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%4 Bohr "hAW=Z#d” Kk —8HF,
Bl AFWEFHAETL -8 AF

(—) ELZA, AIKE

2013 4F, Ok VAt R¥EY M LW H R A RELE. —DEAK, HEW
ATy A, RIERE K T N Bohr “fi K =#Bi#” (The Great Trilogy)V k& % —
HRAE, WOCEIT 7R85 e AR K. ZE0H L4, 7 Bohr B48
I, Z—HMAN LY B K 0 3L 18 %5 0y . i Y I AE b A 2 B BN /) [P A2
B #F Copenhagen (9 Bohr BF5TFT . BLH SN A B 1 F ) BR2A A 50 b, fEdb st
R AR UL BB — ) W B B BE B Z PR, (BURAFE AT RLAE S H, 1921 —
1930)¢ — BRI LR MREAME L. “EliZz A, ol RLBCE"Y. #i BTk i) B

(D) MEATASEHTEHMARBRENBAZR, AR TEMARER
HEZXRUENSERENARAZINEEVIEESZVSE (p. 127). Bohr 1Y
JE 25K i d USRI A 1 B g W S . — DA N E. Ruth-
erford A1 J. J. Thomson RSk A A X4 5T 45 04 19 5250 A& 9, 05— Ji [ 4 B 2
K M. Planck f1 A. Einstein 5| ST AR M A WMHEIB Y (p. 61). £1E
Bohr #F5E BT 91 55 (0 B9 AN 2 — 3K 25 N TR ZUED R 00 JE K W B4 &K 44 B, i 2 £
FET XA ER PR T WS ER . AR HITE M [ s i A8, 44 B
FRAR T R LMW AR, HE A T AR TR e Mg w0 R I8 TR R
Bohr ANJ&— AR e T/4F . HEHH 5 b e i BRAY . dse A K KRN B A5 3 U i) 4 2
2GRS AR A 0 A Bl e KO BERT#E. BHERE J) 22 9 8536 A Heisenberg $hidd . ©
Science is rooted in conversation”™ (p. 134). X4t 172 FUAH T8 1 T f1 2 o

@ N. Bohr. Philosophical Magazine. 26 (1913). Onthe Constitution o f Atoms and Molecules . 1-25.
471-502, 857-875.

Q (HORBEFERT AR H . 1921519300, M fe A, sdi L. MO . LAk et B iRk,
19851 . ¥ P. Robertson. The Early Years. The Niels Bohr Institute, 1921—1930 . AkademiskForlag.
1979 .
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U AR BTK 1Y Dirac 754843 Nobel ¥/ 2# % )5 45 Bohr BI{5 P 425 . 3R 53K Fr
A B R 2B A, AR IR S 0 BRI A £ RS2 e . e 1 A AT e
AR S o R 5 ol 52 ) JF AN R BLAE TR I AR, B A S d G FE A T OF S (4 — )
IR AR (p. 153). Bohr M{5 . HBr & 1E GE 76 4 15 & e b & 95 R B9 1
M. AE 20 4l 20 4E4X, Bohr BF7EFT &AL 1 15 & 5t % [ 4 3 50 56 & FIBIE 5 BT 1Y)
A KAGE DL — W Wl (p. 155).

(2) MXFie 5 a5 & 20 22 9 39 5 49 5 A Rl i AC 9 5Tk, AL Einstein
(1 2% F A E B AE AP AL . T BRI AR e R R i — A e . St
ANTa] o B N e ROE AN A, AT B A AT e N TR IR
HIHER by INFRE S LB B — B R KB4 7. M. Planck. A. Einstein.
N. Bohr. W. Heisenberg. W. Pauli. L. de Broglie. E. Schrédinger. MBorn.
P. A. M. Dirac %. ifIEEHNE. NBPREBTEHR (415 %) HEFH
IS TAHTEE. 254515 Nobel ¥ H %% Bohr WFsS A — K H B4
ik AINERFEVBRZRNEHIIAE, MEERAHBKHEIHENER
A, LN ABRRERTNERE R RAXH, TERAXEE LAHRY
o E. FEERSAEBHAAITES (p.32).

