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Abstract The establishment of quantum mechanics not only laid the foundation of con-
temporary science, but also has achieved amazing successes in the promotion of contemporary
technological revolution. However, for the interpretation of quantum mechanics—understanding
how wave functions describe the microscopic world, there is no consensus so far. This dilemma
faced by quantum mechanics not only leads to some misinterpretation in epistemology, but also
there are many problems with quantum technology based on the controversial Copenhagen inter-
pretation.

The Copenhagen interpretation of quantum mechanics appears also in the dilemma structure:
the microscopic world is described by quantum mechanics, which is unitary, but its observation or
measurement depends on the classical world outside the quantum system (instrument, observer,
environment), and the wave packet collapse implied is non-unitary. To this end, some well-known

scholars, including Einstein, Schrodinger and Weinberg, made sharp criticisms on the Copenhagen
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interpretation. As 80 years have passed, in order to overcome dualism predicament in the Copenha-

gen interpretation of quantum mechanics, people put forward a variety of interpretations for quantum

mechanics, including many world interpretation, quantum decoherence interpretation, consistent

history, quantum Darwinism, etc. This review will briefly introduce and comment on the basic ideas

of these quantum mechanics interpretations, the logical relationship between them and the possibility

of their experimental tests. By further clarifying the basic concepts in the interpretation of quantum

mechanics, we hope to avoid the epistemological problems caused by the abuse of the quantum

conception and quantum technology development going astray.
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THEMLARIT.

R R T BRI AR R A . 1T
ST, FEVRTE EVER A MR, T
FH T BHER BRI F) AL xR, ik
FIEZE AT, e BRI X A IR A7 TE , (At
HRTER, (AT (o] D B3 A P BLIh R (L
BT, X R AL T OUE T (T
M, Glhn, FEMIE: B TER R B —% Rkl
S Rt EUR = | R T LN AT ok o I e
RO L TR A AR G e, ST, R
RGBS 2 R M TR SRR R R
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Boxl: “HHRHR" KRR E)E

BAVEIRENEE OB (L% DMBEZRLS, =%
FAR B VE S 3R SRl AL B — A BRAT TR 2 Ay T 57 i R
F2U 2 5 -

\¢>=;C3\S, dg, Oy) . (B-1)
FEE—%
S, ds, O5)=[S)X|d,)®|0s)  (B-2)
Hi, S) RAGIIEEIESR, {d)} F1{0s) 5 Bk
5RGIESR|S) HIX P B RWEZNEER, HT
FisAE L, —BISULT |Os) FTEAR R R GTRIL 5 LASMb:
RETASY, WAEWE AT, W AR
BV IERH,

BT O ZM, MEHi 7R GUER, &
(005) =05 ™, P IER, REFLE 2
A MR,

oo =Tr(lXol) = XIC[IS, diXS, dyf . (B-3)
e, AR S SRR, (di|ds)=0, , M pg, £&
Fe—FPRARR L MOEIE X, AR N R R Gk
W R A, |S)RBCHUARIES, AS)=adS), N AL
AAEBAEIEZM, AL 3O 2235 2 ] o JHE s AR (1
2P

Poo=Tr(|o)0l) = XIC[lds, Os)ds, O (B-4)

N

XKW, WEFEOEMNED Lkl TS, HAFakiL
2H|Cf .

DL boy b, Mgt O FLEE DI A4 ST
KDy A, BRI SR = A TR S B 21 g8
Aoy & —AGHZRIZ, B {dq)} #n {|Os)} P TER
8, X, MEHMALZAMETR—A R BRI
B2 RIS,

4 BETFIRBTERER

TRt 2R AR TSR B bRz — & Sl ot
I ‘BB, A AR ETENY
A RIE AT, REKAE, &k
FAEHIML AR, AR Sehr 1 ] AL i 5 7
Ty ALK HE A RE P e o 15 B 22 1 R 1B 3l 2
Fi. RTWMAER, B, W1 . kT
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po=Tro)e) = ZUCifls, 0.)S. 0 ®)
PRI BATELM R T A, X ELAT B 2R AL 5 2
WA RRIFPREEE , AR EEE B BRI RILE R
BUEFAMB B L AR S [ds) ARRIEZ R, W |dy)
AILAHIESSHE [D)(B|Ds) = dy| Dy)) JRIF -
\szZCS'\DS,). (B-6)
K, C7=(Ds|d;) . XMt

pDU=Z|C5|Z‘C5SﬁD:v Os><Ds’ OS‘J"
N

22|CS|2|CS"’|Z‘DM, OsXD,, Of+--.

