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Ƅ˪˕ˍ˶ʺʺɉɄǓ̡̲͇͎̬̙̏!
�ȔƣƬ»ʺʺȩȝğ!
ɾ¸˪ŀŉ�ʺʺřńŀœ!
Ǚ»˧˗ˊ˽˦ʺßƄ!
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1900 ̋ Planck 
1905,6ʺ Einstein 
1913ʺBohr 
1917ʺEinstein 
1923ʺde Broglie 
1925ʺPauli 
 
1918ʺPlanck,19Stark 
1921ʺEinsteinʺ22 
1922ʺBohr 
1929ʺde Broglie  
1945ʺPauli 
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1925ʺHeisenberg 
1926ʺSchrodinger, Dirac 
ʺʺʺʺBorn-Jordan, Jordan 
1927  Bohr,Heisenberg 
 
 
1932ʺHeisenberg33 
1933ʺSchrodinger+Dirac 
1954ʺBorn, Bode                    ?Jordan 
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̗̞̃̅͋́̅͋ʺʺʺ͗͟͞͝ʺ1905!
̸͎̃ʺʺʺʺʺʺʺʺʺ͗͛͞͞!!1913!
̗͈͎̤͎́̅͋̌ʺ͗͞͞͝!!!1926!
�Ǚʺʺʺʺʺʺʺʺʺʺ͖͗͟͞!
̵̫̜͇̅͋̐ʺʺʺ͖͗͗͟!!!1925!
ƒáʺʺʺʺʺʺʺʺʺʺ͖͗͟͝!!1935!
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͗͑˫͖͝ì�ŝ˪͎̘̒ƬɅˣɣɛY�

͑͘˸EPR˪entanglementˊʻrɛ˕˜Ĕ�ˣʻGȒ�
%ȡĽʌȟʾºƦ˧˦˟˜̗̞̃̅͋́̅͋ʿ͐ßƄ͑�
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Einstein˪ʤɍ˫IǈˣȮ˜ɤ˼ˣ˄˽ˊMȇ¦˧?˟˜˺ˆ
˧Ȯˇ˽ʼProf. Okaya˪�˹ʻńŞ˱Ţ˜ŉ˪Č˅L˦˥́ȋ
ˍʼþ˧ǅÑčƬɅˤɾ¸Z»ˤ˪ʆ-́ȋˍˤþ˫ǅ©̀˻˘
Āȉˊincompletely described picture˧ɮˌ˨ˤ˅ˆʼ*ˇˬ
dynamicsˉ˻accelerationˤȴˆŮċ́n˼positionˤvelocity˝ˏ
́Ȉˇ˽ˤʻstatistical law˕ˉĂ˻˾˦˅ʻ˦˥ˤȿ˽ʼ'˝ˉɲ
˅Ň˪�Ƹ˱÷Ğ˓˾˜˺ˆ˦�Čɋ˦Žĩ˞˧˦˽ʼ˕ˉ˕˛
˪ǉ˧˫'ˤ˸˅ˇ˦˅ȱ˕˶Ƌ˶ˊ˄˽ʼ�
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̞̅͋˫ʻq�˪̡̥͎͍̗̣͇̊́͋˧ʻˉˠˢˑˆ
˅˟˜ˑˤˊ˄˟˜ʼʾǗ˫�ȔǅÑɅ˧ˠ˅ˢ˺˼
͖͖͗3˸ɾ¸Ʌ˧ˠ˅ˢȈˇ˜ʿʼǗȑə˪Ƕʨˉ
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½Á͉̺͋!
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ƥė̵̥͇̏͐Ƅ`ʆĻ͑˫Ä�˪ȶɠ˧!
¿@ˉͣ!

ʗØĠƿɾ¸ǅʆʺʺEPRʺʺentanglement!
!•  ąǴ\ã˪ɨŶ!