(3) HITERMHARIE, LA —HNIABELHEINIBIERELEME
te®, RAEAREESFA RS BRI HERE. XA T T ARRARE T 2L
PR Z B Z 0. Bohr #9519 oL 17 )22 45 4 B8 X T4k 2 oo & A 31 7 0 ME G 4R
KA. RIS, Pauli (955 4 A 7 BORUAS A 25 JRUBE A0 B2 01, o 0852 3052 .
“Bohr iy K Sy t& 2 —1E Tt 82 LM ar o0 AWk ik 7 e LR . A TP
B EAHES I EIRERZE R (p. 116). M, XRARITEELASE
THAREBVES, IHEATUBROPIRTENEEMS (p.15). TRERKIZER
BR— 1T EHANFELEMESETNREEMHIE.

(Z) EFRENZEEPEIRERQEMMRAIINELR

B 100 FAEZER. MIFEERGERAY: "EFRENFERET
BEABREMNAMERINNER"Y. &1 ¥R EMUSEE R 550 7454,
B RE . BT RE) . PR EA RN (SRt SR, B . UK
KEPH . TR R 2R WS ARG 2 A a SR, B T 1
A TR B AE S 5 AT H AT 5= AR AR R A AT & Y B R R 2R

D D. Kleppnerd. R. Jackiw. Science 289 (2000) 893; A. Zeilinger. Nature 408 (2000) 639: M.
Tegmark®. J. A. Wheeler. Scientific American 284 (2001) 68.
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WAELE. ]. A. Wheeler 57 12 BB LLAE “Merlin principle”®. (Merlin f&f%
8 FF A — A JE A U At nT LA B 38 2 T AS AR K LE B A R R RO, Iﬂ’f&ﬁf‘
HUSH)—H ZF IR R, EEOGRRRE B, ZmiMiAEW], Z00 k5 &,
N. Bohr ¥ 2 #if: “Anyone who was not shocked by quantum theory has not
understood it”. R. P. FeynmanV #%3d: *“I think I cansafely say that nobody
today understands quantum mechanics. ”

20 2 4R, Planck fl Einstein B Bohr #H 5T O RIS WKL T 1) BE B 1)
AL T R 0 B BUME (discreteness) 55 28 L) B4 (1) 3% 25 P (continuity) (1 # 7&
A AN AL 1927 4F Heisenberg® B9 A5 E 14 R ¥ (uncertainty principle) 31 | £
1 o 2% v HAH 4 ] COE D) A A A0 E W 2h 23 (8] il R k7 iz s RS R &, 1935
42, EPR (B O f122 IE GBS A0 58 & PSR L B B [ E B Mk pR Y
JLRE B 725 00 & n B B AT e /R 16 “E B8 ” (non-locality) |, [RI4F 7 B,
Schrodinger M AER YR A “ £ 48”7 (entanglement) , X F 1% FE & BIE &
Tk T 2 Wt B4 il R BE. e KR KA L HAER M . EPR ££i8 5 Schrod-
inger i ASfEE — HB A AN PR RE. HZS5MAEXERMNTESE T HEE
7 1 (local realism) ML # K Bell REX(CHSH A% FE, MEEFHE
I —%Y. BEFEBEMAE R P. Feynman 42 HH 1 “#42 #14 " (path-inte-
graD FRiS . 85 91 2 7E AB(Aharonov-Bohm) U B . & BLAS HF 5 03 B9, )
. AR — A TG A R) R A B, O Tt s 18] PLAN B RE 3. e A
B4 NATETA B BT A A BN, 5 ABZUN —F, #EA LA .

