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Ploto, amicus Socrates, sed major veritas. L. Plato's Phaedo, !"Amicus

) !"#$%(&'&()*+,-. ,/012 3()45678(,97:7;5 <=+.>?&'&()6@-%.
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Don Quixote,JKL)  .
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­'$$g` ��M$$%) �$$�oF)4$$(OZXW{�3n9$$%) [N$$L) -¤$$0 ;AOH$$%) �$$�o xN$$?U ,

q�C$$0 Nm;9$$? lT &'$$�;`supernova,@'$$E1 �$$(p lT 31black hole.�$$(b%C0
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<2/E8 %F<G HIJ%2A<K#$ %:LM2N#$ > %2#9<KA O2PQ)& R<2F S24#$ %2#9<KT$UN2V <2W:B
%5-X#$ %BLN/#$(

E = M c Y7 ;:%F<Z#$=%B4[#$× !"#$ %&' U,\A.

probabilism

determinism

6<C)]5<4^N5_(-$\04D<, 99\5:»I9\N#<, `KB5 a b$ 6c«.1!2/5 6<2C d2C:
»b 6<C $eI <A OB&7 67 fKE SN0g <A 6IJ c hi<2K#$ $X2P j2Bk > -<:k«.6<2PlB#8

%:04m$ n&)%5lo$(,%5\p; ?<D$-9 q5\r7 ,%:#d4sa$ 87t)%:NPe ]5-<u(>
O222[#$ v222:;<[:A.w8Q$ O:M222o<Et)#<222C,6!*!)x$8,68@222[##$8,6!222*8l

#$822N%22ZF 87 ,68@»7-22E]98yh\22z;«SchrödingersErwin){||}~{��{(
%:s~2BP8 ,%4:A\2r O� �$.X2k�5>�2A�f4A �B[2� �9!2r8)Y74:�2���

4B�22)NA�224A�f4A d22;Ic h<R�f22* ]22A ;6coherence(:S0:M22r !22WEt)S22L:Lst(
Sr!A8�.2s$8 6_ >)%2:s %2Z/#$ 87~%24:A(,�^2[#$ O425 �24s)�<2:/#$(;

R�f422#$ X22�.N& 18�22:Edecoherence:22o$ <22A�Et c22r O:MtSr!22A <22AI8 ,S0:M� c,
)%Z/#$<AIc%:s8<AI%4:A.(S)M2B)#$ �2[)4#$ > �-<2K4#$ $X2P %2�:4; ,?�^2;

6<4D-.A ,�!�/#$ %:�Q$ Ye:%D-.A)]5<4^N5_(]2A �2C UA �\r7 YX#$ ,
)S[M22#89!, �5-!22,(Boris Podolisky){|��~{���(8 ,)6�8- 6<22�<;(

Nathan Rosen){���~{���(KA ?<D$-90%5\p; %/�-<2K4#$ $XP 1!s.
.22/#822E ?<22D$-.#$ �X22P ?\W422�$:%22F-<)0, .22K, dEPR)EPR paradox(
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8)\E\22;�l;�5<22P(Werner Heisenberg){�}�~{��{(�:E8]5\22k_ �:�<225
%2D-.0, q2E\&8 ,\=Ct)]�<2WN,!C(%2:#d4sa<, 1!2/* q2;<[E ;.�\2r .2/#8

6<Pl#$$�k7J)�A<K#$ >��{�8��{ (�C Yl4¡ >¢ t]2A)q[L2D$ ]2#_(
Alan Aspect,){� }~(>)7£:D-8(Orsay]A ¤\/#<,)�5-<2,(8 ,)a!2[:;

6$�2:�(Nicolas Gisin)~{���(>)Nr�2:(6<2Pl#$ �\2r ;2:�<¥�a d2,8 ,<
F\5�%3V ,¦9\�T$ �K#<,8 v^#$ £:#I2Efk ,%2:04m$ �:2#8 ,%:#d4sa$<J<2T

,\=C £:E `�\5 6<COWNA8h¤-<�4#$ �XP �\r7 ]A §K,.

