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SERMHE : NAEURILIDITH AZ(EEIEITS)

NAEUAILY DI R : QP—PQ=nh/(2mi) (FIEQLESh
EPILIFAT#

FHEEMRE NESEFEZRIFFICAELTROAHIEEF
TEFLY. (FERTHLTE D M RIERR)

ERERBERER LB EH = ZRIFFITIRETEGFL.
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e 1927 & : Heisenberg DAHETE M RIE
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P > T e .!\ g = I~
R A7 e
22T, Q) =HBNEOTHNIEE , n(P) = EMBOTIINEL, .

o B THYVIRBEMRDBERR) IKEDOWT IFEEMHFRE) 2EAL, %
NHRIBERDIFETH S I 2RI HFREIRZR AL,

W. Heisenberg, Z. Phys. 43,172 (1927).
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1960 MEED L—F—DFER-—= FIFHRLMT D I g
FEEAIERA, @ EHEEREHER
[EFRTHER OBE=FEHMLOEHE
[EFRHEER] OLEEL
1984%F TEFA VR MILA Y ] OEFER

- M. Ozawa, “Quantum measuring processes of continuous observables,” J.
Math. Phys. 25, 79-87 (1984).
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Beating the quantum limits (cont’d)

Heisenberg’s Uncertainty Principle is for many an irksome constraint on the freedom to make measure-
ments accurately. Can the constraint be overturned?

Ozawa'’s calculation will undoubtedly lift the spirits of those
involved with the design of gravitational wave detectors; it
will be Interesting to see where this leads.

ascendant. But now Masanao Ozawa of
Nagoya University has put a cat among
the ptgeons by specifying a quantum sys-
tem in which, he says, it is possible to do
better than SQL (Phys. Rev. Lett. 54,

ventional position on the SQL. One of the
virtues of Ozawa’s case 1s that the quanti-
ties arising in his calculations are indeed
precisely detined and are related directly
to quantities that can be measured. On the

Naturally, Ozawa’s conclusion is that
such a state of affairs is indeed attainable.
The crux of his argument is the construc-
tion of a solvable model to represent the
interaction between the measuring equip-
ment and the free particle whose position
is to be measured, which has the virtue
that (regarded as a quantum mechanical
hamiltonian) it can be solved exactlyv. In

[J. Maddox, Nature 331 (1988), 559]
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h: 75 7%8 h=6.626068 x 10~34m2kg/s
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z MEASUREMENT 1:A : Gy
L{y ( 6A 5, =cos0 Gy+ sin ¢ a-y)

5 PREPARATION
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WiEA=o D7 ofl], (3) BEOWEB=0 v)[HAOFEN] Z@iET 5.
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/ 3 — universally valid expression
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-=-=- Heisenberg lower limit 7#/2
0k 0 g IR
o § 1 ¥ 3 o § 1 ¥ 3 m e e
Detuning Angle ¢ [rad] Detuning Angle ¢ [rad] 0.5
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[X] 4: The trade-off relation between the error and the disturbance.

0 L/ — actual Heisenberg product
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Neutrons revive Heisenberg's first take on cocs
o000
uncertainty oo

Jan 20, 2092 S compmenis

"This is certainly the first experiment to test Ozawa's formulation, so I think this should
draw more attention to Ozawa's formulation, and how it is universally valid unlike a naive
Heisenberg measurement-disturbance relation," said Howard Wiseman of Griffith
University in Australia.

http://physicsworld.com/cws/article/news/48378
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Femanen Address: httpliwww.scientificamerican.comiarticle cfm7id=common-interpretation.of -heisenbergs-uncertainty-principle-is-proven-faise

Common Interpretation of Heisenberg's Uncertainty
Principle Is Proved False

A new experiment shows that measuring a cuantum system does nol necessarily introduce uncertainty

By Geoll Brursfiel | Tuesday, Sepltember 11, 2012 | 18 comrants

BEEE NEWS

SCIENCE & ENVIRONMENT

7 September 2012 Last updated at 1624 GMT

Heisenberg uncertainty principle stressed in new test

By Jason Palmer
Science and technology reporter, BEC News

Pioneering experiments have cast doubt on a founding idea of the branch of physics called quantum mechanics.