RGBS B8 1 T A 1Y (predictions) B 12 4 BT A 5% 56 W8 I B iE 55,
A EAMELEE M AWREE. HR A AN 15 s 19 I 5 #He (Co-
penhagen B AR, IAAE R “KAIL K %" (the fog from the
north) @, #EHIEX TR FHNEFH LB ML, Feynman® A K& “H 1)
SR RD R R, FEME TR R . AT AN ALE T R gt T — Ak Ak T B A T
Wht L. i — B ATRERE TR W AkaE (BRI E 1 E

@ S. Popescud. D. Rohrlich. Foundations of Physics. 24 (1994) 379.

©@ T. Hey & P. Walters. The New Quantum Universe. Cambridge University Press. 2003. page xi.
POCPRA, TR RE . BT IER . W R AR AL . 2005,

@ W. Heisenberg, Zeit. Physik 43 (1927) 1725 93¢ A W Quantum Theory and Measurement  J.
A. Wheelerd.- W, H. Zurek ¥%i. Princeton University Press, NJ. 1984. p. 62.

@ A. Einstein. B. Podolsky. & N. Rosen . Phys. Rev. 47 (1935) 777.

@ E. Schrodinger » Naturwissenschalten. 23 (1935) 807.

@ A . Aspect. Nature 398 (1999) 189; S. Groblacher, et al. . Nature 446 (2007) 871.

M M. Schlosshauer, Nature 453(2008) 39.

@  The Feynman Lectures of Phuysicss vol. 3y Quantum Mechanics. Addison-Wesley, Reading.
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W E I A AL RS . T AR BUEE L I B K. Copenhagen 12 BN K. X
ST E S B9 A AT & B F #E (" unavoidable measurement disturbance”) fif
HOEM Dirr HFOEFE FTFHN LM T D “MEBRHIR” (which-way
experiment) , Bl F — 30 B F XF 65 I (standing waves of light) B9 fi7 5, AJ W8 1
BT LU BEAR @ B AT 5 AERE . FE L S 50 b o B OLAE . R i R 4 B
1117 2 FH it B DA 285 O A A JBE - SR B S TR B B AR IR, A SR A R S B9 Ok
TEMLSEE ., “the ‘back action’ of path detection is too small (about four orders
of magnitude than the fringe separation) to explain the disappearance of the interfer-
ence pattern”. fBATTIA A LA B T 00 4 A8 09 A o] 45 )09 B0k 8 B Ik B 4.
s fiTHE s 53— A . B “correlations between the which-way detector and the a-
tomic motion”, HIF] “#Y4%ii” (entanglement) 04, P. Knight™ #5!1} .

“Entanglement is a peculiar but basic feature of quantum mechanics. In-
dividual quantum-mechanical entities need have no well-defined state;
they may instead be involved in collective, correlated (‘entangled’)
state with other entities, where only the entire superposition carries in-
formation. Entanglement may apply to a set of particles . or to two or

more properties of a single particle”.
(Z) WIERAHEEXRZPRIE

W, ECERP R AL RATEE RIS, R T ¥ D, 78
TE B X & (uncertainty relation) il KB F . X FAEZEMWA WM E A F1B,

AAAB = I<[A,B])] Q)

0o | —

ERd, [A.BI=(AB—BA).AA= J{A") — (A’ 5 AB= J/(BY)—(B)’ &tr#fE
2, (A)=(glAlp) 5(B)=(¢|Blyp Ml it A 1B R TE | ¢ FHF
P, A B X & (D E %1 Robertson™, Kennard® fl Weyl? 2511, & F
JFEHA T, ARE B E R (D R T I R 4 i 12 B Schwartz AS %5 015 H;
1. EM#HVIEE:. TFTELHBERHENXEEFS(HESE), AUNE A

@ S, Dirr. T. Nonnd. G. Rempe. Nature 395 (1998) 33,

¢ P. Knight. Nature 395 (1998) 12.

@ H. P. Robertson. Phys. Rev. 34 (1929) 163.

@ E. H. Kennard. Zeit, Phys. 44 (1927) 326.

