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http://www.nobelprize.org/
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The Nobel Prize in Physics 2022 was awarded to Alain
Aspect, John F. Clauser and Anton Zeilinger “for
experiments with entangled photons, establishing the
violation of Bell inequalities and pioneering quantum
information science”.

Their results have cleared the way for new technology
based upon quantum information.

Alain Aspect John F. Clauser Anton Zeilinger

Université Paris-Saclay and J.F. Clauser & Assoc., University of Vienna, Austria
Ecole Polytechnique, Palaiseau, France Walnut Creek, CA, USA
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THINGS TUAT HAVE MASS THE MORE MASS, THE MORE
CAUSE TUAT RUBRER SMEET THAT SPACE GETS BENT AND

TO BEND, LIKE A BOWLING DISTORTED BY GRAVITY.
BALL ON A TRAMPOLINE.

JORGE CHAM © 2016
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FOR EXAMPLE, THE REASON THE EARTH GOES AROUND THE
SUN 1S THAT THE SN IS VERY MASSIVE, CAUSING A BIG
DISTORTION OF THE SPACE AROWND (T,
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WAVES AND
INTERFERENCE

PATTERNS

DR CHRIS ROBBINS

www.grallator.co.uk

Puddle Interference The concept of interference shows up in
everyday life in bodies of water, from puddles to oceans.

https://www.youtube.com/watch?v=dNx70orCPnA
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“We must now describe the photon as going partly into each
of two components into which the incident beam is split.”
P. A. M. Dirac, Principle of Quantum Mechanics

|

E MYSYEBEONNPI0: BOUSELAOHTIRNOIVVINOVELI VS0 PR0 R
B Wope dAVoEENBEHOEN I NV VANBEAMHRRLo M MEWVE
iR EHTQUUNNINOURS FEQ v TELREND &MY <oty
k@ﬁbbi?oc@Lams%&zﬁﬁ@ﬂﬁfwemménkaxvﬁfg

B Maomn® DEQHMNY 4O VVOER OIVEBASTvREH OV S OUD ST L0 5°
Ve U BER B8 & OEMVE S VO U0 REN WOBACHERMKL S WO LM
EOHOUUNVERORKNUI QNG

B Ivoukaopvi]

K& OvAUEn EA0RFVRBOVI0ONOP£° #HES 4~ dE S vmL o’ HEN
FHXLIBEEIHOVH O VR FHOBMENBEORBR LAY LKOLIDIN» BELOR
LR RN S RPRFRND LRV S 40 SO 500 BRI SV Bi-o B
W50 530NV [HONBEIONOY S0V

WE S00MEURIKBIUONEL O VN URSH IO WENIRK{DHBR0S Bt
ERETISHECOSWAIBL L2007 | HEENEO VLY S 508 EEEIE 500 N ifiT
O DpsON°

asmb - . e em casd ot 2 A e A S i s e 244 2 ® om s @ = o . o el s e . e P a b A . P

O

(000000

217

M

FEHORR. MSRREL Lo 0% BERMHLEBE

ROXOHEE TP > THETWA.

&5
Ay,



Time
1999/12/31

2022/12/18 1100x

1905FM3DDEEsE
. M IR

BERFH(LADN OEHE)
RIRTEAS EEREE 30R
BL¥HRT BEMRE

http://www.oit.ac.jp/is/shinkai/

EEDTA2221591 1@ KBTI FEEXKIRT




4. PAI2A91 hN—7 5w

PA291940 & iK—7

Albert Einstein

MEDOZX—I\—R5—

1921
r\

) — N IR

=
/

XK

B NSRDEZEA |

a

3 42

=
1=

rith
=

Niels Bohr

BEFYEZz0d VYR T 7

1922/ —NI)VYESE
[ [RFtaaDfEZAH |

SEF 40

_-|j=‘_

e
+B=

29



4. PA1914D - IK—7 S

Yab—7T142H—D¥H

EREEZZDED, INTRIRZERET S.

HEENICENRADEDETD. UDW, Kl
EFITLDBDD, FEATLWSDNESSHZ. FIFTIE?

%Eﬁ%@

putslIraeidss
S

Bohr
MIETEZTTUVSIRRE I ETFEATULISDIAR

BERENHETHD.

30



FERARIRIC XTI DEInstein

HENMNIEFNFITIERTDICIETSD. UKL, WDRARDSFENEDDTTY.
CNIEAFYI TR, COEFRDSTZ<TADFERMFSNDNE UL

B, CNUCK > THROMEISE D Z &I AIEETE.
LI IOZIROTZV R ELRVEFUTLS.

—

W

==

W\

NN

JIENESSDNDRN)Y BB ULIZDD, (&
AETETDIET L.

Z7
o7

777
A

O
s
S

X
<R
5

N g
Ny
0k
=

W\
W\

.

N

L7

25
>SZ

<

<S2

XKL

b
o

S

N
S

O

1
A

A
AN

S

Y 4

N

i
)
)

/

Z

FEDBFEBHMRESNIZR5IS,
THROLRITHRT S.




ST NFOFREERIST7101912(1)

.%é%h:ﬁﬁ L\-(}i—A 1927FEYVIVIR—=5
MEEERIBIERAREZHE D> CTLSDTIELLRL).

—EBAJYRDEET, RV—=DICHEDHzS R URBERIC, RS
TNETILH D CUVVEEEIREREAL 1 2ICUNiET D, &EEZADDILIEHD NATLTAW

BREICEN S CEZRIRL, ARFEEFET S.