S m#s

XERWS) PRI EE G —ERLRER T B4
XA FENER—XE(D,), WEHT “4
27 I, SERIEEAEMNIE(|e) ZEANGHZ &), WK
TTHRIAE 53 5
T8 wT UL BUIE 72 56 W 50 4y B8 AN Al WL EEHY
ettt S e A
le)=C|S,, d,, 0)+C)S,, d,, O,)+
Cs‘Ss, ds, 03> .
410,)=0,), MEEEH OARRER Sy (S,) F|S,) , HELEEF
THRSH, &
‘¢>=(CI‘S1’ d,)+CJS,, d2>)‘01>+
CS‘S“ ds, 03> ,
REEULH OFRRMF 2, HATCARERX S (S,) Fi
|S,) o XM,
p5D=‘C1|2‘S1, d XS, d1‘+|C2|2‘S2’ d,)(S,, do|+
C/C)S,, d)XS,, d+hc.+|Cif|S,, d,)XS, d,
R FAIRAIAT AL TR B (L TN R G Z [ A RETE AR 47
2 MOk,

(B-7)

(B-8)

(B-9)

(B-10)

(FEFAR)TI 2 ColX FERI Ry T, Kl EEZ R
TERTRRERRL, FAEKPR AR Tz R
L, dn STM(d3 46 B% 8 2. 88) . BLAERY IR —
e, BREk, AN BilEL, Al kA
S BRIE Y B LLTE T A e, Al
A MBHEER, XA rREry, FAZHY
R R, YIRBEHKE, S/ Ttk
FIREE, A AlRERo s s AR T30

IR IR - A Y 2 AR R BLAY - R 3 (Erich
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4 G RAHTEIR O E MR R - BE(A I, http://www.
ijqf.org/members-2/dieter/)FiI{th 27 A 152 LA - AR (O 1&])

Joos)(El Y B — A H THEINEZ: —4
MR L EFNINEIRSEAN AR, B RS
PIEAARREAR /DN, 52 A ERRE e R B s e mT LA
2, HEh A LAE R Z Wk isshiE B,
NS MR TE R 2008, kAR R T,
SR, IREERIIE A Y FERGARIEREFSTIA
BEYLAIAEX AR, P& RERT T L. F
b, ARPG@EE)EZ BT EINANFET .

o IRA T ERE B £ 5 R B 22 4 B
M, —AS R R BT R & TR
ok, ®FIREAHEE T E—a TR
BT NGECIE SR T RRE ), B AT e
BLIE R T EORRERE . AR R - B R R
FAT BOHE I A —Or UEUT b Y S AN REAE S
IR TIY ERFE, GRS 2 R A
RERIIHEDE, 4 70 4 AX AN B TR gy Hl
KAGMEZA, JLPR TR - B 5 R 1%
ARPO AR, 5k, BAATHEISHER 1980 4%
A, IR MR R TR AMA. i
()25 IR s A R Rl P B SR TR, R 7T )
TR AL T B B

EETTEMTFHEBS, LEDSE
l0s)=D.C.In) ARG SRAE W |E) LHIFREE %
ERESR R B RE R AH ELAE L, (675 et 28
REAEH

lp)) =U@)(jps) D|E)) = .C|n) D|E,®). (9)
XHE,W0)=U,0|E) , i U,=exp(-iH,t) 2k
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FHEAER V= |n)(n|® H, }i 45 W4 % & H,
JeE RN, X, RV B AR
ps(0)=Tr,(jp))(p()]) =
DU C[ln)(n|+ ;C,’ZCW\an\ xF, (0’