1 H. Weyl. Gruppentheorie und quantenmechanik « Hirzel. Leipzig, 1928,



MB AMIMENIRERENRBZINMREY. THMEEXRFATTR—1A
BHRESTIHt, MRLENEFS | ¢ XENITHMEEMERN, FE®BTE
TFENMNEY. HACZETFSIRPBIEXY, BREFWH. HAMHEEX
AOD)H AR N . M TFHREMNRTFS | . RQIIB.ATl¢ 70, WANIARE
%t A R B A HE Gointly) [ B AH 4k Hb Csuccessively) JHEATIHEY . 3¢ T A @ B X &
LR E A TS . al B W p. 39 HIRTE.

AN 58 JE G 0090 359 T8 B8 A b A B E M R I (uncertainty principle). )
& F—ART bR s A=2. B=p,.C=h, 22— E0NERE . Hit.—
MIFR—HZOLIEMHERFTREEETTEWENE; HEH R, — MR FRLER
MHBAFVEEFGHRBEXRIES.

Schrodinger fRFL A4 9. 5 A8 & B 6 & (1) B9 5 AR i R n X Al
I BN b —J5ULE 5E Y B A8 T
(MY (AB)Y = | L(g1AB — BA|p l+%[<¢|AB T BA ) — 4(plA | ($IBIp T

(2)

FE— R OLT Ao B C RO 4 I (AA)? (AB)* VT Schrodinger 43 H HY
A (2).

W iZ45 . Heisenberg JEE 18 1Y J& M 818 Z - F # X % (measurement er-

. . 'l]
ror-disturbance relation)!

e(A)p(B) = —[<{[A.B]| (3)

0o | —

HorpreCA) J2nT I 5 A A9 B3R 22 . p(B) OB AT I it B 32 3 i i 2L 3% 1+
P LA R op ), R [H & —FEY R AR 4 8 Heisenberg RIS X R
HRMAEXR. EAHREN. CRPEIEN . MEIRE-TMAELROERL LR ES
IE#f. Rk, Ozawa®™ WEW . MR ZE-THOCR GIRIEIT N

s(/—\)r;(b’)+5(A)AB+77(B)AA>%|<[A.B]>l (4)

@ C. Branciard. PNAS 110 (2013) 6742 6727,
1 L. A. Rozema. A. Darabi. D. H. Maller. A. Hayat. Y. Soudagar. and A. M. Stcinberg. Phys.
Rev. Lett. 109 (2012) 100404,
0. Nairz. M. Arndi. &.A. Zeilinger. Phys. Rev. A65 (2002) 032109 . LA K HT 4| SCHiK.
@ E. Schrodinger. Sitz. Preuss. Akad. Wiss. 14(1930) 296-303 : # % A& W arXiv : quant-ph 9903100
v2 15 Jun 2000,
.. EBallentine. Rev. Mod. Phys. 42 (1970) 338.
@ M. Ozawa. Phys. Rev. A67 (2003) 042105: Phys. Lett. A320 (2004) 367.



P SCHRDS 45 T Ozawa I 5% 25 - 80 56 &R (4) 59 £ Bh T BT 1 95 I &
(weak measurement) FJSEEREGIE. b, 5l & T KA & R B IR 218038
ANINK, WIZEAEXHNEG#R T HEEMP L, A AX T Ozawa 190 &
WE-TXRZIFAR W AY, L. C. Branciard® 2 7 54— % £ K,
b Fx Z R & F T L BE & M 4 Capproximate joint-measurement) [/ error-

tradeoff relation

ABé, 4 AA%eh + 2 \/AA"’AB! — - Chuaen = 1 Cha (5)

(5) U AA 5 AB ZbRUEM 2 . €4 5 ep BIMERZE M T M2, C=i((B,AD.