 !"#$  %&'()$ *+,-.)/0%12$3 4(
Special (Restraint) Relativity

! !"2#$ %2&' %24,<� l4K*)c]2Acelerity(%2:g.,axiom%2V<¨$ %:LM2N#$.
]A�#<, 6<[T$ %Ff& %5\pN#$ �XP ©#<K*)6<2[T$ %B�24A-9<2K,Q$ 87 ,6<2A�#$

%K,-Q$.(�[K#<, �[K#$8 ,6<[T$ 68., £# �NKA a ]A�#<E.`ª <�.s�E
\k«$ HI d4s `MN5 67J t.qBF $e�E:> ?\E<D%&<M2#$�{¬��­2/E;f2E

$ $XP ]A OW)5t�2=[#$  ®2#$ 1!/#.q2BF $eI ]2[#:> ?\E<2D�{¬��HI
»�:Nr«;4MT$ OW):ME/:/3, OBK5 87 ,$.:)A <¯:� U0J J%<A °.s °8.s.
!v2:;<[:A HI 9!2K; <2N;�E ;%2V<¨$ %:LMN#$ ]A  !"#$ %&' %4,<� <N:z#7 $eI

»]*!:;«.8 ,v:;<[:T$ $XP S)E#hS[%2K:LZ#$ �;$!2F �2/L*)O2BK#$(,%24,<�
E%:*<:2±<5\#$ ?a!234#$ ]A %&!0² £M)N# 9.³ 67 `F$\A �C n& 6�c h~

£4&' <WD7- n&~]A�#<, 6<[T$ ­,\* ,.
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 #$%&'( )*+%,-. $%/ 0123 * 41(5'( 036 #78 ,09$:( 0;<=>?( @ $ABC D E-

$%F(G H%I J%K<L M%NO?( PQ(+1 #78 MR SAT ,0-.$R U+V?( 036 #W #$AX?(D DC E
YK.Z E[41(5'( 036 S3 5\>?(.

 H%-?( ,]5%^'( J%-_ TB M^>?( TB 4`+&?( 036 $>I 41(5'( 03a. bcKde
f^Q TB $<`+` $g>A 41(5dT ,h_$<?( $g;Y-idj jkl5mB ]5n TB ,5m.

 0;<=>?( @ SAX?( #oD C;%8 p%?GT ,q%Y.B 03a%. r=d 09$:(M=%^. s%NO-d f
U+V?( 036 tu$KL 03a. 58$=d.vT5`w%Q 0;<=%>N? 09$:( xwI y$Vd

z$-?( {$|'(:[;Y-=Q $>QB $>}~8( (GoD Eo03a%. 58$=%L 0;�$V%8 0%<`5A {$�u
U+V?( 036 SA 0<d51)+,Q�!!�!!!0%;Q$|?( @ ~%A +N;`(,O%}TT$>

$;�$V8 (b�(u 0<`5'( xwI @� j]b_(+?( 0V;<?( HAB+L b_B +I)PAB+-?( b_B
N;|'( TB P;K;K�(P(x5i3T !$A$3j.)�$3 0<`5'( #B $VdB $Qu+cL (GoTD jE

�3 bO. �uW( �od2|A $A$3 Sj j.s;K�?( w�b>3 ��-&;=8)�B+%-?( �5%8
�(5m(x5%i3 �<%9BT ,�uW( �3 HK. �w?( ,�!��%-&;� ;$%A$3j#BD E

D%' U$V�?( b�(u �K;K�bO. Sd�O?(T 0d�$�( �N<d $.
 p?$>Io�?( P. �$�#B �3 P;Q$-�>dk2?( P;�$dX;E �»�%du$&Q(+. �5%>I«+%I

09$:( 0;<=>N? HK;K�( tW(.

 !"#$%  &'()$% *+,#-
General Relativity

 0;Q+&?( 0?$K|?( 0-.$R �-OL)GSAgravity(0;�b.axiom0;<=%>?(0%A$O?(.
0d5\>?( xwI �?$OL:

"�0;Q+&?( 0?$K|?$. )(5^'(T 0dTf=?( �(5�W( )*$KR 0123.
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 "#$%&%' ()%*+, ()-.)E = M c (.
/"#$%000&, 1%20003%4 (000)-.)5000678+,9 (:;<000+,(,(0002=%> ?000@ ?@A+%000'

(2@BC8+%'9D EEentropyFG4H (2=%> ?@.
I"(:;<00+, %:J00K. L00+ M008= %00N,O P00QC+, R>,L00) M00STU ,O%00&charge9H ,

K.%:J5678+,parity.
V"?@A+, WK. ?KXY Z ,O%&.