!!!!!̤̮͈͎̙̓͋˪ĥU!
!!!!im¸ǯ!
͍Ɉ́Uă˗˽˪ˊĤȤ!
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̗̞̃̅͋́̅͋˪�Ɠ�

•  God!does!not!play!dice!
!!!!!!˵˝ȸ˙˽!

•  ʷspooky!ac\on!at!a!distanceʸ!
!!!!ʷtelepathicallyʸ!
ʺʺʺǹÑȸ˙˦˅͏�



We choose to examine a phenomenon which is impossible, 
absolutely impossible, to explain in any classical way, and which has 
in it the heart of quantum mechanics. In reality, it contains the only 
mystery. We cannot make the mystery go away by “explaining” how 
it works. We will just tell you how it works. In telling you how it works 
we will have told you about the basic peculiarities of all quantum 
mechanics. 

— R. P. Feynman, 1964 

This problem of getting the interpretation proved to be rather more 
difficult than just working out the equation. 
P.A.M. Dirac�

The!“paradox”!is!only!a!conflict!between!reality!and!your!feeling!
of!what!reality!“ought!to!be”!.!

!Richard!P.!Feynman!



¬ˍ˪�Čɋ˫˄˦˜˪Ŝǿ˧
ɮˌ˦˅͏�

•  v"¢�1ÜĚşă¢ı$Íį�ţ�Ë$¶"Ţ�
•  wĮ!»
}2É�1��âĂ��ı�
•  ğó/ĲĤ"�&��õú¨��
•  Speakable,unspeakable     Bell 
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̙̺̋͆˪üʜˊș˅.Țɰ˧Ėŧ˕˦˅˺ˆ˧ʻ!
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!
͐͛͑͗͛ͮ͟͟͞ʺ̦̠̅̇ʻ̣͈̹̣͎̗̓͋ʻ!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!̗̓̃˪͇̼̃̔͆̚!
!!
J.!Bell(192821990)!
Unbeknown!to!Bell,!that!year!he!had!been!nominated!!
for!a!Nobel!prize!(which!is!never!awarded!posthumously).!His!contribu\on!to!the!issues!raised!by!EPR!!
was!significant.!Some!regard!him!as!having!demonstrated!the!failure!of!local!realism!(local!hidden!variables).!
!Bell's!own!interpreta\on!is!that!locality!itself!met!its!demise.!
!
ʰ007ʺʺNATURE!!EverejɅĽ50�ì!
!
2010!Wolf!ɑʺʺʭClauser,!Aspect,!Zeilinger!!
!
2012!Nobel!ɑʺʺHarosh,!!Wienland!
!
!
!
ʺ�

ʰʮʮʳì͝Ŗ͛ń!



1
2

1
2

1
2

| | 0 | 0   
  [| | | | ] | 0

[(| | ) | (| | ) | ] | 0
  [| | | | | |
          | | | | | | ]

z x

z z x

z z x

z x z x
z x z x

←〉 = 〉 = 〉

↑〉 + 〉+ ↓〉 − 〉 = 〉

= ←〉+ →〉 + 〉 + ←〉− →〉 − 〉 = 〉

←〉 + 〉 + 〉+ →〉 + 〉 − 〉

+ ←〉 − 〉 + 〉− →〉 − 〉 −

⇒

〉

⇒

ɼ˦˟˜̺͉̏ƥė!

ƐÂƜ˕˧�ƸˊMÝʺʺ¬�ƸȳɻʺʺƐÂ͡L!˅!

ƐÂˣˮ˟ˉ˻˦ˉ˟˜�Ƹ˪KƬʺʾƧ˪KƬʿƍīØƿ�ʢ!

ƣɒʻ̩͇͎̈̎/¹ʺʺƠ͡Ĺɩ͡ƜǬƬ!

đ¤˪/¹ʺʺǅʆđ¤˪Ĺɩʺʺǅʆđ¤˪ƜǬƬʺʺʺʺ!