M 2 — AN K7 [R]— B 220 04 A6 A A3l i n] DOKS 8 . B FiYis
s AR A I AH 25 8] CIE 0 A bR 5 0 W 3l & 25 8D b i) — A SOR k. X T 45
Hamilton (9K 5 . iz ghtR A B 0 (8] (49 i Ak . i & 76 AH 25 8] B9 90 46 4 & A
IEW B e ehE . X e ) Erh e e,

e 1%, BT Heisenberg ASHA @ PR BE ., — K0 1 [R] — B 20 1) 4
b ANl A B A0 E (. KRB T8 BB Hilbert 238 [ P ) — K4 (9
AR, AT T 45 € Hamilton f (KR, 5t &Rl R # 3 4L e 9 i &
A1 ¢C0)) Ml Schrodinger /7 FE5E @M. Heisenberg AHfiE LR B AGH L, 2 F)
Fh ) AN ERKEM. Ao tE R B R 2 B HE D E P Gindetermi-
nacy) 52 Mt fp2E 19 52 18 (determinism) JE A SR I 2% . EbrE & T M
55 2 My 2 U IR A 0T ) 25

FITAK, MERE-FTHRXR(NAAEXR)SFAHEEXZNENAE,
AARA—K. EAAHNERE-THXEEFIHEERERI—%X. WEIR
E-FHHEXEHEIT, FELHE Heisenberg A REMREMN T EEMEFNFE

(W) WBRmYI& X5 8 Mm@ CSCO $Ii7

LA AMTE 23538 AR . 1935 4F Schrodinger $2 11 24 48, & — 4 4E 3 3L A
IR AR RO BE S0, AR S G B 5 A B2 A D R (LA AT T 5,
e R TR T 0 0 ) 7 L

PSR, CSRH-RMFRMETRR T

@ ]. Erhart. S. Sponar. GG. Sulyok. ;. Badurek. M. Ozawa and Y. Hasegawa. Nature Physics 8
(2012) 185.
) R. Cowen. Nature 498 (2013) 419. LI K g SCHk.
% M. Q. Ruan&.]J. Y. Zeng. Chin. Phys. Lett. 20 (2003) 1420.
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FHR, EFUEZEVLSRBIRF?. B—MHEXRE: HEHT—TESREN
HF, MASERABEBEHEN(ZED)BAIMRENSHATRME. X —£87E P
Knight i) SCHRY B2 K. 7 V. Vedral® SO B ff $2 3 .

“What exactly is entanglement? After all is said and done, it takes (at

least) two to tangle. although these two need not be particles. To study

entanglement, two or more subsystems need to be identified, together

with the appropriate degrees of freedom that might be entangled. These

subsystems are technically known as modes. Most formally, entangle-

ment is the degree of correlation between observables ( pertaining to

dif ferent modes) that exceeds any correlation allowed by the laws of

classical physics. ”

Hp BOp AR T B9 A TR @ B A A X 5 i nl 0 ] & 4 2 28 46 25 i 52 58 1
%, CEERELREhEm. Hlan, 7€ Darr FBRYR b, Hl& 7—DETFH
JRL B S TR MR TS A, £ C. Monroe 2L K, SCH 77
Paul B — 1" Be" B FRINEE (BF#MAS) SHELES (WE M=

Wi gh) MAgEaizs. R . T 7 A ABER/2 R WORLT I B e
1R L S

TR TAUSR M. CA2ARE MBS TR, [HREPR
T BN AR G ke, T T 205 HY — 2l 25 AY 2] 98 ) 4
— T . TG KON TR B R 2 AP R B el L L D B D)

W PSS AR R AR B () R 55 0 T A i
ST 2 109 D, B, 753 09P AT LI A A0 B (04 S
LLEX T

(a) MEZHT, AMBAANEARHENHE (AR AMB HILFEIAMES).

(b) A F1 B B[R] 8 2 (5] 4 5 U A G 3K CRESR A 9D

WAVEZS, WA EEXR, —Mdik, 7ER—FZ. Rxt5 i ar
EAREF R A e, SR, ENAREEA LRAESY. RifE LR A
o AW K H HEE R )L A SRR AS Al R R TR R A R, B —
X5 DA 5 S AN o G 2. 1T 2 4 W) 2 98 S AN TR A el BE %) 7 A 5 22 A~ AT

@ A. Aspect, Nature 446 (2007) 866.

