenschaften, 23 (1935), 807-812, 823-828, 844-849; ¥ XX WL,
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. Clausers 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),

00 ee e

1131.
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),

(CNC]

515.
@ A. Zeilinger, Nature, 408 (2000), 639.

o Qi e



BER? XBB LB FIFEMEBTIENXR (R, A “GR7 (classi-
cad) & “ZW” (macroscopic) k], HEFER, EREMNLEREZHEFT, B
FELK £ A W R B FI R W R B B9 Schrodinger “7702, H. D. Zeh f1 W.
H. Zurek®®® 1 1 FiBHT (decoherence) Wb AUEHE AW R B 2 Wi R0
L. MATAA®.

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

Schrédinger equation
ihdi L ¢y =H | ¢
I3
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. ”

FEHBAI XY, B TFEENE R EAT RS REFRHEEER, MW
MTHRER. E—RERT, ATERNBEWRFENS. XFH, Myatt
%5iEC,
“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 Schrédinger’s cat’
thought-experiment) are not observed. ”
St FBFHEEAESNFELFMNSE, R Blatt (2000) ELHE?.
“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 Bif®,

C. Monroe, et al, , Science, 272 (1996), 1131.
C. H. Van der Wal, et al. , Science, 290 (2001), 773.
H. D. Zeh, Found, Phys., 1 (1970), 69. W. H. Zurek, Phys. Rev, , D24 (1981), 1516; D26

© e e

(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, 1. Stamatescu and H. D. Zeh, Decoherence and Ap-
pearance of A Classical World in Quantum Theory, Springer, Berlin, 1996,

® G. ]. 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. ”
MIER, X MBENFE, —SHXAERE, AUETEREL (BT
W8, Bragd, B7EER, BrEE%, BTETHES, FFRE

MR, RER TSRO R SURBUS OB AR, 19 tit
LRYHEEFWLEEBERER. BT ¥R KBEE TERIET H—7
B, ERIEREEANSER RGN ERE. HE T H¥FEaHE
BT HEHBE, WATREEHANE S NRERRERE. AMNIZE
Feynman #9401 F &k -

“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. ”
s, BF IS HMEHTE, BRHBRO. XTFRTHENSE, RiF
R TERBRNARFERNFAEY WA, Emd B RS AR
CBEEY PR

“BRRIBRES, ERLETREE.”

EH—BRRF, MINTFERARTYRFENEFE BN, RFE
FEREHMNEE

KR TFLEXSHA LR
200741 A

@ G. Amelino-Camelia, Nature, 408 (2000), 661.
® M. Tegmark and J. A. Wheeler, Scientific American, 284 (2001), 68,
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F=h (2000 ££) F &

A, RITDRTEFORAE—-THE BFHENESY, SEDH L4
2. BFHhEF5HIHEMEL, B 20 a3 AR R, fTRLZEAR
ok, BAEERETHFE5MEMNISHES, SHEAE ALY B CH.

“RFAKEERYREMEH BT XA EMBEANRE, RAEERFH
HESEAM F A TR B L. AT DL B 1B R M 0 S B A
HE¥EBEE TR T %X AEu. B, EAYEE. KF50FEWME0L
Y. FFZEME5ZEFH (BRERMEFR . MrYEsE, grhsEm
BrAWE. R REYWHE., KEDE. NRYHE. XEPHE, BFEFE
B, SETEXELIESL

RNAERFHEETHEPFER, BOABRBIAZEATICH T RN R
. %at, BARBARE], FE8H—HEFH¥SRERRBEFRMEEEAR
VRIS FRE, BRSO ABBETERTFHEMEBRERWESYHEE,
AUEERRET “WH2aBE2EEK. Bk, $B2E4207 “EHAEBATESHR
BERER? A LBBREE. REEMKHEZR?” SEERNME, &5
£ TEREARFHENHEARNERETE, WXL BETIARY FE TR E R
.

BEBEIANFBRAETE. RERTH¥EERESARDTE 20 H 20 £RR
TR, REESME T ¥ ERERASF LRSS MR =88 A
BEREAS AR AR, HESETFH%ESRMSNFEENEE LY BEER, —
EREEIINSIE. RIDEHEED, EFEREFHEESERMERLTEHER
BAEANBEFHE EER L —EREE%RAY (0 Nature, Science,
Phys. Rev. Lett. %) LAWIHBEI—RFIME —FH, XFRFHF%ESH
SMEHENSE, CABHMEITREEIEMMR (L1 EPR£Z, Bell &%
R, BFHEPHIEESHENZEHRKE , Schrodinger ERENVWRE E L,
AHEM S S5 AE AW (which-way) LE, 1E IR R R0 LI T
B, %), JERREFHTAMIEFEAE - IENEAREMER, DIEETF
FFFZRAENER. F—FH, —RINFHNERRFRNTHTHEZH, F
wm, Et. BIFMERHAER . Josephson M HZ )G, EFEXRLXAKE T Hall
BN, RBHFHME, BoseFEinstein B3R5, HXMEARARBEEREFRE.
it 21 thaadn, BFA¥FMLHMSEMBEE, —HFH O ERE RN E T
A, B, BFATE, B ERR%%.



