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PROFESSOR ALBERT EINSTEIN

i

FATHER OF NUCLEAR PHYSICS

Professor Albert Einstein, the greatest
scientist of modern Limes, died in hos-
pital ar Princeton, MNew Jersey, on
April 18 at the age of 76. He had lived
a secluded life for some years, though he
had been a member of the staff of the
Institute for Advanced Study ‘in
Frinceton University.

Albety Einstein was born at Uim, in
Wilrttemberg, on March 14, 1879, A year
later his family moved 1o Munich, whers
they remained until he was 15, His parentage
was Jewish, but few Jewish usages were
observed in his home. He wes slow in

mtn talk, and at the Catholic ¢lemen~

1.

Li cal  whi he first attended was
}Ennwﬂj s B&I’MHTEEET (** Honcse flnu:!il:u-l. ;J
irom his ponderously accurate way of speak-
ing. PBoth here and at the Luitpold
Gymnasium, where the cducational system
was rigid, ho saw Little difference belween
school and barrgck. His father, Hermanmn,
had a small etectro-chemical factory, but he
had a greater genius for living than he had
for suceess, Failing in Munich_he moved 1o
Milan and later o Pavia. The son, lefl
unhappily at the gymnoasium, was well on
the way to manocuvring his departure from it
when e was unexpeciedly asked to leave as
heing ** disruptive ™ of his class. [aly gave
him as great an intercst in arL arnd music as
hc already had in Schiller, and the afairs of
his father enforced him to seek a career. Me
had speculated at the age of five on the
movement of 2 compass needlc, and he knew
that his mathematics, if pot his other
subjects, were well bevond the usual examina-
Lion Teguirercents. mbining interes! and
ability, he arrived at theoretical physics as
ke d that would most attract him, bul
parily because of his father's work, and

martiy Fromy hie cowry el AF o] atto b L

a_professorial post. As a result of thesc
efforts he hecame a Frivardolenr at Barmc
in 1908 and Professar exiroordiegries at
Zlrich in 1909, In 1911 hz became Pro-
tessor of Thooredcal Physles. at Frague, bt
remrmcd o Zirich o the corresponding poat
in 1912, During 1913 Planck and Nernst
persuaded Einswein to go to Berlin as direc-
tor of the projected rescarch institute for
rhysics, as a member of the Royal Prussian
Academy of Science and as a professor in
the University of Berlin—with no duties or
?ﬂifmm. He occupied this post untl

GENERAL THEORY OF RELATIVITY

The ™ Gengral Theory of Relativit,” pub-
lished in 1916, was the fruit of many yecars
of speculation by Einstein on the guestions:
* Can we distinguish the efects of gravita-
tion and of acceleration 7 ** and ** Are light
rays bent gravity 7 " To answer thess
Questions E Was ]t&yd to build a great and
£ theory., which needs for s -
math® expression a new mathematical disci-
pline invented by Ricci and Levi-Civita. The
divergenoes between the predictlons of the
planetary theory based on Einsiein's theory
and thoze bazed on the classicel of
Newton are zll exiremely small, but in onc
caze (the slow changes in the orbit of
Mercury) Einstein's Ltheory praovides an
explanation which had never been found on
Mewronian principles. Moreover, it suc-
cessfully predicied the deflecuion of light
from distant stays as it grazed the sun's
disc—an - ¢ s bseguent] verified by
British astronomical expeditions in 1919—
and also the reddening of light from wvery
massive starg—which was much later con-
firmed by obscrvatioms on the deark coms
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DESCRIPTION OF PHYSICAL REALITY 777

of lanthanum is 7/2, hence the nuclear magnetic
moment as determined by this analysis is 2.5
nuclear magnetons. This is in fair agreement
with the value 2.8 nuclear magnetons deter-
mined from La III hyperfine structures by the
writer and N. S. Grace.?

* M. F, Crawford and N, S. Grace, Phys. Rev. 47, 536
(1935).

This investigation was carried out under the
supervision of Professor G. Breit, and I wish to
thank him for the invaluable advice and assis-
tance so freely given. I also take this opportunity
to acknowledge the award of a Fellowship by the
Royal Society of Canada, and to thank the
University of Wisconsin and the Department of
Physics for the privilege of working here.