REIRISRE TIRA<, SBORMFOMBOHEERL TS, \W \W

28Xy b

L%ﬁ

RREHAT DTZHDEFHEY—IVTE.

B ENBAENIS

32



ST NFOFREEREITD 71221912 (2)

- 1927F Y IVR—=5=%

AEEMEIRIBA DR R
MESEHEDNEEE Az-Ap~h

(1
wm

A7 —=VICFTFHERE
FDH2DODRAVYED ESEIMZEEBLIEC LS, RUYEDIRZE AV
INEKTBCETHRETEDIXTE. £D5, HDIE L ET=

hidebi i
B

28Xy b

\Wtﬁ

AETDEFICIE, ASHDAFHGERIGERED.

RECPSENEL BT, FDHLE EEENSE Z [FIFFIC
RDDCEIFTITRLN.




ST NFOFREEEITD712215912(3)

FEEMREICET 3 KH TR
R ETIRIVTF—DRFEEE At-AE~h

RTHEINLHEDBY, vy I—EMFRNT R
155, HBELTY I —H—RETES, KORF
b 1DROLET. ZORRDEDEEZ RS _ETIF
V¥ —6 BRI BB IR FTRE RS,

BEZdDIEEA. vy I—DRHTEA
BOZEEINIL, FELNZEE TS EZRUE
DIX, HIRTZTIEZRLNTI D




ST NFOPTEEZER< R

ST NFOFEZERHEID712201912(4)

BRE p147

EPR/INSGROX

KA I AZEE T CER<HEN TS D.

NS, [FUHDSRIITYIENGREIZE

FEHoTHY, AIETBILEINSMAIENDEE=
IFFEEL TV, EWAD. NS EEE

9= IFIITTEL.

MAY 15, 1935

PHYSICAL REVIEW

VOLUME 47

Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?

A. EinsTEIN, B. PopoLsky AND N. ROSEN, Instilute for Advanced Study, Princeton, New Jersey
(Received March 25, 1935)

In a complete theory there is an element corresponding
to each element of reality. A sufficient condition for the
reality of a physical quantity is the possibility of predicting
it with certainty, without disturbing the system. In
quantum mechanics in the case of two physical quantities
described by non-commuting operators, the knowledge of
one precludes the knowledge of the other. Then either (1)
the description of reality given by the wave function in

quantum mechanics is not complete or (2) these two
quantities cannot have simultaneous reality. Consideration
of the problem of making predictions concerning a system
on the basis of measurements made on another system that
had previously interacted with it leads to the result that if
(1) is false then (2) is also false. One is thus led to conclude
that the description of reality as given by a wave function
is not complete.

Phys. Rev. 47 (1935) 777-780
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completeness complementarity

[T ITIERL, MEFEEIEVSEZZTIEELLD.

OCTOBER 15, 1935 PHYSICAL REVIEW VOLUME 48

Can Quantum-Mechanical Description of Physical Reality be Considered Complete?

N. Bour, Institute for Theoretical Physics, University, Copenhagen
(Received July 13, 1935)

It is shown that a certain “criterion of physical reality’ formulated in a recent article with
the above title by A. Einstein, B. Podolsky and N. Rosen contains an essential ambiguity
Phys ReV 48 (1 93 5) when it is applied to quantum phenomena. In this connection a viewpoint termed ‘‘comple-
6 9 6— 70 2 mentarity’’ is explained from which quantum-mechanical deseription of physical phenomena
would seem to fulfill, within its scope, all rational demands of completeness.
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1969 VaVaVaE o — L1

o5 LS — A

y a J ° 7 7 I’ - John Clauser used calcium atoms that could emit entangled photons after he had illumi-
nated them with a special light. He set up a filter on either side to measure the photons’

* polarisation. After a series of measurements, he was able to show they violated a Bell
inequality.

FIY e PARN
Alain Aspect developed this experiment, using a new way of exciting the atoms so they

O
1Al\ IJ L4 'U'a b— * emitted entangled photons at a higher rate. He could also switch between different settings, 1 4

so the system would not contain any advance information that could affect the results.

ENTANGLER
2 3
,-\(\‘S‘W\‘\.\»
dik ENTANGLED ~ ENTANGLED
PAIR 1 PAIR 2
~ ~ A\ 1] ¥
PIRY V7LV V—
[ ] ° |7 > Anton Zeilinger later conducted more tests of Bell inequalities. He created entangled pairs of
— —
z- Z b J 7 4 J* photons by shining a laser on a special crystal, and used random numbers to shift between
measurement settings. One experiment used signals from distant galaxies to control the filters 3 9
and ensure the signals could not affect each other.
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Furthermore, the equation E = mc?, in — — e
which energy is put equal to mass, CETRYR,
multiplied by the square of the velocity

E = mc?
of light, showed that very small amounts (X JIEBIC/NTBREDNDBENIEEICKETREDIRIV

of mass may be converted into a very X | IN. FOFERYIIDZEETRLUELE,
large amount of energy and vice versa.

The mass and energy were in fact AR DRI LN BEE TRIVF—(FERIC[F
equivalent, according to the formula <U7=,

mentioned before.

This was demonstrated by Cockcroft and <#lUd 1932%F(C Cockcroft & Walton (2K
Walton in 1932, experimentally. CTEBNICETIINELE,
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