~Sranffurter Allgemeine e

Quantenphysik

Der grofle Heisenberg irrte  gxu rEoRLoEmE-TL:
|

17.11.2012 - Werner Heisenberg wollte seine beriihmte Unbestimmtheitsbeziehung
auch in den Storungen wiedererkennen, die ein Messung verursacht. Diesen Schluss
haben kanadische Forscher widerlegt.

2003%F . B HEXRFED/NEEEIL. /N (ERIL
o e eenbens - OPMELTVVEEERR FBEM TRV ELE T,
e Tttt wnd Abaakhts s | INEAR-f-CEE. POV M Aephraim
SteinbergEi D DB FF (K> TERERMIHERS
nEL=,
bestimmen kann. Fiir die Popularitét dieses

Gesetzes hat vor allem eine ebenfalls von ;A;Z;ie;;eeiis::rbg:ige::grskzir\‘leertr;;:érfere'am" sind *E EL & Eﬁ. % ( j: . IJ \ 5% IE IE 7b§ E& J:'_.E L 1': Z: % Et E 5% 7‘:
Heisenberg stammende bildhafte Erlduterung
L/ TuLy -35 L/ T: o

Unscharfebeziehung in Einklang steht. Dass die Sachlage nicht so ganz einfach ist, wie

Von RAINER SCHARF

wohl bekannteste Gesetz der Quantenphysik.
Sie besagt vereinfacht, dass man nicht
gleichzeitig die Geschwindigkeit und den Ort

Deutschland

etwa eines Elektrons mit beliebiger Prézision

Heisenberg glaubte, vermutete im Jahr 2003 bereits Masanao Ozawa von der
Universitat Nagoya.

Was Ozawa vermutete, haben die Physiker um Aephraim Steinberg von der University

of Toronto jetzt experimentell bestatigt.

Unschirferelation hier anwenden. Doch das ist offensichtlich nicht der Fall. Vielmehr
erfiillten die gemittelte Storung und die Unschirfe der Messergebnisse jene
Ungleichung, die Masanao Ozawa aufgestellt hatte.
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00
BRIBFHR 7 b I 7ICET A HBRAE §:‘
V2 by =37 (%) J7-YES | d7-NO R
22 NY-YES 48.99 4.47 53.46
22V KkY-NO 17.67 28.86 46.53
&t 66.66 33.33 99.99
Jd7 =2V h > (%) | d7-YES | d7-NO 5
2> k>V-YES 56.25 2.55 58.80
2V KkY-NO 19.91 21.30 41.21
5 76.16 23.85 | 100.01
&R 3h R A7-YES | d7-NO | §
2> KNY-YES +7.26 -1.92 +5.34
7)Y KNY-NO +2.24 -7.56 -5.32
5 +9.50 -9.48 +0.02

3 1: EFEIERME (1997 £XKEX v T v THGRAE).

C/G: 7 VY NY/OAFPIBEETERTEDEEZ SN SD,
EE/hE: @ B C/G=- B G/C DIEF. TE : MEDE.

[D. W. Moore, Public Opin. Q. 66, 80 (2002)]
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- EZH (Q,P) LD A, BEWSZODOEEETHZHK T TAELT, A=a,
B =b EWSHERER/DHEER,
Pr{A =a,B =b||P} =) {P(w) | A(w) = a, B(w) = b}
EEEEIND. Pr{A=a,B=0b,A =c||P}bRAKICEEINS.

« ZhiF, ROBEEZRF->TWS,
1) (A-ABBRMY) a £ a B5F Pr{A =a,A = d||P} =0.
2) (A-B BRn#tt) Pr{A = a, B = b||P} = Pr{B = b, A = a|| P}.
(3) (A-B-ABRM) a # o' 851 E Pr{A =a,B =b,A = d'||P} =0.
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- BRAEEERCSBWVESHERDOAE LT, EFNFOFRENTIESHEETH
PHREHAEDRCHEEZERAT S EHEZSNE.

« Zhi3, A, BZzBEH®ETI, PZHUNY NMLICHIHESET,
Pr{A = a, B = b||P} = ||[E®(b)E"(a)P||?