B X g AR A AT NS . — BB T AR AR 52 N
BEET BB AR, RIERFEANEEE R, ERNENEF -1 RAHS
RIE. BT hesit—PRE, mirax 21 tHE ARMYRSCAEEREL
. H—FKw, AMEE, B Hh¥ERalimis, ST RIEHRZ
IEBRY. R, AR %R SR A B SR W%YE, (BRI
&, BLEANASHYREFERAXOHBET, BFH¥NEREKRLREREERH
.

BN BT IR ERAX R, ABEER RIRED MTEK
BENEY. B 1EETIENEAREEIBFIIEHE—-SRANSES, £
WAHEABIRARER T ¥ RO TESEN. FEWHETIEEESRTESH
J& > FILAECER s A 5 B 1 % R & R SUR A R TAE.

FHEBFEFEEEIRRENER T HEHENPR 40 FERERY. 1E
H—AEIn, BB FEFTBIRAR 2 A O R EEER LR k.

BRI R NS, BUTBEE, BfA? W FEEE, 2
47 ITERMZE? BIAD—NMFRRAEIN, TR FERQR, mA
WEIESFF MR EEE, R RDEMERDE.

XEHRBIPE EHBARMAFHRR. PEAGEE. “GMER”, 3E
e, BASEHERE. RWOER, “44” AR—WFE, MENRER “F
K. WAR, AT ARCEHITIRRE T, SIS EMRETAE T A AN
AVGR. HmBtkik s, PHEEMARREEE AMTk? AT AR, BRI
HERARARESREL, wA—FXt, BN ARNRESNCHARRE
REANFNRESI KA T

ETEXAAH, FRSHEBERPDREANBEFRX. 2EE TR,
FHRMANLER D B HRARBERIR. — MBI, N5 SFER AL
WwERE, REHCHERE-—ENIRAK, @IS HMEEEBHITADIA
RBMARE? ARBEPEA— DO SHREE, SEERSESMEESHN
KWIHRATF E AR, HREADEZLRBHLHNEREARY, HAELE
FEorBITXMFIE, ibFEERCERE, ACERE-MBIFENATR. it
W, BMERET, WAEE, A TLIh 8 BIR A 5 5t s T VERE 1 iR
. IR BE R RS 8 ERSIOR E R A, BB RS
LB ERREGRBRASE. XL, SRS S, AT aEE R
HAPERBAAFERRA MR

FERTRAAR, IASESANIAESHETIALEE ( “REHSRD
47, MELEITBERELZRYHRP. —IEISE AR LB H A &80
REFH AN, EAEME, MEWANMIRES, BRATRERE, BFAH
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BHEME. XH, R2ARBTEEN 2 )G A IS S eI AT e AR TR AT
B XX THEFAUBENAARZXREEN, (R RE KX INA X F
(Frif “EZBife, WZBEd”, JRB0 “BEZ2EM, EREEE”.) EMIREH
FhRMEITHEM XA, Heisenberg Uit : “MFMRFitigZd. ”

BRIERMBRREF, A LERTHY SREMR. MEFMERE
BRI, BELFEENREEATHTIR.

MBEERRE, BUTHER— IS REN, HARFEMEEMHIARA
HE. AEARIRM. BMAE, —UES, REESEEMEHER, BEHE
WAZRMBINERE. BRI —, ®H b THIT A C X AR 2R K BRI
Besh, JRRFHEE, WA SFAFAHMARBBRNRERRERM, #HT7E
Eo, M2 BIMERE A S RONAR . TIH A X R T B AR th S R A,

FEHFAR L, BONTRETHEIRHEBERY, RIAIEH
REBFEBIFRFHRMFERE, REBRANR, RATAZHA. RKEREAEEM
B (BFHEY (FE) ®F 5T HIEADEH “BEDR”, LHETHKZHE.
(BIENE N Z RGN ABICR R (BF %FHE) H$hRa: BETRREN
GiiHiaRE, MR B E SR BT 3 e R OO A A S, (HXRIBIE R R
B9.) BURIEERA RS ERSTHY, @B “WBRL”, FEARSEXFH
WRRZEXEBMBITIR G TP X, XRBET TERWAEFENF T, Bt
METFHE RS, FEHEFBWRE ( “FHTFHEMBETE, KETFK
T FAD).