@ V. Vedrel. Nature 453 (2008) 1004,

@ C. Monroe. D. M. Meekhof. B. E. King. D. J. Wineland, Science 272 (1996) 1131.
@ T. Pranmanik. et al. . Phys. Lett. A374 (2010) 1121.

@ A. Mair. A. Vaziri. G. Weith& A, Zeilinger, Nature 412 (2001) 313 .

@ 1. Y. Zeng. Y. A. Lei, S. Y. Pei & X, C. Zeng. arXiv: 1306. 3325(2013).
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I P e — 2 XF 5) B e B 2 Bl A G EK. FrbA . B P S5 A M EE LR
NZA—ER LR, HER, —ESWRLHAHEKER.
—ANZAMELZRTFEREMNEFE, TEMH -4 5 o] Wl &5 2%
(CSCON Ry LRI ARAE B K 5E 2 ES, 11— 2 % S nl W & 5000 2 ] LAk [ i
EM. FESEEE b YT EAT 4158 & nD 0 i A . DL oS R e R R i —
NEFE. —4IX 5 al Wi &t 58 4 A SR AE A . JK TR £ 89 Hilbert 25 i)
() — 2 78 B kKRR BAE Al — A~ 4 7 25 80 T LA R 3X — 4 98 46 6 0K e IF
WA VA, O BBAER Z B —4 CSCO. HAERAESIEH AL A,
FFE, ¥ (Bi. By, +) MUK RW S —4 CSCO, H M 6] AAE & mﬁlB“
BYy,eh, BEXMGREM C=C". HEMILE RN C,=i[B,. A, JH UM R

(A VA, o) AT ATT — A4S AT 55 (B, W By o oo W4T ] — A 0 LI 2 (4 % 5 6 &R
HAMERXFEML. A, 5 B, L?%E%Kﬁﬂmf@é%fﬁfuﬂﬁ%%-
AAAB; > %[([A‘,.B_,,.]H = i [C,sl (6)

THRIZE, £ CSCOA, A, -1 4Ax Hﬁ,itln]ﬁiﬁ*\T. 18 1 X )
25 AT IR L (B, o By o -+ B 6 )0 4 (2 (] 09 SCBK. AR 45 11— 44l 25 1% 4 48 )
. DEHRAEEND, 3.4.3 7]

(a) WHME CHE—1Ti(=1.2.-), BEVLH-DHEBELEC, KN o, [
m~ﬁiMMEmzfﬁﬁﬂ2~>-$%ﬁﬁﬂ

(b) X FRA Y =1A1 AL} (QICIPRTES R 0.

WA LA KR, MAERFE Y =1A1,AL, ) ETF. B,
By oo ) BEATSE A M A o B T AR R B DG EK A LR ) . B (g =[A .
Ay ) (B, By o) I 2 45 5.

MBEBAH KM iR, & HunTmE W AS BE K8 BF AT e T A
(AL AL e B . SRR . (B, SPLOELE B

ﬂu%m.tﬁﬁ?%§Mﬂ%ﬂ%%mm,xk% fELSH LA MM
b, S E ANHME N — e W A g R AT RE (B WA 3.1 7).

(R) EFHFERST XA EHHA

ELEEFIBEEA — A BHEZFR, Amelino-Camelia® 8 X . 17 BE 5 A4
Wt 20 a2 P B B D A BEe . T CHR X S - A ai s i e, E
O 42 ] — 6 LA 5 RGO T 2 ) T — 1 20 .

@ . A. M. Diracs The Principles of Quantum Mechanics. 4", ed, 1958. Oxford University
Press. sgULAH 4. 3.4 15,
@ G. Amelino-Camelia. Nature 408 (2000) 661; 448 (2007) 257.
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f. X AN BRI R A A Y o ARERAE 25 Y AS (AT SRR A Rl R A
PR RSN, BT 12 B e B T ROU T B DL R — g AR Y — SR R
BB, 1T AT S B U] T ) S R SRR IR T R A A
A, AT T MR Ay — A~ R B, T L i R 8 2 o € 1) o R v ] B A /L
(1 4 £ 2 LA

Ty g MR R OCE . N, Gisin® iRiE . “EBRR FY S p, 2902
WAK), mizsERELCERY, 2P0EEFFERRPR2M. SEIFEALHE—1
oo B, TR ROR S R FRIC A L I B S . AR A RS, A ) - A 2
AR, RA AR R BOCHER.