— AR I, ok F, =(E|E,) FRABAE
FHF. M F,,=0, WEAEMATIHEL, B
ps®)=Y|C.[|n)n| . (11)
X, AR ARG R TENETHTENE o)
R TR ATV BEAERE, BT NEF
BINAF LM LR LS, XY T 528 0]
H T4 SLIHHE (Box2),
EAVOBEFRUE S, BI{E 2 WA 0k 5 00 A 52
Al , NEE M ESROEE A B ENEA
W TIEBA T, FrBlE YA & HIRZ R T

N

Ak, WATREA R FemER|E) =]

=

(10)

) .
en > K b

BB TR F, = <E(,]E,>=ﬁ<egﬁ eff>> B Es

(el]e”) Fou0, A%

W b TEEEEMESE, AFE 8T 5
ET RO A B EERIRE, SRR ALY
B

i) =5 () O [14) ) © 1) - 0
WSt 2 SRt ST [ )i 46 P A

N

T Fo=TJ(d) . BER, EWIHT-HIIE

j=1

bbF Fooy, FEZMARRT, N—oowo, F, =0, M
(1T 272 A= PN

St & Rz br A B 22 Wk -, Sl AR - PR
fth 52 A R LAY - SR T2 1985 ARAT it i3 T
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R — ) R G LI RS
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Hor R AL T

2
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Box2: EFTHEEFERMAF

AT HERTHTRGEH R T TS 2ZAMER,
BMELFRE R (p()=(xlp), 0,00=(x|n)} o5 T
p)=Y|C,[lo.)f + Zc;anma)so;(x)son(x) ., (B-1D)

H i pw=Y|C[le.of 1% % 58 & A7 B,
ZC C,F,, (00, (x)p,(x) REMT 4L, 4 F,0=0 4T
2B,

FAMIIW 4 5208 W] Lt — P R i X — 5.
*%iﬁﬁ%fﬁ’]ﬁlﬂ%ﬂiééﬂﬁ%& S B+,

S W b () 4% 9 i 60 % [0)(|L)) H A A % R b
gau(x)=<x|0>oc c"‘((pd(x)=<x|l>0c e A)) , Hrha=1-1,
A EREZET. TR, |e)oc|0)+[1) 4 2 b B ARG .

p(x) o< <4Eﬁ-WA‘ (B-12)

2 (E|E)=1, W p(x)o cosdk , &0 p(x)=H%,
FIHLKLL,

22 BRI, MRS R — EEE 1A T b U

®1 Bk R T

Jat e FACm ™) | 10 emRIR | 10 emR#R | 10 *em K431
FH T AR 10° 10°° 107"
300 KJEF 10" 10" 10°
HIERF M DG 10* 107 10"
ER5rF 10% 10* 10°
S HLAS (10° Uk /cm®) 107 10” 107

O o T VI T E iR SRl L R 115112
B2, NER R R GAE I i 150 B 2%
MiEsh, A5 A5 A IS RN A iz 2 i
N, BIZEAFEEFE RGBS, HAK
fefg s, BT XFRHREXIRE, EkEAz
BN R AE Xz s R R 2 g8, s
ABGIRE T — PP MRS, AR g E Rk
B A ORI T, ERsdhmaskt
BETRMT, et A TET,
BMEaL & B, dEEisMmBMETEa —4
WEL IR A, Xt e p . —HBE A Bk
T, HAEE R AR B TP, Bl

439 - 4635 (2017 47) 8 1)
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WE RGN ZE), BldERGEUMTIA THEUAINE
HLAE f2 A0, R & |00)=|0)+[1) , # MW J5 2 H
lp")=10)+e™|1) , EIHEERLL

p={lo"Xo'l)=I0X 0| +1)(1| + )1 ) + .
Hh, BEYLAEGL AO & F 23 A0 AL R 1 e [ 3 1
(*V=(E|E) REL, HEBTTE, FHALIHI,
ABAET R A=,

(B-13)