MAY 15, 1935
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Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?

A. Eixsteiy, B. Pooousky AxD N. Rosex, Institute 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 [unction in

1.

ANY serious consideration of a physical
theory must take into account the dis-
tinction between the objective reality, which is
independent of any theory, and the physical
concepts with which the theory operates. These
concepts are intended to correspond with the
objective rgality, and by means of these concepts
we picture this reality to oursclves.

In attempting to judge the success of a
physical theory, we may ask ourselves two ques-
tions: (1) *‘Is the theory correct?” and (2) “Is
the description given by the theory complete?”
It is only in the case in which positive answers
may be given to both of these questions, that the
concepts of the theory may be said to be satis-
factory. The correctness of the theory is judged
by the degree of agreement between the con-
ciusions of the theory and human experience.
This experience, which alone enables us to make
inferences about reality, in physics takes the
form of experiment and measurement. It is the
second question that we wish to consider here, as
applied to quantum mechanics.

quantum mechanics is not complete or (2) these two
quantities have si 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 resule that if
(1) is false then (2) is also false. One is thus led ro conclude
that the description of reality as given by a wave function
is not complete.

Whatever the meaning assigned to the term
complete, the following requirement for a com-
plete theory seems to be a necessary one: eery
element of the physical reality must have a counter-
part in the physical theory. \We shall call this the
condition of completeness, The second question
is thus easily answered, as soon as we are able to
decide what are the elements of the physical
reality.

The elements of the physical reality cannot
be determined by a prieri philosophical con-
siderations, but must be found by an appeal to
results of “Aperiments and measurements. A
comprehensive definition of reality is, however,
unnecessary for our purpose. We shall be satisfied
with the following criterion, which we regard as
reasonable. If, without in any woy disturbing a
system, we can predict with cerlainly (f.e., twith
probability equal to unity) the vulue of a plysicel
quanlily, then there exisis an element of physical
realily corresponding to this physical quantity. It
seems to us that this criterion, while far from
exhausting all possible ways of recognizing a
physical reality, at least provides us with one
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Yukawa’s “America Diary” of the journey in 1939, Sept-Oct.

Coulombia: Fermi, Rabi, Stern, Nordsieck, Urey, Szilard
Princeton: Einstein, Wigner, Wheeler, Neumann,White, Ladenburg
Geoge Washington: Tuve, Gamow, Teller

Harverd: Van Vleck, Furry, Street, Kemble

MIT: Slater, Morse

Chicago:  Rossi, Compton, Dempster

Michigan:  Laporte, Ulenbeck, Goudsmit, Crane

CalTech: Neddermyer, Anderson

UC-Berkley: Oppenheimer, Lawrence, Schiff, Kusaka, Brode
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1970s job
crunch

FIGURE 1. NUMBERS OF PHYSICS
PhDs conferred in the US over the past
century reflects the ups and downs of
career opportunities in the field. Point-
ers highlight times of global events,
breakthrough technologies, and eco-
nomic crises; these correlate with
changes in the numbers of degrees,
with a roughly five-year lag in response
resulting from students already in the

Berlin Wall falls
cold war ends
recession

Invention of

transistor UScitizens ol academic pipeline. (Data for 1900-19
is from the American Council on
of World War i ; Education; for 1920-61, from the

rt of cold war

National Academy of Sciences; and
for 1960-99, from the American
Institute of Physics.) ;
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FIG. 1. A proposed quantum eraser experiment. A pair
of entangled photons is emitted from either atom A or atom
B by atomic cascade decay. “Clicks” at Dy or 1)) provide
which-path information and “clicks”™ at I or Dz erase the
which-path information.



WRZODELD LY AIE

° #%IEJ

il - il

Iﬁ*&l
EIFE

o« YR E

FEC o= EBIHALY.