W K2 g AR R B e BX A T W T A/E . B 42 K& Schrodinger M8 (steer-
ing) ¥ LA RAE BB (information causality) @, $#5 J& — Fp B 09 12 1 AE & 5
WX, e Talg SRz, 78 E RS — A JE, EX TRt
TFE IS B ARSI T —ABRE. HBIR%# 5 J. Oppenheim &. S. Wehner®
{49 AS Affy s 1 DA A e B A VD 6 R Y AR, iR B

“HT A SRR Heisenberg AN E MR S Einstein #RZ A
CEAREEEER R AR R 24, X P EEA R B A AR
ROME S, AT, MELESH, FERMRALE & EFAFENEREY
THEBEAHESFREMRS. FL L. X THAaYHEIS. AohErES Ak R
MR R AR AF AR, AR M AR TS P A HE R R (degree of non-locality)
PGS TR R P . AN P D B Y g B R Y D BE L R DRE AR b s
ik By A, WS A ] LUTE O > b B A i OR

EARAT A~ B RB IS —FE . BT R AR e T8, i H
P, MNERM A ERAERS LKA XS RS, C
Teche® i .

“The paradoxes of the past are about to the technology of the [uture.”

B, LR 20 Z4Ed, BT EBEISMEAR. TS THE, g0KHME
FRHEGEAA 7K R R R

fE 20 L B 25 s 2 B P. Davis Hil"

“The 19" century was known the machine age . the twentieth cen-
tury will go do down in history as the information age. 1 believe that

the twenty-first century will be the quantum age.”

@ N. Gisin. Science 326 (2009) 1357,

@& N. Brunner. Science 326 (2010) 842, A Ao SCiik.

& M. Pantowski. ¢ al. . Nature 466 (2003) 11015 S. Popescud. . Rohrlich. Foundations of Phys-
ics24 (1994) 379.

@ J. Oppenheim &S, Wehner. Science 330 (2010) 1072,



e, AAFRFAFEF L, A8 21 O RAEY FMEFRRA. FEFHIh,
X PRI AR A — L R (R R SR SRR AR R E AR A, B
R, WMRBAEYHE BN, Flan, oy, BB, X SRS R IR S5
AR BUARA Y R = 1 2 e LA R A W B2 P S0 00 2 A AR R IR A, H
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L et FigiEd 100 F4EZ PR, D. Kleppner & R. Jackiw 5@,

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

the history of science.”

LR OGBS i R AL, T T R A S R B (i
Sk M SR SR R, TSN R AN B R, AR E G
Z5) HAMTAHAEFHEE™ B, AMEZERARAMERE. £ N. Bohr
Pt i

“Anyone who is not shocked by quantum theory has not understood it. ”
MR H A S R AR R, — HAERFSEMPR. MRS ek D
1E & %1 EPR (Einstein-Podolsky-Rosen) £ @M1 Schrodinger M S B OB A
fra) f

AT EPR M4, M. A. Rowe % (20017 ff 7 an'F %3k

“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. ’

R —Bemb ), 4t — EAF B OV i e s Bt . E0

“Starting in 1965, Bell and others constructed mathematical inequalities

whereby experiments tests could distinguish between quantum mecha-

(=)

D. Kleppner and R. Jackiw. Science289(2000)893.
A. Einstein, B. Podolsky. and N. Rosen, Phys. Rev. 47(1935)777.
E. Schrodinger, Naturwissenschaften23(1935)807-812, 823-828, 844-849; 3¢ M., Quantum
Theory and Measurement, ed. J. A. Wheeler and W. H. Zurek (Princeton University Press, NJ. 1983),
p. 152~167.

@ A. J. Leggett, Science307(2005)871.