RO E RESNEE BEN RS,
AR E TS AN BB A T . XA R BB
W, “Hsz” (A NEERIRE, (h282% 0
FAERY . XAERY “Hse” 22— 20k, A
K BT MEZMET AT BINEAT, W
TADERY, WEAEES “FET RZEHA |
FER RIS, ERRMHT IR

uL%‘ﬁTuEEEKEwﬁHM“E
BT AL BTN, RS &Z RGN A
MR B R R (R B R AR IR AL, Kk

A,ﬂ%% RAER Z A BARIAERI
@ﬂl AREE MR EIR, (LB ARE
%5?%5%%% PRAEIRG IR A N R
BEWWE, REEERHET, LR HENE
PRI e 2 A i A BB AR ZokE ok A ok P
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WO . SEARINPHERYE AR, A 25 )
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b BRI R L.
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FH K 7@ (Wojciech Zurek, 474 2006 4E4552)

&5

198147, L3 o (Pl S RF/R - EAO -8
AR B L PR - R 2 R TR,
SRR B ARG S 5 IR 3% DRI (R = A 4
WA —Fhzh D it B (R R 2R
B, Gl SHBEER, REHUBRIE &
RYlE— SR T A%
2L D) B|E)—

, (15)
Y.Cn)y®@|D,)R|E,)=|p0))
I E A ZSR L5 RS Ty
s an , D, , D,
pso=2|C.[|n, D,)n \+‘ 06

Y.c.cCiln, D,)m, D,F,,
BAE, FEAER PR RS A n) 5{EEE|D,)
(R T-2098, FRARAiRESRPER et L HHR A
F W 7 F,=(E|E)—>0 B, py—YIC[
in, D,)n, D,|, BRITIRHIZICEEREEAE T
FleAt LA ML B, g KR,
R TR JLZE A 30%, A Sl JLERT0%, &
—Fh R MBEHLI R, A TR AT, W
HRE AR XA AT R R I R, i e 4 Dk
BLERGE
ORI, M TR, RAH
T PR 44 75 RE 5 fiR PR 48 £ 45 (pointer state) AT A=
(emergence), X /MHEE 5 % A ELTE AR AR
A5, i LRTR, FREEVE B+
AL S AT IR AR T, 1 B R R e £
TERIAERT A TC AR A [ (1) A A A8 i A A
IR IR ) =SS0 ), MR
T |n")(m!| WO AFAE . I AR T3 i S A s
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2GR T AR R IR, X kA T I Y
(i 2 S 1)

FEBEAS T (R GE LR+ AN IR 58) H (7] 73
feid ke, B IER T 8 mASE B— AR B
INEE R AR 2, AR 2 v B — TR AR A A A
AR RGAT B A& r R 8. X, A5
WX RGEEmME, UEHESEE—THHE, A5
P e 40 f e 1 5 T — A e A E W (PR A
eniselection), BEFE [XFERFETRR . IBAHTH
I A A &R LR, elREn
B, BERAMIERZE, RENET SN
BN TR BRI MR, LS, 48
B 1F F -t 55 0 e B DR 15— b ofi TR - fRL R B
R, HEREAMASNERE AT ER R
B . X AR B TUA — A2 Ry
e PARHE AR Tk R AUE L, HAME
—PE AR AE T B VR BE— 2 th 8 3 B R 52 AR
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MEierh, MiZESARER LR, 1hA
55 15 SR IR RIS AL 7= A AR SR R B, S
SEARMAYE IR R, (B, X R s
) O B[R] A (B AR X A BRI S5 R 5 (R TR0 25
USRI AR ERER