125

EDHDBM] DFEWR A HDFEWL

X (B F) -EAibZsIEHT

° '|§ $I§J

° EF%IEJ

HﬂlJ HtIIJHtI

EETELY Y ]

FETARNETLDIEIETT:-

%Ud)c """ ]

° rﬁ)bjwc\c\Jt*)r? AFEﬁ&‘j:o



(£ 1l T2E DB
[E %R
=5 2 fE D BB R R

B R (BR8N (L& XF
2R 5 S [R OD A8 >t B AE BR {7 i a0 it

AT MIFERER
MR E =

REARTMVIEEDERD=HDEE
book-keeping



EDEFERTODIES

FHZEDERDIBLO(EZE) 1HY. TDRIEE
BEHARLELNTL

SN TIR, BB T SIAITARTLA—

TmTII

-FAX&R:E
FAUEDEFmE PP T
MM ITHVELSTH., [BHRONIITEIRA]




Al

5
5

I

I ? ?

TER I REDIER

<

R
R
£F
Fid

e 22



RIFEHADBLDFELA

SZOMEIE. SITEDIKREM (ANBH) ?
SHIRFEsEODIREEsITE>HEEL TLNEAM ?
S+0%Z0 ‘MNAIE. EHHEFE?

FExticat  OIZXLTSIL---. SIZHLOIE:-
SOIEXIRRE(TFELEL, D Mo HZEE
UTZEIELI=ER =T Z5EY 2K IEELE N
e BIR. TR, yes-nolEERD EFE.










1927 aARUN—FUEIR F51ZIX0K
R—T - TA 2134V HFTHLIAD
(33F FFARIE. 39 KH)

1935 EPR. > alb—TFAH—DiE

(RFHI. 32htEF. 350 h7 . 38 A . A5]LE)

1957~ 2R TFHOKIERA
RBN-Z#H. R—L, NILEFFERK,
~1980 7ANZEER, entanglementZ3:3E

(85)1995~ FAFz, TLRT—Iav, o3
YA L EFHEHRT—



1957 Everett , many-worlds
1964 Bell’s inequality
1969 Clauser-Horne-Shimony-Holt CHSH
1982 Aspect, Dalibard, Roger et al experimental proof
1985 Deutsch , many-world=parallel computing
1993 Benett, guantum teleportation
1997,8 squized light
2004 atom
1994 Shor’s algorithm for factorization of large number
1998 2-gbit
2001 7-qbit, =====x-



TA DAL BELoNE T AR EiE)
[ FEZEEZED /DO FEAT

NAT I TLEENDFEFA

EFiHE. BTEE BFEE. -

212D TH/00—

o EFRANT DS
TaeL—2 X0 HIH

:_7'5% BE2EY HEFLANIL, AV
ﬁ‘é’.

£EYMEBOE 2

m ZP\“II\ N\




EPR =FHFNDik

REARNIRILIEIEZEDERIZTEEN?

IR—=T s FA2a B EHE

“Bing "D FE IR A
BRI ETE iR

EHICFETHOEH EDEH

BV EFE  RBUOER



=+ NFIIROEHMN ?

¢« hIGLOEFH=FE
TORIZT H=HDEHED
HEHLETORIEBRELTE
o IREERVKILTOERIZIEDIER

HFHOED BH#H . Evh,.gEYE
IRAESDVEEEERE GRETE)




s REATFBRVWANETS BERIEER

BANGREICFS YEFE
Speakable,unspeakable Bell

. BF NEO—RIERERS LYER
DEHEHENE
FH0 %5 BEL ., —RIBRAIE DB

o —REIFIRIBMITYERLISMZELEF R

M E

R ([ET—DD*E

—EREEREELEIISAMEBERORRE
HEAIC



YDZEBTHICE TARL R IETE=ZOHFINBLE
hlETHEZD !