@ M. A. Rowe, et al. , Nature409(2001)791.
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nics and local realistic theories. Many experiments have since been done

that are consistent with quantum mechanics and inconsistent with local

realism. ”

Bell A%V B8 (9 R B S 7E1R (local realism) 454k S 2% 9 F Ji /2 4¢
THER. Bell RS20 2 & F AR BHEM 28 (ABERE) Mo lim.
Greenberger. Horne &. Zeilinger X Bell i TAEM 749, 158 7 N (=
3) WA E (GHZ &) . AB AL 1 Jy 5 X 5 26 ] 0 5t 69 6 1) i 30
(perfect prediction) %4345 5E WS 76 8 & 7 G H’J‘;”‘. J&i oK W 52 56 0 28 R 5
TR e —3 WS EME ISR TG, A, Zeilinger 722 &1 F it it
100 JE4E B 3 O 5 i |

“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 i BAFE —SCH N 7 —ABEM] . BI “HE 7 Sy of xS W R R
W27 X R e MG IR R R DR, AT Y227 (classicaD
L MW" (macroscopic) FE[RIE R ] kK. f /}:HJ'J'%}%&{LF—F- C FH 4
il £ 18 O L HE Ak WL BE (9 Schrodinger “Ai AP, H. D. Zeh Ml W. H.
Zurek P B IR M T (decoherence) W o5 3F il i £l 08 1 B¢ 30 22 00 1 B A9 i
0 (LR (D57 N A

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

Schrodinger equation

ih % l¢) =H ¢

D S. ]. Bell. Physies 1€1964) 195,
J. F. Clauser. M. A. Horne. A. Shimony and R. A. Holt. Phys. Rev. Lett. 2301969)880.

@ D. M. Greenberger. M. A. Horne. A. Shimony. and A. Zeilinger. Am. ]J. Phys. 58 (1990)
1131,

@ N. D. Mermin. Phys. Today, June., 1990, p. 9~11.

3 ). W, Pan, D. Bouwmeester. M. Daniell. H. Weinfurter and A. Zeilinger. Nature 403(2000)515.

@  A. Zeilinger. Nature 408(2000)639,
@ C. Monroe, ¢t al. . Science 272(1996)1131.
@ C. H. Van der Wal. et al. + Science 290(2001)773.,

@  H. D. Zeh. Found. Phys. 101970069, W. H. Zurek. Phys. Rev. D24(1981)1516: D26(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. Zch. Decoherence and Ap

pearance of A Classical World in Quantun Theory . Springer. Berlin, 1996.
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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. ”
() BF L] S L pR TS A B 2 O A S mT ke G b T TR PR AR A ELAE A . DT S 3
PR BN, B MO0, A ATRENLIN B 2 WM &M, X, G.J.
Myatt 5T,

“The theory of mechanics applies to closed system. In such ideal situa-
tions, a single atom can. [or 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. ”

T )RR ARG R B 6 . R, Blatt (2000) FIBIE,

“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. ”
i C. Tesche Ik K7,

“The paradoxes of the past are about to the technology of the future.’
MTFER, X DRBI e, SRR, Bl FEER i+
HE, rmfed, RTER, BrMEY, R rETRS, EFMKRL

AR AT AR QNI T I AR 2 A AR A R R RE AR A R B, 19 i
LAY EREW LR RERES. B8 KigSm TAERIE 7 —]
Blaf o © 0 R A0 TR AT 92 B BT B U P B B, (H 1 ) A O A A 0 L
W IR A WA RE A AT 3 — AR H AR AR B AR id 4E
Feynman B9 41 2 i .

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

1]

may fail, since it has certain difficulties with philosophical prejudices
that we have about measurement and observation. ”
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@ G. ]J. Myatt. et al. Nature 403(2000)269,
@ R. Blatt, Nature 404(2000)231.

@ C. Tesches Seience 290(2001)720.

I G. Amelino-Camelia. Nature 408(2000)661.
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@ M. Tegmark and J. A. Wheeler, Scientific American 284(2001)68.
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