5 BFEARE. BFRRIMEHS
R —

R AT B SR AT AE AL 5 R AT 1R
T, EXTEATEmE, RERSEERAR
MH), FHEAREMGLE R, mREGH—HA
e 751 R, BARSRm, {510
A B SRS, A An T B RS R A
WD A EREGE HRIAT . Anfalfiiid B4~ T i fE L Lo |
IERTRIEE? B, 24 TR &1 5 dH i
AR, BATHIRATE 2 — A~ St ) 1
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A, ATk HLAERT (Robert Griffiths) 1K A 37 (Ro-
land Omnes)%E A2 H B & 15 S A (consistent his-
tory approach), M4 /R (James B. Hartle)f1 35 /R &
BENKJE T IRAT D & ek,
B EE D R e RS B AE (B 6) 4
1983 4 ok, 52 AR, &1 L%
HE T iRt S I s Bt &, BRI
“Pos” A MR AR B O EE LTS, an
7, FATH— AR I 2 R B R P41
H=P,QP,OP,@@P,  (I7)
Sk R AR A E I REA R s, P,
RELE B EAMES B, AFEPGE,
FH2Y T 2 i SRR R 4 B AR 5y 3.
%, EESRE-NHENES, ARG EZH
ATWRRL, B—TEMEEA a7, ARE
ENXZLE, A TRATEH S MAEE, # H AR
AR B BT R RS W T BiA &M
Tr(H pH,)=0(j#1) , ¥ p RE RGN M
B R XA SR o B AR A I I B B RR A A
BRI, *ME—HAaEmnE, LR T—4
2o MRS E . Pr()j)=Tr(H pH,) . WRACL—
A~ P 524 B 22 SIS R SR IR R B TR A
— A3, HIG T BRI DAL A £ th 5 BRI Y
FF e kR, EXANELT, ZHARLERK
AT —FH S FOEERI T, $Z3EE N
MEL T BE A R AN TR /R 2 LR, BAR S
HAE A, (HARTLAR IR ZAFIREDT L 4.,
VAR E SR A6, FEREIRAK
o B m Lk R RATREN &E G —14
It %02 B O BB RO AR AR, ASTa] B 2
MR T R GHIRE ()RR DD 58 A ] B ]

iy BB 5 B A, = [T Hde s
ik, Sk

no=TI"o)="o| . (18)
R R Y W R RO T A S
H(i=0, 1, -, T) 4k TR TR, Al H
AREAR LT RS RN A A,
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E6 [0 RN 8150 4% B4R (Robert Griffiths,
£ B 2005 4R 45 52)

7] 7 Sk

A 4

H=P® P ® P ® " ® P

B7 A{EGERESZ A ISR, AR —
A, L ERT

TAVHE, M TEEEMNE, Mk Rozshi
ARLERERE H,, 220 Bk, I IEITR T Rl
e w2, Bl —HARMNEE, KR
LM LR, BATER, O R A
TR TRARFA, A T UAWHE M AL B B & D
$. Bk, BEH LR RERAAPRFRA R Fa iR
T 0 ek,

WS RERFA SR /R 2 S N B, A I g 5
FRAlR DUy ik . B -5 DT
%, RRMAFRARAM T B & Fek: F
A RS BRI R TR R 2
A AT, LA DL B A R T 45—
AFIRERER IR, sk b, HEfIBEA = h kA
HIE M ER IR R, MR T — 2 2Rkt
5 ¥ (completely fine-grained history), As[E)4E Rt
95 S Z A AH BT 0, ANRE T 7 A 28 B RE
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AL S e S Y U] [R]R, [i]— A 1

B, AARAERIAELEE, T
Wh—A, AMSEEE RT. RT
HRas . AR AR TRk /RS0

MR BRI AR, R RXE
SNy, SRR R R GE A ]

7 X2 m g  Z MRS

B8 Rt SER SRR FRAT . WBE S HIE R AR R

FMUSER, B, HTFHNERIEEH e

AR BRI BT SR AR, L RE F T (L A L (G diid
T (40 UL - A9 B 30 8 A0 AR AR % kL -
BaE)), AR bR KRR D T4 2
FHL KL At (coarse-grained) fffi il . HHL L2 N YA AL TG
FLRTUABR IS & SRR e 15 s 2 TRl AR T, AT
s 5 RELRL A Y T3 S T8 BT T 2B AH F 1Y 15 82 (deco-
herence history), i i iX F 18 AH T 5 & U4 ik
JE] Bt sl hEI L Mms | hMAeA T AR
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BATBERT DB “BEEisii” RERft 2z
AT ek, ik W 1EA— 20k
R mA S E A B R AR, Bk
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B, el s T 5T RRLE
e, RET BT B HFEAE S
. AR HBRERo A XE T, WAHE
AR Z e TR, X S 1 A AF R A AR
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FHIHE A — X B, BUAETRATIAS O AR
N7 B RFRE T, RO B
OBCHE HAh 20 E B, EAFE 20 E HER
B O R SR A TERV SR, TEAAR
Jy T IR ORIE L FERRLRL I . T A
X2, BT SR RE LS S
B Z AT M, INTAE T EEE A, aniE 8
Fior, MBS SE, HRE P AN
BT, AT RS AR, i S8
THIRAHTRI I8,