HVAH XX FE=o#HR

=)

B SRR ¥ T 0EE)
e ENSERNBR

http:/lwww.hitachi-hitec.com/about/library/sapiens/018/pre2.html
ERXEEOHERELY



HEROEHRNE T3, Mz B HIZBIT 5 R THE DT
TR BB O Z 05, %ﬁéﬁ . BRI bR A AT E VWD
DIz, I—u wf*%fﬁlﬂ@z%@ﬁ&i%@c]: 5 IR RS D A% S A 8
S LTWAMNIZR 277,

EN. 7 yY—iz Xt 2 ORESEREmIEL, 19334 LK. &
RIZIHLINTWD, BEITL ELVANL TIERS ARG
TETWD, EWVWOITREDRDNIZITH 5, F%@ TR 72 AR LT
Ho b LHEATLER, & DITWETN, BEIZEROAITHTZW
TAHELEDNHITTN T LE ST AR BND

)V e =R A [T FaXx—L L TORSE BT
& B, BRI ZiR. AT A 77 U —. 20004




EEE-BEEITIVIDIY/
tHdsc A EA o) & & B AR 28

O UT=HE, EDEZTESED

\it ]

MR TEEA D IR RS T Y/ = —3
SE- ol o)
mE. EELE

10084 wun\ilt# ATESE

R I RRIOEE - RE Ty WS

T

JRFEmTODREX

MFEETE BFHNEEEZDOD REEMEFEH




)RR ETE 3R

o« TSN yNMHIBE
o A ARA DTN




T BEOERIEN KUV ER

MELIL?
[FER 2% W MMmIEZ | GREE

FI ABELTHADENEZTHDOMNEL, BT S
M. EBLHDILZERLAELY,



EFAFHEHREBAOTH
NALEAN)D, Sal—F1h—, 7‘-‘%
SwD, K>, IR e, sR—TFINEE

V)i
DAR—ILE DAL o A AR
o | BAANRITHRDKRSE
» ToV7 L 1Y Y =
IYINDRNZFRELT R—F Lt
Ji/% > : YILRARE2THE
7 IE CT SR 1935EPR/\SKRYHI X

EEEODJKHO)EE% R
) . — . =FfaT=TohY
BIEIZaAL—TAY E
H—IZ 8T 2 FIEER AN A 23D

LIt . AR E el & R J[ZHBAED



E?_'fﬁ

=FBIE. =FE=

1HILDOTo/00—

r%ﬁ(ﬁ?‘)c"lﬁi@](”'ﬂ:)Jh\brlﬁ*ﬁ@ﬁJ’\

FEDES

1927 aARUN—S 8RR F5(Z[F0K

(33F FFRAHIE. 39 KEL)

1935 EPR.>alL—TA2H—DIA

(32Ej'|l- %s 351jj'7s 38%%\ 45}4_!—"3)

~1960 1%

HR | B, "—

NILAFR, FTH’HODZ*X’EJJEEI%&J

1995~ FLAHRT—L3> a7n7ILay

R Ls



. LR

o MERIFSTEFDEZHHI,

X

LS

¢ /A/‘\ : -EZ%-'I'ﬁ':‘:"&
TRALARZIR . L—=2)L—XRJLk
% JC




HE EBEEN REH
2 IRILE—.FHE
B BREDHEXE., £E

X$R. WETRE., MNEZF /0O

xt ¥R &S
= FIEHRNIE
PR SLR.FH.

HasEa  HSHITEDN O




BEHZRRDORER

I

RYUZIET HRT7UVHALDEHE, |
[ERY 1AVELN 2
IELA:TREI &ML
(BT I1BDIZXEALL
BT D H




Py S

Humitaka Sato

% rd‘ gnul’izi h\ﬂﬂwgﬁ

HEICOZUEARD EiF’

PO ULEBEEFCITEE
Twvt—£&.

=RElS | Tl (A A 2300 [ +5)




I.l.l.l

L.Z.jj—d)'L:\IE
TRIIFEATRZGWLN, EITRZS

ron i
\ B

%L,ﬂﬁlﬂ)%iﬂ

R

i BWE, RSB BCE,
i‘m Shes kLot R



[
A E A

bl

=H ¢
.\ /)
Hﬂtiﬂ:)
—G
(3%
A






@) L o (b)

i o
| AURORAL | ,/ fnneTosereric 7 e
N PURENTS A i enereeTic T
Ej _;’ it ,fwf; IFhRTICLES/f Do
\ iy
= " ”""‘* ""'”"’"’/f" Tk A

5= ! = ﬂ f
l "‘.’r ,,,‘; !y f L GAATTIC -
1 iy~ / Al &
f i *”/"‘“ 7 / COSMIC RAYS