AR, BREEZSN, BRADEAFEATG SR TRENTR. — 158
SWRARIEBRERIA, W FAARNRE, E2ERSETHRERE. XTA
TIERAR B, BHEARAAEZHARTFREEMNONERR, W—AH
R ARFLREBMEN, R HRREEN, -RETEHNHANE
BARTRITHRENDE, MARRTER —HRBENMIREXEREFE B
AOAE RN ES, HYHHR— AR, R B O XA XS M
B—ERER T, XM “REHEN7, “AHER”, HEHE “BAR
W, “SRER. k2, RREMEMERNANE, FBERBREL—L.

R IB N BB LB R A BRI — R T AR R 2R R R o R
WAMRRE, XX T RERIMAAFZEH N, EEELEERIEN. 5—
BRRMGREE T ZEMEZEREE CGRBENPIRE), MITR—XEEMH
ER, ERBENRERLD. HMEHMBIINIES, EE2HAREH
&’ DI EEAOPEE, TEXRFERPIE AN B, MEX SR m e T
HETH. Hla, R P. Feynman B F 2B EHQHEE, MEMENRA

O RAHT - BEE, F, BZTE, TFTH; K, Kbz, WEFK”
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MBISERE. BETI, RAEHSE S, SSELREEET TR, BEE
BERL, mEZEIIR S % BAr ATERRER, W4 2 A M L TR
R, R —NrF2FRE s i — MR TR, BT UAK, ATBRREMR
. MPEH, A-SREER BT EN AN SER AR T. HA
WIFSU, EHMEEARER. HROZBRYE, REX1EREERE, X
BRI SR, HEMRNE TESHABITKI]. 48, XEEH0EEH
A—EHIEFEE, HY THEFROHAAHEIEEERN.

BRIERREMER. WIFEALE, BB TFAH¥EXE-T2R, #HELER
A 2%, BRALERE—AZHM. HRANVAEMNZZRTER, BHRET
BE#H. BT HE2BRIUBEA, HIREE R RBHEM R EETE
AR BRNESEEHREZE, BURSEENTLBET FH, MR
WL EFUAREEREMBEIORMENR. BIAE 20 42 50 4, BRSERFE
BT RSB RAR. Yidu kR — LA RY “BFH¥ AR, ‘B
FHERAK EHTFRE”. XEHTRRRE, EERBRBEEPFERDRE.
MBS BV EFG TR, BT THROEBUEXFRE. EKI#ETR
MBI RRERM L, BRT (BFAH%¥) (B, TH, 1981, Rladifii). 90
80, NBERFHEFR. EREN, RESBELR, FEIESMFEEL Y
B, T -HRER. ERIE, B TEEHRR. HRZE, REFKE
—TREHEERBORE, ATFTHEE, AINRRBENHR T 1EBEKFU
REFRE (BFEE. . BHREHRAZBER) —RERYWHET LMY
TRRB R, ZHEEHILKER, NARREREER.

&AM, 40 FRBERAEE. RIGEEERKESE ENZED, REY
BEH, SEH#HEFMEL, TERKEE RINTERKYLFIENT
52, MARMPEFAMEIREERTR. HELEFEX, RIERT. —
AER, WREERMERE, BATEEAESR, —TRENAEUHE, BE
EBAVTHRREZA ERFHOREZER, RIIDARRNISEEE X
AEFREILRANS S, A1 800, REFETER—R “TERKR, H
ERAT. BERIMEEREAE. ATEHEOETR, ELmERE.

#EFRLELRS
200041 A
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BTH (1990 ) FE (%)

10 4ERl, 1EBTE (BT H%¥) (L. TH, B¥HEm, 198D MAAER
Ehxt M4at E N F 2R E L RIE R e R, RSB AR, ZRTRKEEK
W, BWEH, AAEHKEER. EHFERRREELTHIEFRENRG, 4
FTHEEMEEGER, AN REREE 7 #FE KR T R KER.
1988 FEHERBEMA TRELUXRTEERXRRAERAFEHME, ZHEKLEH
ANEYHHZ —.

104ELIR, REEFHFHFEKFETHERR. EEREERKTHR
. B EA XTSRS NEMERIR, LREETHRSEFIFER K
BRXFER, ABEIBELR B 1 EIFBEHEMERSES, W%l WE
HHRENHESE .

EREARRN, (EESRT ESMNIERD RN —BHEMMER, EEHR
BT BF AR RS N A, MR A T BT FEE TR
B0 R S B 2 B 9T BLSR.