![%K&, (Q\8@ ]%:;>, ^6_U %`_' (2>LK+, (+%Sa+, bGCUc E d"[%@A+,.eHfg(Q8h [c
+%Sa+, %i%Y%:6 j [%YLk l8)%m9 [LK+,(02>LK+, (.Of (0+%Sa+, no0p [fc g[q0p

WKC+%' WKC+,9 ,l8)%m9 [LK+, (Q8h 5@%h ?. ^TCU.
!,Of(3%r, (2TJ:+, sf $LC> ,(@%C+, (2TJ:+, ?@ (2>LK+, (+%Sa+, %:2t+H,%0@%uv

sf $L00C:w ;]Lx00+, (00.y q00tQ> %@B00:. (003%r, (2TJ00:+, j zB00{ 700h
q:UL2:+, |2>%K2&,.

!%N,O qp MSTU PQC+, R>,L) [fc}*S'?0@ ~0),G&, (0hG= (0.y ?. G�:+,
�2h9 ,(2=%>(2lhGkFG4H (2=%> ?@.

!�0Q' ,Of l0>� ,]Lx0+, (0.y �L0�U (.�0' Gw%JY [H PJ� e� ?KXY Zc E
(+$%CXQ+ %Sw9 ,()%m sf �L;82Jw ;(.�+, nopv:E = M c .

!R0' %@ (@%C+, (2TJ:+, �C�9d�,L0.�,��!�9���V%�Q203%�U 50@%K'
5T) ?@»?Y%8<:Y�«,$G�:@v.

 !"!#$%& '(&)*%&+  !,)-%& '(&)*%&
'..(&)*%&:200)}00�9 ?00@ �J002+9 ,q00p 700h (00C2T*+,9 [L00K+, j B00�LU P
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[%J>�,,Z90Y20�%Y� %�S8<�%%02�%YA2w 9H�50' ,Y%w%<08h, %��<08Kv.#$B0� q0p9

PQC+, R>,L) %�2Q. �LSU9 ,1,B=L'.
/+01.(2>LK+, �',La+,universal constants:z-6 %p$B.:

�"(+%Sa+, (8'%6)G(:[L0K+, (0Q8h 50@%h ?0. P�:0Ul08)%m9.%0�:. �0CY9d � d
[%K&, (Q\8@ ]%:;>,d-?@A+, j [LK+, ]%:;>, eH ;[%@A+,.

 "(008'%6»|00>-'«Planck)h(.UdaE00T��, (00)%m R00' (00)-C+, ��%C00�)E( 

nGU,LU9)!(eH ;:
�, ()%m�%C�=E

(8'%6»|>-'«=............................................=h

GU,L8+,=!

9H:!E = h.
0+ (0+$%C&, no0p [�%)g0»|0>-'«(0+$%CX'»?Y%8<0:Y�«#^�<0+,:(0)%*+,)E(

(Q8K+, j #,L8;&,)M(e9%JU],B0�(0Q8K+, no0pj]Lx0+, (0.y }0'G@)c(;
eH:E = M c 

/"]Lx+, (.y (8'%6=���.IV� ��(2>%a+, j �@ LQ2h.
2.!,231.(02C2T*+, �0',La+,natural constants:�0. B0YAY %p$B0. V(08'%6.

]%00YA2�+, �B00SU }00@ $B00C+, B00Y,A8Y9.|00+O �%00a@:9H ,[9�00K+�, [�99 (:;00�
9�+,�LT+, 9H ,[LUG� PQp9 ,[9GU� c,.

 %24*%& 567"8
Gravity

!(+%Sa+,)G(�0CU (0X2)� E dl08)%m9 PJ0�, (0Q8h ?0..#$%0. (0+%Sa+, �\0�9� E
2�%`-+, �%J��,E%�Q8h j ()[LK+,9 1,G�&,9 �L�:+,9 ~h,LK+,.(
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R88'%006 R8.�00' (00+%Sa+, ?00. ^00TC8+, ?00KXY:(00.y9  LSJ00+, (00.y

1-w�,.,B2SCU 5)H 1-w�, (.y [LKU B)9v.
!e9%JU ¡��, (+%S6 ?@ 1-w�, (.y [f���@ LQ2h,v(02>%a+, j.,O¢0w
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