Jf -?‘ \\ / .,.-l""
7 vt
”Wﬂ* AN e
‘-'." ,5_.*"" \{. L
qu;..-ﬂ' "qz._--"""
XA *
- 3 i
GLOBAL ELECTRIC X %P\\l, B
-~ ey -
CIRCUIT ,,%\‘”“ﬁ; 3
Downward air-Earth current N5 \ ‘5?,.%\\\ _
— — i
density J; greater and more %'“\ 5O —
varigble at higher latitudes due to R ™ /{ \
greater and more variable galactic = _4_.)\‘____
cosmic ray flux; magnetospheric’ +L’ﬂ+— | T e atitud
energetic particles; and effecis of |=|> _—» I, represents low latitudes
auroral currents there. S ] I3 represents high lotitudes
f\T"‘""L-ﬁ...*L__ I, is low latitude convective generator
__i...-"'
e



ka7 —EBLL DR ERM
Q=So=(Ex10"L1x10°)=5510°C
C=Q/V =55x10°/3x10> =1.8F
R=V /I =310°/1350 = 222Q
7 = RC =400sec =7 min

1 TIHIEBBNUNHDS —> K
ICENENDKRHE



. LR

o MERIFSTEFDEZHHI,

X

LS

¢ /A/‘\ : -EZ%-'I'ﬁ':‘:"&
TRALARZIR . L—=2)L—XRJLk
% JC




ui-»u. "E‘I:"?"' hmg’: !"-'-:*.' .IH' "’
aﬂJu‘ﬁaﬂEEF$$f&mm; 335%?5? f B

N_HE N

2EH e

O ofaiﬂm-&

!!'FI--

q
i
3
4
i




———————— e — — e —

|
|
|

 WReR W&

| o HETHE o glr i

| ’!uﬂnﬂ_ﬂ-ﬁq wa- ek rd ey

MEEW S CRRR

AR BE W _ —

e gwy ML EDS T 7

AR SRS b o bl
o..&ﬂ ,

WiwE



HnY



20tH#C D IE =

19054
*E'LT AIEFZEE 7Aoo a3

19004
EFRE T2
ARG St

=] 1916 — %48 % 3w
40~50 #—IBH

%F

E?*ﬁﬁu %1_.[ £ nHH
19255 (AIRNT 78 HDIZHEE
=EFHFE /(A & AF I )

LG . oab—TAY
H—

i
B}



ZLDIAEFEIEIHET-DREIC

ok=gAY A,

o MIZXTHKRE? MHEWDEGN LEHBRDIRICE
 RITTBRVANIETS EBHHELR

« BARAMNLEEIZESR PEFE

 Speakable,unspeakable Bell

T

. —%Zé]%ég—ﬂ&“ﬁ#ﬁ BimEl o EER (MER) ik

o« 1M IZ57REL. —IRIER B DR
o —RIFHRERIEMERLUNZBLERD

c MBRIF—DDOXR

« —ERETEFHLEEAMERORAELBHAIC







Delayed-choice detection

FIG. 1. A proposed quantum eraser experiment. A pair
of entangled photons is emitted from either atom A ar atom
B by atomic cascade decay. “Clicks” at [y

which-path information and “clicks”™ at I o
which-path information.

Coincidenca
ireull

FIG. 2. Schematic of the experimental setup. The pump
laser beam of SPDC is divided by a double-slit and incident
onto a BBO crystal at two regions A and B. A pair of sig-
nal-idler photons is generated either from A or B region. The
detection time of the signal photon is 8ns earlier than that of
the idler.
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Bell’s inequality

If extra parameters(hidden variables)

S A, 4) A, 4)

— h =1
C(a,b) = lim v
Aa, 1) ==1
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S = lim 4= S =42
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1S|<2
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If two directions of measurment is not parallel but &

C(a,b)=<'S, |(a-5,)(b-6,)|'S, >=—Cc0sd
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S=[C(a,b)+C(a,b)+C(a',b)-C(a’,b’)]

For an example S =1+2cos@d—cos20 |
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