EERSIND., IIEL, E4(a) 13175 A DEFIE o BT 2EEZEFMANDHE
TZRY.
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c BETH A BZEFYEBELEZIER, TOIREEEEEIT A, B Okt
IKinUT, ROEEZHD.

e A,BHOHEDED AB=BADEE, ChiFROUEZRFD.
1) (A-ABBRM) a # o BSEPr{A =a,A=d||P}=0.
2) (A-B BRFiE%) Pr{A = a, B = b||P} = Pr{B = b, A = a||P}.

DFD, HEFREESHERLAFICKD, FABEZERLBEVWOT, VUV kY-
dA7REBREHRATERL,



FERAIHEY & EFIREHES

« A, BHIER[IEDED AB A BADEE, ChiIRDMEEZIFD.
1) (A-ABBRMY) a # d 5 Pr{A =a,A =d'||P} =0.
2) (A-BEMIEFMR) Pr{A =a,B = b||P} # Pr{B = b, A = a||P}.
Zhid, 7 b2-O7EBREBHRYE ERHRZHBELTVWS,
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« Wang-Busemeyer (&, fRXEARDOBEDOAEEZEICHEL LBAEANEDETILT
IV hY-O7REBEOHEFZEHAL .

A Quantum Question Order Model Supported by
. . . . . o« e Topics in Cognitive Sciences 5 (2013) 689-710
Emplrlcal TeStS Of an A Pl’lOl’l and PI‘CCISe Predlctlon Copyright © 2013 Cognitive Science Society, Inc. All rights reserved.
ISSN:1756-8757 print/1756-8765 online

. DOI: 10.1111/tops.12040
Zheng Wang,” Jerome R. Busemeyerb

4School of Communication, Center for Cognitive and Brain Sciences, The Ohio State University
bDepartment of Psychological and Brain Sciences, Indiana University
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Fig. 1. A two-dimensional example of the quantum model of question order effects.
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Khrennikov (&, Wang-Busemeyer DEFETILTIE, A-B-A BRMDHKIL
LaWZ EZzERmL, A-B-ABRYED A & BOFrAAEEHMIZILEWI EZ
mUT.

Khrennikov, A., Basieva, 1., Dzhafarov, E. N., Busemeyer, J. R. (2014). Quantum models
for psychological measurements: An unsolved problem. PLLOS ONE, 9, Article e110909.
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c UEDESIC, JVV M- O7RBOREHZEFHEZSEWVWTHAT HHS
¥, ThETAHRHILTVWEW:Y, EEGRBREAEEEZISNTEL.

e Khrennikov K& DEBEAKTIE, COREZEFAIVARNIVLAY RBSFEZHW
TERUE, BERXNBTPA T2 ZIILLTOED THS.
() ZhZhoilEIX, A-ABREZEOHAIEETS.
(i) EFAVANILAY NO—figg@h S, B A, B I3A[iaLGEFIPBETHEWLE
A-B-A BEREZBREIBWVWC EDLENMBDT, A, BE=ralYEELT 3.
(iii) EFA YV ANIXAY NBSGZzAEWS &, EFPIEED A-A BIRHEZEDOHE
ECHEANEELIBRBIOLDIEETS. ZOELSBEFAIVARMNILAY BRI
FOT A BHABETHBICHEEADLSY, BREED A-BERIEFHIRERY
H5D%ZRBRK LT,

(iv) ZDEIICLUTBRUIEEFA VY ARNIAY FDINGA—Y&RBLT, &
BRD VMY A7 EBOT— Y Z2RBRICBHRTES I ZERUE.
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2V bhy =37 (%) d7-YES 377-NO
2> bMY-YES 48.89/48.99 | 4.50/4.47
2> KY-NO 17.80/17.67 | 28.81/28.86
A7 =922 (%) J77-YES 377-NO
2> bMY-YES 56.37/56.25 | 2.53/2.55
2V KY-NO 19.77/19.91 | 21.33/21.30
L EIEZVES d7-YES | d7-NO
2> bMY-YES 51.84 1.55
2> KY-NO 24.29 22.33

R2LEFAIVAMNIAYNETFIICEZT—57 DEH.
F/RER : B C/G= B/ G/C DIEF. T ILE/FT—4FE
TE : ETFITHESINBIIERIRLGWE LEEDME
ZHE., FnNThoOIBFICLEEHEEZFIILLTE &
IEE&> TR [EFRFIRZHIET S EIFTERL.

[M. Ozawa, A. Khrennikov, J. Math. Psycol. 100, 102491 (2021)]
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