Ɯˍ˦˼˫˕˦˅ˑˤ˪̥̲͇ͅʺʺôŬƣʻǬƬƗ˾ʺ�

Stern-Gerlach Äʨ 



ʭ�
ʭʯʴʲʳʭEverett , many-worlds  

1964     Bell’s inequality 

1969    Clauser-Horne-Shimony-Holt  CHSH 

1982   Aspect, Dalibard, Roger et alʺexperimental proof 
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Bell’s!inequality!

If!extra!parameters(hidden!variables)!
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X-S Ma et al. Nature 000, 1-5 (2012) doi:10.1038/
nature11472 

Quantum!teleporta\on!between!the!Canary!Islands!La!Palma!and!
Tenerife!over!both!quantum!and!classical!1432km!free2space!channels.!





J Yin et al. Nature 488, 185-188 (2012) doi:10.1038/
nature11332 

Illustra\on!of!the!experimental!set2up!for!entanglement!
distribu\on.!
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There!must!be!literally!thousands!of!papers!in!the!physics!
literature!which!claim!to!resolve!this!paradox,!but!I!have!to!say!
that!the!vast!majority!of!the!proposed!"solu\ons"!seem!to!me!
totally!bogus.!In!fact,!there!seem!to!be!only!two!obvious!ways!out.!
One,!which!I!find!is!increasingly!endorsed!by!the!younger!
genera\on!of!physicists!when!they!are!"pushed!up!against!the!
wall,"!is!to!admit!that!quantum!mechanics!is!nothing!more!than!a!
calcula\onal!recipe!and!corresponds!to!nothing!whatever!in!the!
real!world;!its!func\on!is!simply!to!predict!correctly!the!
probabili\es!of!par\cular!outcomes!at!the!everyday!level,!for!
example!the!probability!that!I!will!see!this!par\cular!cat!to!be!
alive,!and!beyond!that!it!simply!has!no!meaning.!This!solu\on!
seems!to!me!to!be!internally!consistent!but!very!depressing;!if!it!is!
correct,!it!would!apparently!preclude!us!from!ever!getng!any!
objec\ve!descrip\on!of!the!physical!world!at!all.!�

A. Leggett   2004-06�
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Quantum!mechanics!evidences!that!there!is!no!such!thing!as!mere!“observer(or!register)!
of!reality.”!The!observing!equipment!,the!registering!device,”par\cipates!in!defining!
reality.”In!this!sense!the!universe!does!not!sit!“out!there.”!
ʺJohn!A!Wheeler(191122008)!!!̷̡̲͎͇̏ͅʻ½Á˪Ƅ`ʆĻʻɫõɴĦȲƐʻ!
ʺʺʺʺʺʺʺʺFeynman,Everej,Hartle,Thorne,Ruffini,Unruh,Deutsch,Zurek,͍͍͍͍͍�

thea,     theory    theater �
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Here in 1897 at the old Cavendish Laboratory, JJ Thomson discovered the electron 

Subsequently recognised as the first fundamental particle of physics and the basis of 

chemical bonding, electronics and computing 
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Rolf Landauer “Information is Physical” 

              vsʺʺ  “Physical existence is informational ” 