ANERAT O B AAF, B EAE, (758K
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BUER), RAIBLEEIR S RE R e
(robust) PRHF AL B A 2 oW AR GERY
EJRE. RAAPEEAE BT iR AT T oA Ay SR A 2
AT, FAERRRTABARER, mi
BT ELSMIEF LM BEE R REANIEL, X—x
R Z IR . fER TR /RO IR R,
RS R VE A H U — A7 AR 3 B B 3R
&, EARR LSRR GEEIUR ERIL K
ar AIOLIER . anFHAEIR G BLA T 748, 2
HAp— gL ABRIE R R GEE R, HAbry
WU FH o Bt A e e BIHH R 95 B . 2n 2R AN [
oy #ficsTe THHEAYZRPE , WX A2 — AN RO0 &
SR, AlfEL M RILIZRPE, AR
JEMEA O

MIXAE S EBE, XFER WIS S R AR
A, BARFWUAEAMEER, HALUCREER,
BARZ U GRIDE -2 mARE—HH
ARXF A IUH AT AR AR T AR R, (2%
LR Rk A P IR A df 2 R . AnSRAEIREL 45 Bk
TR, SEARRIREE, WA RS
B2 TAHRIATAEE SR . BATTLAPIA I
ATEAG], BEHEFS/RCRE, BE—1 &
GERH A HLEEE (O F ORI HES I e B rT LA 'S

=1
v)=—(1N ®0) ©[0:) +

1 ®[01)®|0:))
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T FAE BRTCARE. 5%, AR
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B IR A R e B, (HRE & T 158
TUARHIEK,

6 L5RIE

Ty i PR AR W AR 1A B T TR Y 3% i IR B
WS, R AR T &M& R T L%
R, IWASCHRATDE D, B0 B
AW bk A TRME L, wEEBEEREH. |
BgtaoREwr 2t Rier, 2HHAHEIRE
R AR, 2R, ek R
ke BIE D B Bdis “— A, 24
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BANERR, BT A SFHE A IE
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WA R AN AR B IE Wi R Hh S, 1 2 i
L1 2 I NP A T e o= DRSS eb el (o) o i =
S5, R R ECE B A IBRYARTE, 1R
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RIVECE TR, BTS2 iR
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BT R R, SRR E] AR RA T
R AR WL TR AR N AW E R
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Features

C-WAVE opens the door to generating laser-based light
across a wide spectral range, going beyond the coverage of
diode, dye or Ti:Sa lasers. If wide spectral coverage and easy
wavelength selection are your primary needs, C-WAVE basic
may be your source of choice. Simply set the required
wavelength via the GUI or programmable interface.

Depending on the required output power level, C-WAVE basic
is either pumped by an external single-frequency laser or
comes with an integrated laser, making operation and
application even easier for you.

You need some special wavelengths for a particular application?
Please inquire us for your individual solution!

Applications

* Raman spectroscopy

* Microscopy

* Biophotonics

* Spectroscopy of solids or liquids

» Characterization of optical components,

meta materials, ...
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Specifications

HUBNER

visible @ IR®

Wavelength range

Wavelength selection

Accuracy of wavelength

setting

* internal

- with external wave-
length measurement

Power
- with 1.5 W pump laser
* with 5 W pump laser

Amplitude noise
Beam polarization
Beam profile
Beam radius (1/e?)
Divergence
Linewidth

450 -650 nm® | 900 - 1300 nm®
+1nm +2nm
computer controlled
+1nm +2nm
<20 GHz?
> 80 mW > 200 mW
> 200 mW > 400 mW
<5%° <1%9
> 1000:1
TEM,,, M2 < 1.29
0.5 mm?® 0.2 mm®
0.5 mrad® 2 mrad®
< 100 MHz

2 not specified at 525 - 540 (+2) nm; range depending on selected wavelength modules
 not specified at 1050 - 1080 (+4) nm; range depending on selected wavelength modules

< typical value

9 not specified at 450 - 480 nm and 900 - 960 nm
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