XTFBFH%RBEHNE, SEZERNHEMBROERSERKCR, FEs
THHREHREHA. FHRFEEI—-BTRGEF ZSRERNREBCR, &
T—HEEITE. #in, XF Planck BAEHARRHKTTEEH R, Bohr B3t
TN R 4,

EABESMEEKR, HRE-NAER. SEREEHME “BFAHERR
W, “BFA¥EEAREHETEN”. BEAEESENEHENBHTENEZ
¥, 7 (BFH¥) Q98D &, BSEANSHEEK PR T — s
K, B, MBES-BFREMEN SRS RS T2 BRI 4
WG HBRRZE ¥R, XTEFAMESSBNEE, X8EL%E. 1£5
EES| SiRE LN REMBRAE, LIREEENFEI NS, X HEEE TR
ZRITARENEE. EREAREN, 1EH XM T #2580, HUET 285
TR MRk,

S EENETFIERAFREESIEEER— %, AR H¥EEREME
BLIE S RE—EARGTRRBH S FE, XEHLRERE. BEESFH,
SRR TAE P E 2R FARBOr ok 2 B AMEE. A — SR fiF i 7] BE RT
PARE O S R ERE M. B, 38 M Dirac Bip 1 Schwinger
. ARAXHEHIRAR, ARBE S FBAME BN E S — .

WA, 7RIS 2 M3, BEdEEHM PIHERED,

e X ¢



B, RERR, ESHMESEBTRINXR, RIRSERASHXR, #H
PRIBAR S SRAEAREHX R, Hellmann-Feynman EH, HARE, &
FRTELYREBETFUNE. BHEL--RHMT KIBEEER. MRS MAHE
MBRFH#MR e, SFEBMTEBSEE PR EEM, Born HIHEH
FA%, EMT BEFAEITE.

NTHBTEEERAEBE XSRS, B TERNEZEM%
. EHEREFERETFHFLBERARBNES, EEEZRES T KR
REALEE IR, WA SRR, 538> /b M Y042 B AR BN 3T
ARREERE RAABNEE, TRNER (B FHIEIEMEESHT G
ok, GBS, SEHB EYEESEA.

PLZRE, HAMRA/ZEAFEIMN. BUTTRNPREARFEBLE (F4K
¥, BURES A BN -G (<2/3), HARSBIFER/EE A HE
%, XAMTFTARBEANERZAE KRS E. BUTNZHSE, B8EMNE
M E BRI ST R AR BN AE 1, TR RIR T8 Bk M iR

Hk FREXSE
1989 4EH



F—h (1981 %) FE (#ER)

BT I RE AL A = L BRI TR B SO0 o R S B 1E B
T, 7220 HERB) 20 ERPHESLERK. ANAEZERSPRH, FlETFHE
B, RFRZIT RS HEEBLRTRFHNEITAERNES, EXBR]
BB —FPFHWEARSE—RFRAK, TIINETEER - EEE —Planck
B A RRA. ZMYBEEXBEHE T RELRKGTE, BTH¥EHNEESE5M
IR TR DX HF B 1 8 B A R R .

HE, AEANEFHIERESEUYREHFLX. FLE, RFHFEHN
BANZEEMAHFR, MAEIEERRER, TLHETYBREREE TN
YR, DHEKBEZRIEVNHRENARARARNEEAERE, LR EAT
RETFHFEMNEN—EL. — Uik, 1E8RYIRE TR E R R RN
HREE, HMEFHRNHARE, FUEKN¥R—MBFREM. #w, 17
BLERMmEs, SERFPRFREFEMEHMEL, BZETHFEAEX
[ih {EX‘I:FF'I%’ %%ﬁﬁj%ﬁ%/@lﬁ% (%ﬁ]ﬁ muR>>h, m%ﬁ?&)ﬁﬁ’ v
REE, REVEFE, Rk, S8R Y IERK.

BE-HRERHAER, BFRN W EHETH SR E R, Hln, HEET
R/ HBRSHRZS5ERAE; XM, ARERTFESHEE (RBAD
MEERURER. ¥E. ¥BEEBATEE » R/DHRFE (B, £RFH
HFR), BFHNEAREE. FREZM. Hik, @Bh¥5RFhRERTE
K Rg, NYRERTHNEESTRS.

BF¥AENEHR, BAMINTBRFARNEL BF %, i3k
HXHERF ¥ EANR SR EAHES, WENMEBIBER 50 ZES, &
T R E R, RRIMAHABGE ARAATRSRO TR, TR T %
FTs B RN SR, ERIRAZIEERNE R, LURLEFA Y S
Guk. BfE, FTLAUL, BEYHEZAMEMAGEGHTAEN TE, BERFH¥EER
AR, L b, BF%C NI BB R Al Sk 69 BS H .

LR, SEM—TERB %8, BFHRMRRERKHRBEPHMHENE
. MBFH¥EEILE, AR EEARSUNHES QRN — S,
RARFEERNRRBNFIL. XFEELHE IR K FH T & KEs
KB R.

HEFRERR
1981 4E %
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