Physics Today 1991 
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In!our!descrip\on!of!nature!the!purpose!is!not!to!
disclose!the!real!essence!of!the!phenomena!but!only!
to!track!down,!so!far!as!it!is!possible,!rela\ons!
between!the!manifold!aspects!of!our!experience.!
—!Niels!Bohr,!1929!
!
Physics!is!to!be!regarded!not!so!much!as!the!study!of!
something!a!priori!given,!
but!as!the!development!of!methods!for!ordering!and!
surveying!human!experience.!
—!Niels!Bohr,!1961�
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Although!it!differs!in!many!important!ways!from!what!has!come!to!be!called!
“the!Copenhagen!interpreta\on”,!QBism—!Quantum!Bayesianism!—!agrees!
with!Bohr!that!the!primi\ve!concept!of!experience!is!fundamental!to!an!
understanding!of!science.!!
According!to!QBism,!quantum!mechanics!is!a!tool!anyone!can!use!to!evaluate,!
on!the!basis!of!one’s!past!experience,!one’s!probabilis\c!expecta\ons!for!
one’s!subsequent!experience.!
Unlike!Copenhagen,!QBism!explicitly!takes!the!“subjec\ve”!or!“judgmental”!or!
“personalist”!view!of!probability,!which,!though!common!among!
contemporary!sta\s\cians!and!economists,!is!s\ll!rare!among!physicists:!
probabili\es!are!assigned!to!an!event!by!an!agent1!and!are!par\cular!to!that!
agent.!The!agent’s!probability!assignments!express!her!own!personal!degrees!
of!belief!about!the!event.!The!personal!character!of!probability!includes!cases!
in!which!the!agent!is!certain!about!the!event:!even!probabili\es!0!and!1!are!
measures!of!an!agent’s!(very!strongly!held)!belief.�
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“Agent”!in!the!sense!of!one!who!acts!(and!not!in!the!sense!of!
one!who!represents!another).!We!follow!the!widespread!
prac\ce!in!the!quantum2informa\on!community!of!calling!the!
agent!Alice,!and!a!second!agent!she!might!have!dealings!with,!
Bob.!
�arXiv:1311.5253v1![quant2ph]!20!Nov!2013!
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Quantum!mechanics!evidences!that!there!is!no!such!thing!as!mere!“observer(or!register)!
of!reality.”!The!observing!equipment!,the!registering!device,”par\cipates!in!defining!
reality.”In!this!sense!the!universe!does!not!sit!“out!there.”!
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Ȍŭˤ˕ˢ˪Ǚ
»!
�
£ǐƿǙ»!
͒!
Ä»ƿǙ»ĤȤ
͐ã»ʻdƽʻʦ
ľʻƭ¦ʻ¾@͑�
�

Àĸʻ�»ʻ,4ʻ
ɯĆ͍͍͍�
£ǐƿǙ»͎͒͊
͇̦̯͎́�
�

FƖ˦ƯƇ͐ƣ
ɒƿʻ�ƿʆ-ʻ
¾ćʻ͍͍͍͑�
Ä»ƿǙ»Ĥ
Ȥ͒ńêǋɊ�
�

Ǚ»ƿ͐ÄȺˤ�Ƭ͑˦ƯˋŁ͕ȣ
`�
͎͇̦̯͎͊́͒ńêǋɊ̱͍͐̅ͅ
̺̦̅͋͑�
ʾUðǙ»˪ǋȮ́?˾˜ʿ͒ʾǙ
»˪ġƃ́?˾˜ʿ�
�



ǋɊ˧Ñ˗˽�Ƞ�ȅ˪�š !
ˬ˾˦˅ʻ!
�ʢ˧˫ǩˇˊ˄˽!
˶̂˦ˊƬȳLŢ˽!
ǋɊ˪EÊˊ�˅˧Ǌǆ˕˦˅�



ǭʺȚʺˣ˪»ŨĸȍĴʚ�



ȲÏǯ!
Uăǯ�

͐̅͑ȑƝ˸͉̙̔ˣȿ˾˽ˑˤ́¸+˧ĸˇ˽ʼ!
͉͉̙͐͑̔ˣ˫Ȧ˙˦˅ȑƝ˪˗ˬ˻˕˓́Ė˖t
˾˽¸+́ȍˢ˽ʼ!
̫͉̙͐͑̔b˓˽�ʅ˪�˶˪˗ˬ˻˕˓́ĸˇ˽ʼ�

ÜáȜśďǀĚ�!
"ǸƿƯŭˤȑƝȲ!
ʷǙ»ƿʸȑƝȲ�

ƬǙˤ̙̅̈͋̕!
˫�˖ͣ!
!
ʾǙ»ˤ�ʅʿ�







̭͎̙˪Ǚ»ʺʺʺʺƻċˉ˻0ċ˱˪�ˠ˪Łƃ�

̭͎̙˫Ǚ»́ŵ˪˺ˆ˧$ȃˡˏ˽ʼ�Ȕ˧ƻċˉ˻0ċ˧Tɰ˗˽^Z˧˫wŢ�
ˠ˪Łƃˊ˄˽ʼ!
�¢˪Łƃʻ!
Ųµ˪Łƃʻ!
=®ƿŁƃʻ!
Ǚ»˪Łƃʻ!
ˣ˄˽ʼ!
�¢˪Łƃˤ˫ȑM˪Ž˧˅˽˸˪˝ˏˣȑM˪	ˣ0ċ́�˷˽Łƃˣ˄˼ʻńê˺
ˍʊ˼˹˗˅ɯˣ˄˽ʼ!
Ųµ˪Łƃˤ˫�¢˪Łƃ́ǵȂb˓˾˜ʏ�˧Ĩ˕ˢʻ˛˾˧ʘˉ˦˅ƺƣ́ĵı
˕ˢĭʉ˗˽ʼˑ˾˫�ŉƿ˧Ǐ0˧�ˉˆˊʻĀ˧Ĕ�ƿ˧'ˉ́ĭʉ˕˜ŷ̂˝˸˪
ˣ˄˽ˑˤ˧Žˡˍʼ!
=®ƿŁƃˤ˫͗͒͗͘͡˪Ű˦ʻƬ˪Łƃˣ0ċ́�˷˽˸˪˝ˊʻC&ƣˤƬ˪Ƿ˯
�ˏŁ˧2�˪�²ˊ?˼ʻƬ˫ùƝˣ˄˟ˢ˸ʻ˛˾́ɳƱ˗˽¥ʙˊĎĔƿ˧˦˻
˔˽́Ă˦˅ʼ!
ˑ˪Ű˦2�˪7Ɲƿ˦ŽM˹ʻǓ!˪ʏ�̮̙̣͎͆˪üʜ˹ʻƬ˪ĎĔƿĲ(˪̥
̡͆̏˦˥˪ʊǡ́ɵˏ˽˧˫ʻ̡̠̇̏Ŵȏ́�ʅƸ˪«6˧ƀ˷˽Ĉȭˊ˄˼ʻ˛˾
ˊ�ƹǃ˪Ǚ»˪Łƃˣ˄˽ʼ!
͐ʫƆɶ°ʾ̳̺̣̼̐̅̚ͅ˪ČĒʿ͐˞ˍ˵»ȘĽò͑́oƞ˕˜͑�



ɾ¸Z»ˊƛ˼L˗!
!
ʺʺʺʺʺʺʺǙ»ʺʺʺʺʭʭʭʭ8Ȳȉˣ˦ˍ�?ȉʻɗ˶ɟ̂ˣ˅ˍ!
ʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺĔ�˪Ě[́ʪ˷˽ÑKƃʻ!
ʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺȑƝ˧�˶ɟ˵˾˦˅agent!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!ʺ�ˠ˪Ǚ»!
ʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺƬǙˤ̙̅̈͋̕ʻ	şū¸ˤɱˆʺ!
ʺʺ!
ʺʺʺʺʺʺʺ»�ʺʺʺʺ�ʅ˪Ǚ»ʻȞˤ˕ƣĮ˕ˣ˦˅ʻ!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!̡̺̫ƿʻÄ¹ƿʻ̳̺̣̼̐̅̚ͅ!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Ŝǋ˧�˼L˗Ä¹!
ʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺyȏč˪Šʺ!
ʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺ!
ʺʺʺʺʺʺʺż��ȅʺ̗̞̃̅͋́̅͋́ɘȞˤ˙˽̙̅̈͋̕,!
ʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺ�ȫ˪lŴʻ�˧ʡ˻˘ÄȺˤɅƬʻ!
ʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺʺ̭̥͉͋˫˅˦˅5Ž˧ȣˑˆ�



ʾɾ¸Z»ˣƛ˼L˓˾˜Ǚ»ȉʿˤ˫�

ˈ̀˼�


