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~ @ ~ I & & - L & ~ + ~ Z J & &  -. J i - 0 4  iJy &JI <>lJ I  

L j L 1  -1 IG Jy I >  jj+ +\Jj @ I j  9 &- 6 '+U 

-!A Lf*? ZCkJl i.,L'i *iJ WI bfl GI a$ i J y  JJi  o*. s1-5 

JY L=L& &L.i dl ~+-&1 L L J ~ I  3 J wl L L - J ~ I  J 

'I+$ cg+ & > I y  , d l b y l  j c L - 2  ,LJ c r L c  

. p i J i  c j  GI> ~ 



q ~ i s i "  s.J& $ ih ~ L Z I  2 GLI J~ &iJ ai + 
t$ 61896 yb 411, 3 [ ~ r e n c h  Academy of Sciences] "*$I l&\ 
k > j p  +-j& ~ 6 %  $b -+, ; i l  JA ..j + &*- = I J j  

kS ~[Ecole Polytechnique] "i~*rll awl +'" 2 LA% ;+ 
J$ ~[Academie Francaise] "++$I  v-JK!/I" yi +s Lq-J-5 di 

. I 1  ~ u s e e ]  "&I 3 .&dl &J ia, FYI -+ k n ~ i  

.& l.k G+ Ca;i dy LSJI d j& ;rj . [dlHistoire Naturelle 

'41 =+, LC@~, L G & & ~  2 d& iyl &i & p d 
IrL d .@b I& J.S& a15 .r;u &W A h  a/ + 'pi C ~ i  2 jLkr 
g ~ -  24' ~ J L L I  +. a\ y- ;, $[,+I] p . ~ y \  L I , ~  f++- 

d & 3 , y ~ + h ~ ; p +  =ae 2 +- L & ~ I  4 1  G y J  

L $IJ, jn ~ J L + I I  tlrtjl LIJJ &A& &+ Jl, &;S .+ j.2 r 
.k , y i  



J+Y & j. I)b A- { .?&& yl-J& J& di s L f  UiCI di + - I 

'UI>I &A! j .c J_lj~ j +1J@e2 ji $Y\&,&, aa LA '41 i r f i  ' 

41 k d  j. OAI c A  '&+I gpjpl~ u;~p LK.. J"J ir9 

YJ .&FYI & h-$\ 0 - b  *> &i d . fb) el 
fl i.2 ~ k y ~  t j  ?%I j d l  a h  d J~ '41 ut 2 ~ -  t &i 
& r k y l  A- { .LUI 4 3141 j Jz, 3 J JLL/j -1 GJJ1 

.LA 3 d 1 2  ' G j j  I&& & cd$l , ~ l ~ $ l  , Y j  

a t l ]  .dp L JS Jrri 9 j 'Les rayons nraniques hi& OL 

21 unique L L S -  p;j - 41 -. 1L JJ+ t i ~ $ . I  L ; I ~ ~ I  

.[+I +- 

J! I&*L ' iJW\ L J I  4 4  jz o&YI Les rayons uraniques +-G { 
9 

&IS JA .Li) + ad 6. J& h- &a + ~ f  b q  4- 



LJL r4 d+ ds 41 ~ [ ~ a r i e  Curiee] +J$ g J L  8 Y-@\ o*a 

.rJlj J &;*. d K ,  blyi .  a aria Sklodowska] LJ& 
+ij LJL & '#,>I +I j c2 cjy A\LTLK Idy d y j  

i;ji ail- .*id& J ~S.-,P 4 [~ronia ]  'ij3 L p  JY~ 

c+jL d+pII b L  21 L L ~ L  &j 2 '&I &IJJ  LeJL. J! 
p CJUU~ & j 4 SK >I ~~~~4 J 3 .aL+&>Ij LI,J 

i 

>JI di+ i$L.J\ &I LS .GY Ih bJL+ +GI LhJj9\ 
\ 

,+ .L+ ~ Y Y I  %&I, r+ j i  '+ Li $L li! iisp9~ 
u 3 y j  d . L  .oJkl G.9 LLL ';J4;IJlj i&l cdJL di 

d 9  1L 3 s  dkr, ~ 4 %  j b pj '[Pierre Curie] +,$ 
. + - + . J J L - . i l j C & d j U y l y . + U L j d & -  

LAL '&l-91 d @ l p  r$lJ$ dt 2 J+&. L&* di a,> 
' c l y  & i j>UIj ~ L t l \  td~iJ.1 I ./ jU pb3 CI(. + J$ + j L  

$ ' 
ty 

I \ \ I L , &  j .i&L J-Ld SS li! L 24 
&I lh ;=Ij 6 u td&. & L5 'iki; rplJdI ~ J C Y  J.5 d/ d l  

~~1 a h ]  WI ~i .r+~J3 & G-+-+ y +JI ' - 6 9 1  d L  

si di 2 'L L a s  ,,LA\ p-I r~~ ,41 ,[ry 

b3G $j 'dJL  &&La- -L &A. dlck! j h -  & L - 9- Lt 

r+r\ jj,Jl 2. yi ' i r ~ .  + jL  d i j  ~ ~ - 4  .&%I J+?~ .I+ 
. Les rayons uraniques 





Jj> $9 siJul G ~ $ G  Jb >* &w .MY\ Cil j rP>\>\ \A 
21j c;K $1 i-Y\j +& ? > T i j y  'Gu 315 dill &JI 

241 j J$ .I900 y b  &J& $ [@I 2411 Great Exposition 

yb GJ\ '[Samuel Langley] P Y  &* &-y(Jl cLPijl {b  

3 jCki Lq);ih g .\A\ -i ~ r .  iju y . ~  

s i  p ~ 1 5  lil" :d+, ~ s l  L j. JdjJ '+I +A&, . j J l  4 9  
rr3\>1 31 9 .;-+ 3 "J" + L~-L.\I d\ I+ &L+ $1 '[>GI 
. " ~ i * + i + l ~ c ; ~ I ; I  .&;jli &/4iLPy*3-@-b-3!&i 

+. 4+ d! q k y ~  ~ W I  3i c~,z~ 11, I-- 3i .LLU di 

.Il;L.TG&&l+ JLbi iijjg ipLli 315 41 --J Y 41 



L$J$J+. 6 1903 y k  2 . G b  ,b- qwyl bL2-h dp 'Ui 
+- di @c; J,&.ii o&Q Cr>I>I  ;r. &- k.i+ + +&L L-i, 

&UI 2 &$ & d . a w l  +J> J! h- $UI ,y i,+ i+ 

British Association for] " F l  p- id  &&If' C k   dl +dl 

2 j.3 IL dlS li! L JGL;! &%I 1-1 [the Advancement of Science 

Tc& Y 3 r%UI LL+UY\  G U I  &I J-e+ .&LA\ &&I 

&-Q&I +,iOj$Gi,-i+~ 2 G ~ i ~ i + d ~  &->\ 
l a b i  d+ ,y 3! >J>JiJ cj JI .\& j+ j bJj. J 

Ic . J! >JyJiJ $4 . h3 6 GJ+, 6 vj [Ernest Rutherford] f c 
& k.lJ*U ';F;~P$I al&l dl(lr isG + I J >  i~%h*l 6 1897 

@-ill, - .$.$ i-p.4 Uls &I +dl - [J. J. Thomson] y J .$. $ 

~ ~ 4 ~ i ~  &, . [Cavendish ~aboratorj] "@&a!  +\" &J d\-k'i-i)s 

Y yL;, &i 'd& . iJ>L ipj J i+ f. 2 

















ir?&lJ LA.JI t& & &+ +JL &, 6 191 1 y l s  j 
d s  .- J .y-.s 4 & d,$yl ~ 4 %  @ j jd E>& 3 

cS&$ bk j JA=vl &GJ @ j j l j i  ~1 [Niels ~ o h r ]  Jr 
. ~ + S , i u k i j . L i , ~ ~ ~ ~ & f  46 6 J G ~ L ~ ~ ! ~  j & I  (gP& 
OL,$~I di Giji bd>u\ 4 .&lgM~ 3 ~ , > i  r;5 *i ~ ~ 3 1 5  

(~041 p\> "\ j. &?i ,i SF- bi, [+#\I J@~ J*L 
(GU +- .+sf 3 &\, jLJ\ GL$ & 

2, (oL;,$~I &w\ l;> J @ ~ i  'L JY, ip ?i 

.&s- ss+ -\Ju LS+- &"I C+ ,+I d p l ~  +hi 



& 'alp $ t h l  d .;JU w- 2 G& >JjJ jJ  

>I*, [Gans Geiger] y-+ jib +oL1 &j &.! dl5 

4 $1 a h   pi @-I JA .a1 &lcu! &p GU >A- di '(- 
S J L .  y d  GIj L p Y j  .&&I iiLzlil\ y. a ~ r  &-i-, Jd '06 j$yI 
~ ~ + & ~ ~ ~ W i i i l p * ~ " ~ ~ & i ~ i ~ ~ - d i ~ g l ~ i i ~  -- 
J by dL;, .r,tlgll &IJ; >J>JiJ d l  I& j i  rorJjI 





djJl> d$L, jJ,Ls- p ,,>,i, dlS 6-L $ ,y jl, 

@l j &- djJI> d U  .,@I dlJ -+ ([Charles Galton Darwin] 

iJ>li kli &! .& i>L b,,, .IJi wF Wi a 4  16) aLi 21 
?Ui;il + A+- ( d ~ y l  + j .i+ -Ij+ i l j  ++ dl &- 

xi+ ?I* YYU giw, &i p 3,,1> +- &+. . . ~ g ~ i l b  L- ai J+ 

2 i* glb *- L ~ d \ ~ d l  $ ~ L , $ Y I  r ;,$Aj 

ej uj $1 GJJ i-,-z-+ di &L d s  'WI oh Ll J4 .iy $ 
.al,Ul j ali,$yl 



A d \  JY CPl A .+I41 j &L*llJ ie,&\ i J d - I  0 6 4  dJj & 

6- L JS . O ~ A .  GUI ,y J*i & +- di ~L,$>I J,a. 
'LL ;JL p= LIT U& 9 + .L "6" d ~ &  GUI j- 9 

OL 2, y! ba& $I df,$yJ ylb yr &- dl +- Y 4~ 
+- dl '+!I +. kb~ h. A J9 di LW\ .@I >JIA\ 

LU'I;~L . ~ ~ ~ ~ I a & b j k ; $ ~ @ @ l ~ ; ~ - + j i  

~ 3 2  $ *&.$ J! FJ '4 k. &Jl L ~ Y  b 4 '>IJ 

dK + 4 dJ; i i i  ' [~argreth  Norlund] dJ,i i..?jJL 

.l*,roL, qlb 





i? d~m .A- j i  d ~ t j y \  ,L.y ++ +- ~ g j i  ir& Js 
- .  

.&dl y' #I 0 9  j &I9 iLe. b '&=?&.$ 

di;J$)U dJp d l 5  Ii! L J+j JL r&vl iri 4 . d l  

>L vb d9 G& # y' +-& ~6 G- 2 ;>Fj!&\ 

dr-? Y 4i& %- -3 .& J -41 4 hiul btkzJJ [Balrner] 

. 4 _ 6 ; 3 - > + 1 J ! ~ i +  'SLUl.ja& 

d i  J j  .[dQAi ~ I I X ~ L  &I J & d l ]  GQAl j9 dl5 l ~ i  & Y 

[Joseph von ~raunhofer] j + g ; j j  &jF ) b 4- 
J! r v ~  jl 'ji+lvl& di i r r Y  ,& j. r>UI 

'lk~ ir;;S\ Uj . ~ & d \  LS-IJI b+l &d a k l ~  >s . + + v b  
f 

J "- L y Lp4 y;w &k ' L & L  ib+ >ym LAW\ r+l & dp 
c .  

J -- kJWi >+I yj .G +T+. A. I+ ' 4 1  .+ 
','& aky 3 & (hj ih-9 Gh. & I:+ +j 6 jw 
> , U s  .+ j+l ! L + ~ I  d t j l  iF i d 1  rr>+l i p S  :,pi&\ i > S  

. aJ$l 







& Js w- '&I+ . b y  $L m-i h\ -1 PSI I& > 
1900 rk LLx r~ GJI ;ti> ji;, *i, hi jj141 ill- r k y ~  
ak-j J Y! i i lb ;,dl L b  Y j  J& Y 'C;U .&GI j 2) '+i_Y 

~~~;J~~+YL+I,,-L.&I,GMI ~ ~ I G L L ~ ~ U  

.- &I J~,L+ yi 4ib ;, ~ 4 ;  631  











r [ ~ a r a l d ]  *I1 JL. ,.Lot1 +i ++D . 4J-L JY & j ' 1914 4% 3 

.eyj s-r o,&[ 24 L;U~ J! A j L  ' & I j  aGLJ ) iT 9 3  

+\ DL&>\ & 'G+ >Wl Lj 2 p- &\ 6w-F ~6 

3 '[Carl Fredrich Gauss] ,+,e d J & 3  J Js .W4>\ cL$-'\~ 
J! 'al*IJI> +A\ lib &;> ' jp .4% { L=, LFJUl 2 u L > I  +i 
ZJL J! >+I a+ &L L &I W-F ai 2 .lass ? i ~  d j  ai 
&) 4 &- +LC i-i;r~ d-91 WU -- &I 
w - F d d s  j y * I l j ~ a i ~ > ~  .(>%>A jik~+~>yJ~ 
; L L ~ I +  bi -1 6.1 - G ~  'G jJ1 .+i ciy ;y J ji a s y ~  + 
'A J! *IIJL. 4 LAj .$+ k. y5-i '"k" j ' 7 1 i / "  C+l 1 j+) lib 

>I& hi j- r J ~  2" '$ ;S~2j  IT +..>sl ijJ ji d + h J  { i~ JU 
.+WI j J~~ b+ (y If&& 6 9 4  &- dl &I+ LI '6 . J  G 



&+I .&dl pj +% dK j IL'k 4~ J> *u- ) 
r~ J . dh a ,Ij L 41 j. [Arnold Sommerfeld] * L i p  *I$ JT 
;*-,LI ++.!I d ~ .  Air-. &I '+* j ;.I+\ j. I;& +i i.i 

3~ * +&I UI j *-\ $+ 649 JI,~ d~ d . J G . ~ ~ j  

d a l ,  jb>I di J> J 3,k-  + . ~ i  dj+T.6g .L& 

VJ 4!+ J> J&&l Ji LJWi ' 4 1  & Jy iJi &J& * A 

jG!" +S YL ;;\+I & EjJleJl I*. iJ& 3~ 'ejy Jy o J j c j  yl]l 
I 

*% PJ y k l  Jy * L i p  +I 'ey & ."@ .Ii. y r& 

i+ *II~L", j~ l t  'J+ p, '1914 +i j 
d i& j& ,+72+LJ+d~~ i> .J ,$d \d ;+  

& iy$l 6 Jj\ .kJ/ & j &I ijk\ d+. 3 

I "U? jykd\  + + ~ d % ! ~ ~ ~ ~ + & ~ i J ! r r p , & ~ ~ + , ,  

$ 6 - b  I;+ ls~b 'Ai J! &I * .&)J & 
'11 

6 1 i i I 'iik G+ J3 LY .++I $4 J! 9~ 

J! iGJ J+ ."b &$..c JrL 4 b  d&- dl J+. LeLCI I*. 

.>L& i;K 21 4 j * i l  J! iJb %I 'JUI CI GUI 



+$I i,ki LGLI~I  r&AI  b~,i  J iil J,! ,> ,& h. 
k;ii;b r _ k l + - d i j 3 ~  L L . . S & + I J ~  . a y ~ y ~ + ~  

u Y 

+suj r b A l  &j*; c k l  jLc &Lj '+- +JJ ci;- . i T b ~  CS1 
j i i .  '&I 

- 
di > $ 4 4  pu y-- & &&I gj -L i+ .OCI,I 

&WI $/-dl L+I cX! iJL +l>L' & C r L j  "Id1 ++\ I 

.-L J,! byJ& lJ>PJ J b*i gi,: kt jr v j  .cji;'I 14 
;.*zjl L+) ++I J ski .I,! 3 4 1 3  t$ dl5 >J>JiJ ji J~S 
i l?J~ L(~LII d L+LG 21 c~~~ + a ~ \ y ~ \  JL, P J 

.d dlG! 



3 & > I . j J + I u $ JL 

j [Albert ~ iche l son]  ii+ oAT&yy~ i ir d l  (qir 
& 3 ~3 4 21 h3pll &+I ji 1892 ?it 

d I 3 3 >  *j 2J-G L& a+- 31,bk L&.~L & &i - & j3j4 &+ 
p&, is, & 









2 ~ - A  3 s  (b hJj.bJPy\ & '+&>I c & A I  4 v&/J\ &J 

L+'-b2 a l j G !  d s  .+YI L g I  L J L  &, JJ , > L V I ~  >ky  
&-+J ~YU&~J ' i i&~dj '+&L,/I 3 cipUI +.s ?U\ 

d +,A cl-d G A .w. fu~ -- \hi 6 ~ + J  L F I ~ )  

&] mens sana in corgore sano 6 i . L  6%- i j3 c J ~  'l/b +$ 
1s &t- Y~ '&*I ++Yl '&+I & .[+ y p_- 
+$Ij 4 2 1  - ;-&I $\ ++ ,GI a+ *61 .;+hil rlScr/ jS 

1;- LLG & 21 4iJjU1 ir&+l jS djLA '+ yLs . L!& .... - ;&.& 
L;hr 2 c & ~ g - I '  c&Al%+ '&+I +JI a p > j I  *61 .l/\j;Tjz 

i.uJ 3 1919 r k  J .$.& & d*h '&pi1 >,>,j, iii.! ij 

.G+ a!+ -&&I &+\ '&AI ++I - ++\ di + -u $ ~ s  J- 



&%> IL\~ &L dK 'I& w1 14 + 11914 )$ J 

Appeal] "i+l { Ldl ++ J! ip>" & \+, I;,& L6;j +-, 
+dl '&$I dLJl I*. >p d .[to the Cultured People of the World 

a+\ @\ +L 12w\ C & j !  4 3 $ 

41 GkJI a l j G y  dllyl A- &-dl rl+YIj CGLLYI ; j U l  J 

--,LI\ -41 p~ OIPI r~ 9 ~LJ I  I*. ++ .iL Cj iii ti + 
d l  I U d d 0 3 %  3 .L& 6 s - J  J 

A Z.&AJI &$I, ~ A I  dl +G *,LG \,&i LA '$IAY\ I*. JS. I,G A 





- 
LK, 041 '&GilS+. +I i+ 1919 ? l ~  *g;l 

LS ~ % Y I  d l J  -& & & & A +I j LWI 

G j k  $41 GL& &) &-% &I+ -. 6 - b  +%! &IS> 

dl 4. [Arthur Eddington] d+>I jJ jLLJI U l )  Is lpL ( 4 1  

~>JJ>J 'kGiPd,J! "91 2 AI, &.J .G.+ d L  d~+- i q~ i  

-3 L+J*; @$=xi\ bkrJI, +I c;G >> 41 4 ++z j 
+?,j!&~,iu;t, ~g&b,js(,j! > C L C + L ~ ; ~ ~ ~ .  

i4;11& @ymr + j &-i &- CUi *U .%#I >I$ j 

;F d-4 '&y-y.!I 0 1  & J ~ I  dK-4 tLkslJ 'cJ3j d 
& JJ+OLI &A &# 6". $ +)I 4 4  di 4 .+GLI O+ jIy 

+- &GI &K '%,31 u- .& j 'GILLI +I sy j 
.&ki &A \;I, d& 

~ l J & y \  & -- '& &dd'*-i $ LU\ $ 

4141 & 21% ) di ,+ L&~L.&.JI &A +- d K  &J .%>+Ij + P I  

c,J &i dbj! y! p- Y + ,,)I + &GI q s - b ~  &I WI 
vJ, .A (,! L ;ia A, '$1 I& ,i ,&+I 4 JSLLLI, ij\ALjl 

- ~ - ~ ~ l , + a J S ~ j & ~ l d G V l , u + & - & ~ )  d\ d r  'P 
g~L,j t4.L al$ '[~ohannes Stark] d J L  $bur c+- 





[Robert A.  Milikan] L~Q rii '+E& 3 '1916 rLr j 
+&I m-i ~ J L "  a1 4 y & &i, >+,&I ;% s-l d& 

~ . ' " % ~ i j i i * , ; ; i l & . , , i i d ~ J ~ , ~ ;  .. ;i,;+-,fi& 

Ig. +i 41 0-1 A+ ++ ail1 - 1 ~  j. + y G,, '-1 4;i 

'ulz;" VJ, ."& $4 j Y  Gii 4 ia111 &JI 2 ,*; J J L  a - i  
.+-I aQ ~ G Y I  J,! L2i c b d ~  ,I-.& as- 













&\$-dl ,. ?c. ju $1 J . c i C r ~  e>J U& di 

di *, &i ;ry *, .&a! J ;A+ @I$.> ,& i& j I+\ 

AI;. dl *j { .&p ;rc 6 2  di! 2 [ ~ a i s e r  Wilhelm] 4 1  

c GI dJi & '@I i > L I  &I cU~ >lii d .+I *JL jp ,. 
&hi  ~r +\ PI 1919 *I,.+ j ,ii;b ++ 1% &LL! jS;- di G~LJI 

;+ ;+ & j bib& j GU L+ hi- &i .*>I, 

.rWYl el*, ~ d \  CUil& dp+, d&I+ cLbi +bJyI p' 

$, 'syi h. Z=SI+YI I,JLS &+I dY ;+ ;+ &a d 

.k&i J- Y ~i +bJ! j \++I LIJml I* 

'[Weimar Constitution] ik; ;rc d%)[I 1919 J.k,si + 
I,S+~II ~JAI d~ . l L i  L- A- { @\+-d~ G ~ -  a s  ~ J I  

'%dl  &LLi +,G 21 +A1 a-1 jl LLLS &b &. '41 j! &i 
+l.b j J ~ I  'JU\ bi .~Ls?I+ -4 <+ 1&- @!&dl !,+GI, 

.u 9 4  v" & &.b $4 Lg"3 @l$JI J i i  'GI+y\ 

d 6  j 6;- &&I & &*I @b d K  'QUI U I  a&&\ 2 
. L+ '-4 u-. { d i l l  ' J ~ I  LJI r\ J 



d~@\ & :&? r ~ 3  ir. & b b ~  jL Uj & 
j. J L Y ~  .++ &I;. bi & u,i. +- biri & +WI 
J,G 'G~,JJ~ J,&l yb 'y ' 5 ~ 1  oh+ J! ?&lj ir,JUI 
LIJ> 2 y . i d l  o Y W  3 a o\>\y b k l  -4I i -d  

&Jdl GI] Atomic Structure and Spectral Lines Jlqu. 
. . 

*. & 0,- 4J - Gt-. @b dF - i - [ u W 1  

. L;il &A&, &1$13Kil$ @b, ?Ui 0s J.5 4 +I GJP 





36 .+ 14 ~ U I  #,,$ #I A- A- { &i 
G tyi 3 L- 'QWI & I , . + L ~  b, .b, I;,>, 
J>L;I jy, Lk;j d6" .&I ely 3 ~ 1  c& WL & 

I& .i+I i.lf.WI U c+>b &aj L, ' " s l , + J I  Jy 
,.E d6 $1 iJUI j $1 && $I+ & 1,&lJ &ir +% ,& 

Atomic Structure k $ @L +% d .+ +- J&. 

j c+- { .J1,--4 4GJ @. f+ 3 6   dl and Spectral Lines 

+UI p c i Y  >& 3: !cj cJYrbJ J3 &,MI p y  LJ.*. 

. iJJl $1 && j ;*+3l 
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-s 21 ;, jjy &;.i- 3 1901 rb 4 4  2 c/;;..h jj JJj ' 

.,lrL$&*l d l J  dl5 y ! y y  cy> jjw. & 150 *; 

L Y I  (Gjk-JI L& ik A [August ~eisenberg] ;/;>b "c j i  
~s .GY ~~i u b  .>%YI qhj k j G  3 i ~ 4 1  
L..qi >+I A j  L-IJJ +&.hi ;bl+ & L&Jl Jl 

JL (dl+- 4 4  j .I++ +> +L &i ) +Y +b+ 

i ) k! L + jli /j!ll (%>I i+ &*zj -4 &i g+ '29 
.I'd> 4 dyi AG (& d 21 j~ ~j! J J j  .'ki AG C+ 



L-4 a h 3  '&j-&jGalP&iZ Lp.+.o 4 + L A \  S&\ &s 
Thomas] dL &- +il. yj &, .&+,A YI CK $ f 



+% rli &->I J! a s J  [cr 3 l i  Jg>] Doctor Faustus 2 '[Mann 

41 F" ;r '&$I >G\ +&LI 13 31" Jfi .s& ;Jr A, c+@ 

~ i ,  214 i~ 2y & L& $& C J ~  2 >+- @ J - i / J  J 

.ffd+#~ \yi +I+I + '6 '. . . -I 

Ferdinand] j L d  L&> j r &L j,d e+jb +i &2 1920 rb > 
&+ $ .fy 2 ji GWG Gi; ~j o G k J  jlji pj '[Linemann 

u\ -. oG&>I {b a[ jL;u dip 4~ g J b  j L d  js 
G & m g + j s  .+I! 3yk d y  & +\+ .&,+JL &.+!A\ 

j & >yi Js & '&I &, .p jI& p o G &  
e+,b o L L I  &- j L I L ~  .CWL i+ + &LI 

.I-;i\ d I> 3s l jz d+- a/ e+>q u-; 'GI oh + j .& 
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C '*-V 4s & 
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& .+s $ d4;i ji isJ,&," . Jli 1& 3i 
."&p- - . i w  ++ 













oi 2 ~ J i  d .@I *- L z i y  2 e J  2 ,A c+j2b ?\ 
, L,/ j ~ i  GJI G&Lhll b F I  +L3 k,UI irLL;LI & 
.uj J.Q -1 $&+I ~ ~ $ 1  ? d l  i+L '+GI JsI$I j JIJSYI 
c , k ^ & b j & U & W c j G J ! i r u l & J J v e )  

LC #I ,dl i ~,,-+b +i Lgj icjkJI JL j! !++ PI;* J! 
G L G  d K  41 , G ~ I  -L. ~ J S  $9 2 iirlJJI 2 J> j rJl &L 

+ &. J J v  I ‘"csl,iJ~ ?kl +- b o w -  
& J.i o J j 4  pwl .+\ L L ~  Js Y! ;GUl ?l&Y J-;-. Yff 6 % ~  

. ' ' + A  irLblt;,I JY &-+ +b c;eP3 







641 J+ -j &j 3 2 L$C~I  2 - 1 

.+-I &lh. $ /& ey J2i j ~ U L I  r Q L ~ ,  r W I  +A 

j .OL\ J d l 5  6 2 4 1  +I ib iLC\, +WI - ib icjl ;)i 4 

jJ2 j &I Cul JiL'lh. JGl 2 i j l k l l  ,r ul+k *, L &  

&Q GJH- 9, ~[Walther Rathenau] $1, jrtll ja91 +,&I >jj 

 MI, +i + illg19~1, &,QI O I J I ~ Y I ,  JUI ?li .+-9 
. 2 d 1 ,  @&I ib 3 d ~ u  bJ14 "1 db&I . G ~ I  

.c,J J! +& Y/ m-i & L4U1 +u +I ,+I i*a $, 



J! dJr 4 .*-F J & U I  @IJ*lI s W I  @ +/ JY d K  

LI di + ."A UL & +\ J ~IL ,+ 41 J~ a!" J+ **I 
d l ,  i+WI J &ir J G > L  di +Lc -9 di d l  + I F  

J! dG { >LLI d U j  GLLI, W I  Jr d/ LS $7 2 
. ~ u i  &.ill +LJI ihiS1, LI&I t+ 2 JY 6 .c/hj i5>kJl d ~ g !  

d , ~  & & h. .++.r [-++I VY&! - Gottingen Gelhrsmakeit 

k.r+- dK J - + r@G a+[ b.?+- { . . . + b I  '&la1 Lf' J3 d' 
.'f& (-L -3 dl5 &, $+kI &-&. + r+- 













$ ~ + - ! & ~ i J ~ j j ! J i ~ & j  J j I i y & r ~ ' 1 9 2 3 r b j . p s ~  

U. LJ&j  PI + '@gj 3  '>>]b 2 ol+k 

!h The New York Times o e !  .A L a &  2 o\+k ~L.A j. d k  
&.*k!41~1-&? L g i / , & J $ r ; k w ~ P ; ~ ~ ~ ~ & d ~  

~ i e l s ]  y $4 [Nils Bohr] ,3 ,#-dl dl &dl & ~ ; 3  ~t I& .y 

lgMy r U 1  y L& 21 'iJJl &. 3 C ~ "  dy [Bohr 

j+ OJL F~ 4> j\y L-i BL. ~)LS ."a31 jr ia& *I 241 
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JJ a. 3~ L '41 'y L:bi + 3~)- 3~ &-ill r ~ y ~  ybu. VJ 
jb G U I  d l  2 .mi 4. I& &LIJI d l ,  i + J L  &- 31 J$ 

& AlAT* JJj C C J I ~ J I  Q. 2 01 jJ -. r b d l  2 33 ijk. J$ 

ej .i jkl 1921 rls i j4  cii Ci31 j &-ill &2+i i,.& & 
J om L L ~ L J I  b2k. '33 "L ji 2 ~ o \ ~  i*c 31 ij& mi .. - 
I& il>Yl dK, b*ir 3- >Lii A b  3 K  Ci, j '@L cL5Yl 
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ow, o<i KG A h  di 2 '1920 r~ ij&~ j+- MJ >K .- 
Charles] r&F JJLA i, ,i; WI & i+Yl o l i i x i l  j -41 

o l j  i>L &= &- L+q +b d k . r G  dp+y 9, '[Guilaume 

i j4 ~i &GI ;,Y tkJ~ &GU 4i '+ dJIF >A &L 
c j+ - ,/I JYI J &= *;i '&L+JI j cu '+-i 
J g p i J c l a a a i C S J L + p j i i d Q  y J ~ ~ & C i - i l ~  

.r+l r+ -1, &= -2 4b 31 

iu4 J .~UI 4 bl 14 4 j 2 j ~ ; l  0.4 '@L\ irk, -+ 
>KJl j [Arthur Compton] 3+$ J J p  '&-J j +I, 

I + L Lt 64 &, o~,#yl 'y k+ 'y -d@ E 
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2 3 1  1 3 3 j  U I  G"jlkll3p Idj ' tUy1~3  j 6 JS i i l b  

&%I yGYl IL a!" .+I l h  A> a*$ ~ L L $  .J+f Q+ 4Jv ji 

;p& ;$I @I U ~ I  ai j & 2 ~ i  +- Y +JW~j OY~LLI A 

. e l  I& j/ 'l1++-S 

;rj '.I+% 0% J3 a y - 3 ~  j dJ+ A I ~ T ~ S  6d1 e.1 ' 
.++I +.~i~+ud '$3 2 &~+k &- Gyi j Jw- 

Physical Review 1923 ?LC $L j L d - I  i.Uk.51 a+ 

&.JjY~ ai YJ '{ U\ 2 .&+!I + &i a31 b- 21 L&-yY~ 
di ' 1962 ?LC c+3b G3i .U j) . A ~ i i b > ~  3 ~ b  I+&- { 
a+j $ ;;i JLLI k_k, b y  &,+!I OL is &Ul j bi { 4 1 4 1  3 

.(3+ cs I]~ii+ ,. ;IS di p~ !Li 
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+I ACL ~2 . b - j J  iGy + yIJj ,$ &a iyi 3 A- L+, 
dY i*, L J  jJb .\,js*h + J ~  ~r j+- di .UI oh j! c J ~ ~  
$ Sjr $1923 &,i $ bJji 2 dy [~ohn  C. Slater] j% .# 

L d & J ~  + &, .-&.$ Jl&- di J #i e. c.& 
$y 2 a s  + di .I& d,~  $+\ ?+ 2% a- 

d,. $41 r+ Jyj & &, & dJ LGY-SJ I  t k y l + &  
2% ,L .GLl a&$\ & &.ill, @ $Ii. Y &-ill Z M I  ,p +&dl 

&*I &3>1 +.- ( d k y ~  JUI &- AJ .&?I! +, +- di 

$4 ?+ SF ~9 i i ~ y  . JUI I L  irL 2 JL & (49 
. d l  @k +, 





















;& dL. J! e+%b '1924 r L  pi d '121 
P~~ aV3 . A h  + a&. J P~~ ai ,& d3 3 ai J~~ J.LI .+i 

'dj, j- &I i-ri+ a l ~ j  r S h j  o+ Jb -. C ,A 
dj.! e+;!b a s  .;hij c+j&A 9 2  (id1 +J\ +"I 9 '3s 

3 c+jb ~-44 .3Ulj w\ & 22 ;, j L ~ L - "  & 
{ .aL! ;+ &&-I y l >  $1 L+ '&+ylj Lgjdl &I +- 
PIS hi ,!I~ .&\J& & a s  A <+ G A \  
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~ $ 2  ~a ai + .& +.,, +g; Ji  +LI +#I &% 015-L L Li. 
&.+ b & I  +-Jl & Y > U l  a3+ dK Lk! .&.A1 lib & ~($3 +L + { 
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J! b ad&- Y  Y d I  4pkJ1  $UI j/ +-J - ALCLI >I ++I 

.+ G U I  LL 
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$1 'ii.l6il + b j l  o1,JAI &j pi $ .Zeitschrift fur Physik j! 

w. 'Elpl Jb '~LL I- ++LL yll '--,A ~ + > b  y L  
' 6  
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I 1  

WJ y ++J Y + ,+.it + 14" E + 3 ~  > iii PJ dL 041 
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Luh. +, c[iW +.I joie de vivre [e i+*, G] w" 
."?& j17i ~ y - i  iy d c y l +  A . . . &Yl+ 













. dLSy j k I >  e ~ i  & 6 1906 &) J LC. LC, ,&I 

y,i '+i I ~ L  L+;L jd .GI+. jii, A I L  + ' + > I  J'% 'AJj + 
+&Ll i z i  dy dl5 A, L&? J L ~ L  '[Fritz ~ a s e n o h r l ]  J p j j i .  

L \ J ~  J>& J3 & >\ p- ?I b. .esz 
yi .% q, -1 iiy\ 1920 ?ic c,y '+,+ 2 *MI +J . 

i .%I cL^U$*i ' 3 F d v l ; p d t  i\J+'%,+',i+ & 

A- t a s  J&i Z%. d j j  +@I 2 .o>\> c~j$\ 
.&+A iL1, , p y  $1 
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L + ~  3 ALLM . A X - ~ C >  &&UI OW h+ t - 4  f JY 

+ 3 YAK I;+ [Pascual ~ordan]  hJ5 J~&L o & L  + 
&J> *;Id\ i c $ $ e  ? L d j  *, . i iL+\  ,& &,+I 41111 2 Ed+ 
d J y  J! tb;l Pfadfinder irk > GLJ isG bj; 3 9  E>& 
GJI - i'3WI Jbjl tu - Dreimanner-arbeit + kcF- Lp+oi & dl> 

j b Y 6  + *r E++ j i  ,+s,> .&jj i i~ f ro i~  ~&lilp e - & l j  

. J y & ~ ~ J > { i i 7 3 F i L ~ d d * i * r ~ & & ~ b ~ ~ g >  
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Go+$l +ji J ry J i+k >i 1926 ,kj. dtly d .dj +- 
c L Y I  +JI iJ&$ zb$ ~ j i  ai J+ ~e~ 2 ci;+ a s  .@I 
~ g . i  4 r;.k$I && uG &dl &I &I .Ilajj ~ J ~ P  J! 

L y j Y ~  9 ~ ~ 3  ,LL~ d { di + .A -I & ~ U I  

.b& L L , ~  lj!, J,L; . . i ~ i + ~ ~  L+ > d i j ? + L C \  a ,. dj 
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L *iil . $ b y 1  J i*sWl J.5L i @I o h  j I  2 G G d J , & -  r 
Jj ,yL lj, 6- fIJ.,JI ;JL '\& y5-I d L  2 9 &&$I 
&&"dl iAUI ob$l+- rlJ.,Jl h* &I d l  Ad .iik + ++ 
oL&l a/ />,$ &,L 3, e- L '$GI 5)  a b ~ .  &.3 iLJ1 

*-&@I j.&eG/~+Jyf;!i . i i b 4 Y 1 $ ~ & & +  

3, .+&GI $ 9 4  ai LA -y s7 j~ dl ‘y=+l'+ 

d 4 ~ ~ 3 1  '+ +- &/ i4 + i l ~  1-i. j lS I JY i~ 

.p-+ ilYl LIT 'di ,, ?Yl .&w LM, j! '..@I 3 &lJl j i  
LJ& ~ h .  e+ o J,-q,.J i l  6~ a& j i  41 & +- 
i 2 L j  ijL: o b  J! + j/ flu ++ '+ +- . ~ G I  y 
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qI&21 .I+Jl{ +....i +.&- ' O L y >  ,I - oL+ 'y . y J l  

u L y p ! l  DL ~1 c,? +I$\ .[Gilbert Lewis] &-J &.-r.% 
J! Y *I$\ 0-b d p  ' j,q uj .&A a*- dj$yl j 

.kp ~ Y k z l  oli ' U l  04U13 jib; J! >+ J Cil*c 041- 

ks . - 3i +- Y L%I ji 331 4J4 t$j?b iLOi '&I IL A. 
jlk; AL L JJ ..ilAl ++J1 J! &- ji el jls I;+ I;+ EL 
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dy &I '&LJ\ 4 'g- IL .WI ~ ~ 4 1 -  G,$YI d+-\$l 

.j,$y~ 4sir q, yr jls & 2 p s  3k;, . iij . ji J++ 
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1 + J, & iji I*, 'qLIj LP>~+ ?\ 64 i i K  >I 'Q! 0;..4$1~ 

.+ ++a1 &Jl+\ U b  ?J+ Aj 'A&\ a&+\ +s > j k .  

6 1 Yl j 0-1 - GJU &b 4 p L k .  & - - cJl .&I-) J, >J 

jp JLj r \ j j  @I clJl 9 - &+I +I i J d l  4 4 1  ~ L l d l  

3~LJlj 4 4 1  ~ J L J \  d. & M I  jp & +jL L S  CdI jp .CdI 

& && i j ~  ,GI s;i el, yts w- , d ~ ,  & '&J'uI I" 4 .&&I @ 'g- & J '\L.L- i 4  ,jb .pji;II $ l t  j $ j 2  i)K LJ? J, 

+&I r u Y l  j. d l  ;&I $31 ;&\ iji o I , ~  '"rUI" i+ 
A I ~  ,i -&\ ~h i* A 'UI & kj .4 ?+ UL @ X+ 151 j>i 

+ Jp! &dl Cdl jp ij! .u L, &i J U y  J-- Y 4 ' i J I d l  il? 

.+I ,iUl o h  & + bLt .  ' ~ 3  -\Si Ih, 



c i L ~ . ' J ~ j ! & ~ + ~ L . & . i > - ~ e & ~ ~ & . o U ~  

2 ~ $ - ' a g & d b h  J 3 j ~ ! j I - @ ~ e b $ d l $ - J ~ "  
"anschaulichW L K  3 Lg, d k  Y qjj o G % \  C;;J Q A h  di /Ll 
491, ,duL  .4& .U $c, &I IL st. d .[PUI L e ~ ~ ~ ]  
& ij*Il jp j &7+ e+%b d p  d .&JdyI J! j lJjL J & 

: jU1 p l l  

"Uber den anschaulichen Inhalt der quantentheoretischen Kinematik 

und Mechanik 

anschaulich d$- ;.&I dlj 1-d ! " j  +-" anschauen Jull + 
PI+ ,p &dl c+>L. d .@ &! d v  $b d&- 

j! anschaulichen h j & IL, L@-% di i d 1  ;, & p J I  ,l LT 

;.W - ' l L S > ~ "  j! j JL &i \L .F- dL J." ~ 1  - ",+" 
~i.'l+dI~ OGJ\+. h.3 'LA 3 . + & d l  ++!b j$ 
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;b*. j i  CJ p,i &L,\ + c 4 4 ~  &J 21 iH ,$YI i,lUl 

LK + + cj>b f-1 '++I ~ ~ L U I  3 Q& . j\+$ 

j! +- j K  ;, '41 ,I3\ *zi 2 di .I1ijJl jF" 'Ungenauigkeit 

~kJ1 ->I j 241 yr d3, Ali?> y' J.5 ~ U I  6+1 (ci;;Li 
'bestimmen 3 Ul 'Unbestimmtheit 4JS i ~ l  ' j ;  ij9 
d b , Y l  + ~ 2 Y j  $41 fLdI 2 ZJI  jy '12 L~G JA ."J--" 

3 "tj & '[+KII] "b>ll' 'Unsicherheit LK L\ .-&>I 

~ 6 4 '  ckL. d! J3 yj 6 J3 bJbl ' d l  &b 
.+>>TI &iJ l  

Y 4iL ~cjjii. (LG + L -9 2 iijlj + "ZJI j P 1 l  3i 41111 
'GJ & ~ j  j- +JILD CF +JI, 0 4 i ~ ~ i i  GUI +&I +I A 
s+ - i ; h l d d l  - -  C L G  3 qii A b  . i ~ - i ,  J+l iyL +y pj 
. j a r  y- pj '[indeterminacy] & J ~ W I  I-+ yr '+JAY& ' - - d l  

Michael] 34 j 5-L C+ I C ~ ~ e n h a g e n ~ ~ j & $ "  *p-~ +-b $5)) 

(. [indeterminability] "J*.;U p s "  :>A4 j j i  & ;I& [ ~ r a ~ a n  

die unscharfe d! qiivi 3J-b+ c 4 d l  +- ' p l j l  c j J l  j 

sharpness '+>>I 2 i;ii!!~ 3 .+ JL; pj 'Relation 

+Lkll I-+ yr -&I . "+I+" ji unscharf 3p \*Ij L G I J I  ;,+ 

J j L L  L iiY &LC a d \  3 u\ U 41 &~-.lh C+- 
JpJ +j? k. + haS c;x? "blurriness1 "+LA\" 3i y .+jJ  
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dbu\ 2 ak j  JjL .G# 0,- 'ui ,& 
$1 && p i  f3 i i ~  'p~ i+'L OL~\$, '~ISL+YJ Q L J ~  

,l 4' ' i&AJl j 'Q.JJ1. 4 ; h .  Cgjs ,+, 'p-lJih 2 cLAyl ,& 
L 

L- i L G I  dl;I? r y  BL1 iiK .-i jy ti dlj 'LJ.5 +% $ 
&A! 2 .&/i 1 a ~ ~ p ~  +L+\ L $.- p i  &- 
dLjy -.&X A/ 9, '[Paul Ehrenfest] U p !  j j 4  y l j  'aku1 
& J4 jy _i-$al + y .pi 4 6  ' m y  ++ &" j &.U\ 

Lpkal  r h ' y  jy, cl;>b + .I'g,L1 y eJ +>I JL B b "  :"is-j' 

'&I Y+ ~ ~ ~ 2 1  pkJ iISly b\ &.I .F&.I\ j+l IL 

dy ,,YI iii, 'fl ;IS& y j k -  +L 4ii ,+ 
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~b > 'j~; 4 -y 'kY +L.&- OL~$?U LA .Lh Gk +,o 

k&bA '>&I -- L 'iIy J , ~ I  & u - 9  q c  
&pi1 i W l . 4  ~,JL-+ '& 41 'ipWI OL s K )  bJ ~bi 
'9 ruI 291  414 J1 [~ugus t in  Fresnel] cC.2 
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- ‘Bid> di JJj JL .+l,Jl $+I\ a h  JX.~WI a,21 ,5& { 
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j JU LA, ".MI O Y > L ~ I  35 J + L - G ~ ; ~ I  3 .A 
".u J+\d+-{ ~ > L - ~ ~ L U ~ ~ . . Y ~ U I  a!" '6 j i + ~  

Gi ,y+ { .,A Y, m - 9  i > U \  ,&I &+I rWI 4 { 
alas, J9, c+,b J-5 'JlrVl pk' j .+3 a+ +, Jk! 3 + 

dK&ipirJI rWI j\ c+>b f j  && i+ J+ .&Ij -4 2 
'&,dl jj &=I ai h. '>+\ A PJ '$1 &K+ j L& p & j J  

p\ii J blhli i+k 2 .LA 9, L&, ' J ~  y. $A t _ k y !  a& 
c JJ  - derKopenhagener Geist ~j ,y & v b L  6 1929 ric 
& j $  -&$ J+-(k i)K L ~ + \ ~  ~ ~ 9 1  y. J5 AS . j L g - I . 9  

aK L >J& >PJ\ fl &,U\ 'h Jb Ad .$I I&& 2 +g\ 
LS ,&I ,y 4 4  a+- J 'dJj, &&= 2 dyi- 4ccfi .I?> 

>+Ad.a>L J + i + i ~ ~ l P ~ \ ~ ~ & a h . ~ M ~  

.c& >- ai &+ BL-. ji J+ { dl P, '2 19 /.9\ &LA 











iJr 0 4  + sjj fib$ J 4ij '1928 4 4  jtj 
*, &? ..I& J! G . 9  & Jr GU G'+Y $ 

pul lia 3s 4 rL;aL J3 -1 'i#l + kl j iiJ 
C * 

iq, 3 illj ~lk;i % 4- c+- '[George ~ a r n o w ]  3 ~ 4  CJS 
+&L 'fib$ 2 i+ i j i  ;r J3 .JL .%+ I.& UCI illj +v 
d u \  &dl UI 39 6- rd\ $ i J 3 u  &7A && 

C ' 

~ J 2 4 d i t l k j ~ & i ~ & d ~ i j ! ~ J y r J ~ . * 6 i & 4 ; d > + + ~  

. G \ ~  + 6 ~ J  &I 'Q 332 ?L ;A 



in .P'I C~ii ? I~I?. 

jp yp 14 -qc2 ,f,!* c< H2,J -4 %+ d 

JAc! qcl \f\!7 3 AT 9J7 jy *&? I? %i jo 

c17 ,p -4 P 1-p \j-r,2. 6s {:, 37 if- -- !? 27 ,cc;l6\ if 13 , 

!rp -+ q q-0 if-7 A*+ cj-7 ip -d 
,1161: 6- 0.6- y% 4-q P ircf* I*?. m C+ 

5 ip q0.6 I-J ~cp 6ccJ ,-=r Ic-qc jjq cI< 

* ?+ C"c*. 

jn q-0 if-. '6% q-0 = rqFr ,657 + qJ if 
4;r IF! IS 39 q IflC lfl.7 44 i? $r cE? Ff ci- 
,f+fJ7 JAc! .. p . If% -fp + +p7 Cg- I<<q (rp O-gq 3, 

jp, l~T-8. fT -+ I? -0 !jD77 IT-JCC j4 T+% 2) jfh FC/~ 

. 71 +cc!7 f -9 CO 62 2,J AT) \p -4 yr:3 3% C ,p-,cp m4 



~ & k  ai &b- .,d w. L.+ y~ a K  czb.$ Jl dy J 
~onald]  2 3  -dLJJ j  [Edward Condon] > J \ ~ > !  ~ & . ~ i  L+L> 

rk j L&f L&Lsi 9, e4; c&l 3 jL- *. c [ ~ u r n e ~  

.I928 









' 1  o Y j+ 2 . j j + ) d y  

& ;+I ;>li J+ i& a s  --\ &, 6~ a s  && c f l ?  
.$I 5 4 %  2 &u\ $ 4 4 1  fi. & 2 JL 21 pbI41 &d 
-GL~ a s ,  -61 I&& 5~ ?*/I e - i  ;L >>\ J.A 

.I& JL ~ * l \  e + y  G\jJ dki 4 . ~ 4  



dblJd\ c4-I ' L U I  d$l dG$$h4 2 ' L p A  dl+l u- 2 
rb 414 2 .{ WI .&,i 2 j b T i \ h  $1 IS;& -9 IL +LJI 

J~ ;L> >+ ~ W I  + 2 UI & + d,>i J+I 1933 

q*rl ;,I>'$\ 3 >&I >> 2 d3jLJl t/t. ';,Lib .by& L,bj J-1, 

,IC, +I A - & ~  & + dK @I ' ~ - i  .dlulrl~, 

;,>i; Ji I JG$I j G, j. IF +i di d i-. GU, 'GULI 

4- > \-i(~ '&A + 4 j  3 >,+ -4 4, .+LI J!, iy J3 ' 

[Institute for Advanced Study] L ~ J  CI-)LI J-d\ 

'L ; ,&K~LJI*~L~~&~;~+ . O ~ A U I  d ~ & d \ j g ; ; , ! j  

+, LAJ,L\ &I + & 4i + .+ b,+=~ A, bj\j ai + &I 

& ,Jx- d .@LI J.L (y ,bL;I& 'GI, &?i 
GI>\ LJI y, +,JI ~ J ~ $ d ~  y - +a91 &MI, A,,$ >&i '&-> 
' U I ,  , & . d j L l  2 "&I, ikeJl qaL1 jJ !+ L,p y- Cjil .+', 



4 '& Jy . q G  />,+ 3 1938 ' i j . ~  LA1 d3jUl +j 

d 6~ *i i& j [Advanced Studies] L d l  a L 1 , 9  +A 

@> dJrJ LCJG~J' J'& J 4- $GJI is-Cri$'~ S I j j J I  4i.j 
. [Eamon de ~ a l e r a ]  lAb 



+,>I *I +-A kJ ;w-i +- dl J '+i dj 

36 G G ~  '/1TB a% e j  ' [~russian Academy of Sciences] 

&A 4 'bj A 'bjJ $;B cbl .Lj +& J,dl & idtgii >/b 
dJ9 CG! LL% J,L ‘O,j+ .& ,L Gi J! 2 ~ -  YL. 'A% 

6 < 

--I dl ;+I ;? . " d l  2 &I &w. j+d2>~" dY G ~ &  >yi j  
GI y ~ d i & & ~ , ~ * - ! ~ & > ~ ~  '>~ - j '  G y ~ ~ j ~ ~ ~ ~  y 

I.;\> a 6  &it\ ';hi ~i .- ++ J J+ 2 Jj 2 ;+GI iG +- 
- 4 

&I .yi is, ~ i i  *. iPGr dk! di + *hi ' L L ~ I  
J &\IL 

.llkhi ZUL, 60 iL+ j S 1 l  AS A! J+ chsi 













+ &-A J-], . l j3Uj~aJ;")j  L&+, "s+% c ~ &  2, '&- 
d J \ ~  '+A d J l ~  a! . I . L ~  G J ~  ~3+1 Li a~ L ,-+ A +A 

.&+ i j j  ,I, a& 3 cli y '&A\ ,i 





JAJ .&UI JL+I 2 (rLII &I rUiil iG l y b l  iU1 L,+ 

.Q,*il+ jL!, ky 03% i3ic.Y & pWI J k t i l  irly A% +i 
'+jJ 3, .+sLI $1 &E& L-,1 G-i &% di 4 
&I *I Jr &3 ylj Je.3 Jr "J&, +I ;p *- 

4 L  A% &I LA, 'p r u l  d$l> & dl jliVl++, $ . 
I ~ L  hi +I J , u . +  '+T*. +UI a- <L p +- 
9 Ih, - a"JAJl @I, ~ L d l  L+I L,L p G*, I:+ 

i G  $ &k. &- J +I J+ iJ,/;- &*" if7611 
.& 

+ ~ * b ~ ~ j j ! j ~ , l ; ~ $ ~ ~ , ~ & l l i  j 9 b j 6 4 i 3  J I + Y  

w\ & > > I  &+LA\ [ i y k  &ul J k v l  &- $jJy] &L 

2 +T-'.> jj ' U I  o h  $, .) WI J q.'K"jI j &+I j  i j U I  

jWI j6 L! .ak;i ~ G L * ; I  op ,J %,Lj JC' i 'fib &a\ 4 .  
+ 'o;.LLJIj JMI $ '+ d J! q_JI Pfadfindern SF 

6 "&I l i e  JL j!" .;+I gu Jy S 9 j,i j+&-, +!dl -b. 

JVY j 1  j jij;l +- Y" '[peter Gay] s 3 tJj. JjG LA 



i c k  Pfadfindern 6 y -  LK 6 JL ."+J9-\?i 'g-.. -1J1 

l J i .  j r *  !_L?+ i I i L  i k jd i j i l J i  &I+\ ... I+K y. .icp 

y2 # .dL J.5 + 'qd~ kui ;JLI J! j+. '&I ,L 
.+ L & ~ , ~ - I + K &  ' i F ~ l  LUL G L ~ ~ ~ + ~ ~  

+>I I+, i-\?+ +kJ ++ cfl ~ t s -  + ';+I WI G~ JS 

c o u  .a1&lJ Ju! & c ~ ~ L ~  +-= J+I &-i +- cj3h ats- 
I 

;its- ' a Y 9 1  iiY; JS, '%A\ i u l  j; j. cJp 'LC11 l&d &i j K ~  

.c-%! A, '+I 3 9 t.2 L + 
&? ' $ 3 ~  ej ,i 'G$ L L  ;A\ &.iLj>\ ak,Al 04 dK li! 

&G 1922 3 1918 &k J + ~ l i l  ' [~swald  Spengler] &-A -dlj j3i 
[+A! L+] The Decline of the West Ji-h$l 41 d+s j. 

31p 1.h: ciJLkl L+ 'Der Untergang des Abendlandes GULL) 

' G ~ L ,  4 L&I? 2 3 3 LJ& +I j~ .(Gp, \;L ~i 

di 3+ .i WI p J ~  $ LL; g J + 4  ++ 6h--I, & a,, d l s  dl 
'hJL1 WI j. &i hiF, AL- U-A, +L GG $- ,.& 

9 &>I o J ~  d s  .&l,bkJj  6 h G Y  'Wj C@ -91, 

+' &- a L d \  .L& iJ3i 2 e J U \  w- 6% jJ 2, .Jd\ i$ ,i 
.fi 'i;;x;l~ hw ,;,*LI +I .bM-, is$ 91 J ~ g i h i ,  'kij 

. & ~ L I  p kh; j i  qL3 5-1 j &y-i iJji  





LI & c$ $I3 c u \  $" jy d J 3  & 6, L -1 &= 
13, '6 ,l&vl aL JL dl . . . oGjAl oL d H  e- CWI 2, 
Uj dy ' L k  Ui #k *, JWl C$l 2 + Jli di &A- 

*-i ,&i IL > . " ~ L + J \  y! d, x $1 LI !L-1 + a&- dy 
."I& i+" i+&I ju: + dl J3 J3 ;r 41 2 





5 u . d  ji O ~ i  id, +I& I-.,+ 3 s  C( 4 ~ L A Y &  & +I,$ js 
, + " G l j { W I y p $  I$& 21 > & - I  .- dkj 3 l>lj *i j+- L+ 
j+ &I> & a31 I+- d.+ &i &I$\, &I+!! Js +L 

Y .+bi 2, j%- Y ~GI, jb$I A! '$2 $ hiu d+- Y pg;! 
4 ~ +  & &I, UJ 'r'yYl - +I b- J-;,$ dT ij, 
I*+ s,, ji J js L, ' i i ~ b !  & iij! 3S;i Y A& 'W I> . ;ir-dl 

"j 'U j &  dl &.dl 2 241 eJUi &++ 

+, d .b J+lJ G ~LY~L;[.\ d U l  d t h  & J+- 21 +L;?II ,.+MI +jJ 

6>L=L& cPr LJI a$\ ~ 1 2 1  J@I J &A1 ;*I +I 

LJ jL&,UjJ Jp +A,) JI >,& LUI, 01 k +I 

Y ~ ~ u , . + M I & - ~ ~ J ~ . ( ~ ; & ~ J ~ ~ ~ * I ~ L & ~ ~ ~  .- 

. G I ~  -i &i '+ ~ b y ~  d31 i-3 -L C ~ L !  
C 











&J> c ~ L ~ Y \ ~ + ~  Uj&j%&d3K&- ' 1 9 3 5 y k j  

,j+kj + '[Nathan Rosen] d j j J  3L'LJ  o or is ~ o d o l s k ~ ]  Ppy 
:&IF JGL-d .@I &A & d j ~ , + , d , j i  

"can Quantum-Mechnical Description of Physical Reality Be 

Considered Complete?" 







rgxgll kk 3;;" 6 1 3  JLL- &jjj (& 19j i3kJ$ 

d l . b & I C y + * j  +Uy&L '+rC jJ L S j d  . G G W K  
;J;t ... +>qI i>J d I  ijbl' ij! LA 13 Jb  -d ". JU-I 

,+ 'i+L\ dlk m-i & pj+ &I ."&!I by &&+!I 

J! Jr -5 . + b y 1  J! + &I J! + j i  \ j K  y+vl di 

4i! J+ i)Y 4- LC.&$ j K  4ii ' " ~ ~ ~ l l  &i;l + i I;_ &I c + 3 ~  
.I& ~IJ, 3~ &\ 9 '''Lu ILI @il' +K +- di 4 3 s  ~ 

L-i L..L p +;G -9 i)K Ij! b J<L;) > > I  & c+3iD J3 iz 

LAG &i JU-I . &L J j  J y Y ~  i J J k  $ " p L \  +I +. Jdl 
'"$1 && ik.p-Lg? 319 d @ The New York Times 

li-Y d . i s \  & g ~ i  ~j Girl 64% t b *r J 

A4 d l  2 j. 1~ w-3 $dblL1' [Edward Condon] djl,$ >JI  J>! 
.'"'&il jl' LS J! &-+ I~-IsUI 







d 2 (m-i ;$ />,$ I ~ \  (1935 p LY a+ +\/ 2 
.+,+ & ;++i L& -1 A . d l  xh- I+ s ~ i  - 1 

+k! + +&9 (&A JJL4 $ Jy I+ &I J+J\ lis 

q& b;? [&$I +u (Geiger counter] rn PJ?;14 

(/iJp "91 L+ (isL j% .L& I&+ jir y x&3 + G+. 
.MI &-, rn >I& + ~ Y I  +I +-ji 3 UUL 50 oJ*i JLI 1Jh 

&& - $ G& LUI&" J (Lgs, grio)'i a\$\ &.D~ + - - 
~ L ~ j h ~ ~ ~ , , i g l i r & . ~ ~ ~ ~ ~ ~ r J \ i - & ~ i &  

o,d& +-JI MI -, (/3,$ -iii L+ (w d;i > .JLO;ZYI b. 

I L ~ ~ , ~ & ~ + & ~ I ~ J I ~ & ~ ~ & ~ + + ~ ~ L ~ ~ , ~ $ ~  

r d j s  &i LIP 



&I .J\JI ' L I  p J ,  c+,+~ --I AS ' J i l l  +Lj 

,, &.ij ' 1936 &., d J ,+ i+ Jy +,+ 
61 I&& i-JJL 141 JL ~ i h ;  r~ PI rii ' i c i ~ ~ ~  +I 

I1 11 i ' j i s  I K . z 3  L t , .  Lt,. 

I LLYI L4 '$\ && & &>I J! 2 j j Y  j& LK ' ~y JL J* c 
>" 4L J i+ dJi 3 ,, y Uj . J+ $1 &L& CJK L ,.L j! L& a&- 21 @I &I .&&I L+ + j i  'UI 

&LA1 ikil> $5- +- iy I*. ."+I 3 .j> + LC. .&&I 

I I ]  Ttactatus Logico-Philosophicus &= 3 
j i  & j3 y rii p, -I1- j i  I& *" 'rG~ LC + *I1 - [++M 

. i,jLLl G I  JLJL >a\ j >$I C I I j + & & & b l &  . -- - . . - JY 



+I JA ..&A\ & 41 J!+ll id c j r b  dY J S ~  

i, L+ @I &l(, bfi $1 ujblj -+->a\ i i s L &  J l i t j Y I  

9i& 1964 CL kj\ [John Bell] JJ dF $ 6 4 1  { L di + . d m \  &b 

.ls!di;,,d . i , ~ l s d ! , , d p , + /  J y I ~ y . C J ~ ~ ~  

Jlp> dy aL-+..AI y. +-..L gy c ~ j j i  2 i J,L C J \ ~ L + I  
~ ~ & - ~ J ~ I ~ L ~ & L ~ $ I & & ~ ~ - L ~ & Q & - ~ ~ >  

.Ir! f + iJ& ;.. +A L J+ .L.;r*p I 1 j L & \  2\31 /pW" J 

p b  LK .w $1 && d! -1 LG a\ CJ\j&y\ 

.'MI 21 0.9 j b&I  ~ Y I  $.z J, +~*n 





- ;crn; J b I  J > ~ , A  4bj &*I& .Ji-;-yl&- i ' 3 6  &, 
J ~ ~ y & i + . ~ , ~ ~ ~ - ~ ~ ~ i ~ ~ d \ ~ ~ - ~ ~  

G & ~ I  ~ U I  di i$ - &I 1.L dl I&? mi . - J- L ~&JI 2 IL .+>I 

+-i ,JI rd~ .&41 I~ ?, .G ;LI 4 ~ )  + 
L J L J ~ ~ ~  6 ~ - f  JC) .>+ i i ~  > ~ y  j + I  k ~ f j  e k i l 2  

d i  '$-"? .G+$\ i)+ di -9 ' c J j j J j  

. ~ . = ~ i ~ + k , p & & b ; n , ' $ ~ & & ~ j C d ~  jLi 









-6' G ~ I  3&$ 93 2 ' '0111, r d I "  d Jy 3G i 1932 ?b 2 
>L i ~ l  j 41. .k&!l JWI & 3 r d L  tgr J 
Luigi] jab p-3 & i d  i i - 1  -6' iLd 3 ll+Jd~ r & 4 1 j  ci-91 +'I 

$bJb 9 dul dp'l " 2 ?b &dl ,i&-y\ # Ld  i[Galvani 

.U ;iK 1938 ?b 2 oi 2 .G+ L& ". ~ 4 i l b  ?l* ; j~ t>u~ 
L-LJ~'' js [&$I dliL~ +] 633Qlj [dLy I  +] ~ 3 ~ ~ ~ ! l l  

i j&> JJ 6! J+ ,IkYL i+ dK LP~WKj ."&+I YLWJI, +&!I 

.j,G &Iu- 61 2 .&I 0-1 jjQ JL d L++- I+ 3dd 

.JG 









j yrpy d d l  di %i I , b l  J '4hWLill 
la .+-+L JYI -6% - PI di & Y& c,+3b i*. I J~~ L ~ J  >y 
p>+{b&%$,+LJ~~&+~w-~ Jy J & I ~ ~ , & Y  

i i+ && Jy 5 u  j-j- 4 2  91 p iJc!fl \  ,AU ,J&I 

rp j l l  @I s,, 'r">+- j" "L";", i r l & . d l  j! PI 2, 
LA . u j  +L LJ t i U 1  &I L+p! L+ &&I kki-l 

.+I GJyr  pcL 2i; -i, 4hWi & I +  irLIJJ\ o h  Js 
~b 9 L ~ I  a +>I di ~ L , P  J~ ,I j! I& & &YI ~;5! iP C J  

.&I & ";ryl .kJpl\ >LL p &- j >&- Y, 2-b i;Ui 

- ,+I ji 2 &J.& LWI h. ,LI + I  -4 j. 

+>I i+ rb 6 ~ - j  , ji, .w 6~ @L ils & $ 4 4 1  { WI 2 jWI 
" - 

The Logic of Scientific 1934 rk , > L d \  +S 3 .* ,L J& I> 6 3  

> [Karl popper] 33 3 JK & '[#I &] Discovery 

L+C,L, io&+I &LO irG! , , d L  di j @Z..LI -31 C+ 
d i d  J& LA .&&+I d s  a G !  dy -- y &i 01~3 a31 GL ?I 

2* $, ' ~ ~ l j L + l ~  jG L j& d l  iki .  fly- irk&l 
&A . i + h  +$ J iP +A ~p GI> JL '&I>\ i > y  d &I 

~ J Y  * - + ~ d [ ~ . + d ~ ~ \ & - d \ a & & I &  

&-J+AL i+ *I +I &I> $, 'L&A ,A d& L+LJI 
.-\+.!I + L Ih dK Ij! 6 JL>LI ;Lby 



7he Logic of +IS 'y ic;llYl +I 3 JC. L Ih d! *L- Jii &, 
I 

+ J i l l  ?Ul $, / Y$ Jkcl *hl .Scientific Discovery 

+ i .&&I .LG di d ~ + +  i! JCI '.&&I 3 d~-. &Lf/l j 

"1 & jpfJ &I 2 b 9  ~p +d ' + J i l l  &kt! J,i \,h\ 
.ff.&&l, &I '& ' ? IY  &" 3 

+\ ~6 d$ di J,d~ J.!+ di O I +  + Z+ 6 33 J ~ i  

YL 2~ A, +>I i+ ++. GI ~ L Y L  dl3 di s &-+-- 

I S  . J Y i ~ + > i C i i  d K . d A + $ i & # o h &  

di $3 6 1959 ?b 3 421 +$ The Logic of Scientific Discovery 

i ! ~ J + - ' ~ I ~ i J ~ ~ ' j s ! ~ d L ~ ~ i u ~ %  j+dJI 

++I dp i iJUI + @I &G+ & ~ k .  4 3 j31 p &I 4ii f J  

-I & p i  +% 33 dbi 'iCii f J  . W I  ji Y 3r b2141 
+>I 3 c++ I++- di d b ~  / 'bp +L+Y '@ 

.*- i i  .&.&I .kG +.- 41 



L [ D J + ~ I  ~ 4 4 1  j GI] "causality in Contemporary physics" d l 9 .  

pd '&~Q~i ,_ l~~+e .  ..jy*ii+! 4;ide J24 
\LY .LWI b*ii~ ,i ir L ,& k2 i+ di J! 

.041kJ1+- 3 

{bhiJ*i j i - ~ ~ ! r 3 ~ d i $ & - h > i s + b i d & J 2 4  i 

2, ' D j L L I  fUl p JL &dl +- *i'@&S;ISL.$ . P I &  

dt; .4&1 Jk; 'A- a! 3, .el; $3 S=I UYLI 
- & L, '+ '+I c& G,+JI*- '&+ L c& -p+l p u +- 

L+ '+ o l b ~ j l  &pi. -, IL .L J , ~  &/i ~ ~ ; I L L  ?p' 'el;" 
AG ai .QW i+ . 3 ~ 1 ~ i  UI -.. ai .L& C& 

'Z+!+JI 2 .ij, $ ' i i r k  ai pi .& Gi J,u.4ii cr; Y j C i L ;  & 
.&I> A k a  &- 

?&LI o h  b 3  jk- 3Ul .ZL%JI u &- Y ii,Jl dp  i d 5  & 
. b y \  J &b\j b JJ! &&.!I $1 && $L 3 %&& 

jJJk &%I +Ll a,+- (,+! . 2- J L 2 . J  &.UI 'j+4$ 'y 
[David Bohm] rr &-2 0- 2 o b i  $1 &q &*l 

o L &  &&I dl+\ p .*I 0 l & L  -- L fl &I D 2 b l  p> 
+ i 4 j ii5b & a&" &I ~ L I  2, &krJ-I Jy L i b !  
UI+I ai UI . ~ L G I  p 4;&- dy L &- ~2 '+JI 

I .L&'dXJk;*I & + - + . k l c C h ; - Y w r + ! i j ' . ; d r  - 

z i F d  $41 +by1 &L+I jjj ,i h>l i+ ?%- ai +/ hi 











L+ l;i >63& &bIj A ~ I  2 2 J~ i+ JA ~jl 
&- & &>I d d j L  + & & d l  c+>b I*, db '@I >,L jL 

r~~ ei 21 241 .&@I i ~ y ~  &y 6 9 .  

+-..!I cl;! c+2b i*, JjL a b M l  ;g -1 '2003 rb  j?l- 
4 1  dl Jli *;r .;,&!I d l  yy d + d_ilI 

$&> JJ& &s $a\ $ & & 13,~ 3 4 1  r 
~ ~ j i  OYG~ Gy '&IJI a ~ -  '+,Jlj 6~u~ 2 & ' h i  

3 ~ "  di + . J& by& dl ;+GI a&+\ \+lj -&I 

r%y~ JL, LX U" iii & ' J+I uj Jp! Lfi GL>I i4 j. iip 

. l l L%l  JAG +L+ j5-I +$I d,Y 0 4  '&>p!l p,J l  &Q 'j G> $I 
- 

i,+l &jJ&&J&iii 'J+LLI\ & i ~ j ~ i d L C i S  '+I e. 
.(uj 3 j,w $j '+ %>I L. r U I  2) +>I IjP igk?) ;,&!I 



j--.* The New York Review of Books 4 1976 rk a+ ALL 2 
L $ L L I ,  pa l l1 '  J! 3JI y ~ b  GJ- k. [Gore Vidal] Jli; 
l i ,  . + + I j  a l J 4 b  i d 1  &J*ll akCl$ / L-J Y ifU1 

+- - -91 & dl*'\ ~ L N I  .;+I - ikL 

4+, ahr d , ~  p /cgu i - tLLl  j ~ g s ~ i i  &>yI iilll y J ~  3% 

&$ JG ai & cf. p~ *y - 41 I . " ~ -  

ai J LS- .++l I,,- "l;G j41,&1 c.+zb i+" 3+- 

+ J d+J\ @ Lt +,o jG! >+L +>Ll JL 

&i;ia~~i.+b~likljb d + ~ \ ~ l , i * ; r . d j c ~ , ~  

J! 'qk d ' L  a&- 31 >+- @I '~&I,>I & +\ yi +- 1 ,2 \~ i  

.&Jy tgJ= @ p 

+iU, cplt &-ill 3 j W I  j. & JJ Q>l I+ i)! J\i; iJtf! +- 
'aLaI 2 &. L l + &  rub +- +LC bp c/'j..L. iJ+ JL p- 
i*. +=+\ GIr  .# jl, d i p  -41 &c 3JlkilIiA j,&- d jb; -. ji, 
1 1 . ~ ~  >9 ~ls, C. c+31s I++ '?. $ ~ 4 4 1  
".lJ*Ii a Y &  ipl;C J +i jiu j j  $1 && 4, OK Ii! LC.&+ Y 

4 'U iJtf ' G ' L + ~ ~  I+ ?i 21 &+I+ +- dj .+A\ &,I 
.a%Ul, ,lLLl 2 LG+ 9Ly 



&b i~k!  L ,'-&I] The West Wing &U1 

dd~j  'by+ dj+uj 'by+  dl bu l  Jk> &lJ2 

oU. +YG i*sC;i~ i-i  2 .a+\, j @ UI +I &i J 

2Iy J- (Jg-h L) u g  $ *+ pb & 3 &w\ 
L4>>1.~&~lin(115*il.+.L~cJ\3"~ J v 2 C , & $  

Jki +- jg SL+ pb LL >L.+ pb :;~i--h. 

. & I j  &!&Y u ~ ' J ~ ; L I ) ~ J I >  tiu-~+&i3z.Jiijiaw1 





2 ' 2 9  .&&I p+i +, @I &&I '&-I A+\ &UI 

&!-$I &&j a\ 3 sJ$ .aa> 3- & '&>\dl &+I l h  

a& ai LA Y .-I, ipw~ ++$I J-O~ a u -  ,+ I+ kgL kg. 

$'&&I$ " l * ~ J z ' . ~ " & 1 ~ l & ~ ~ j , J p I , ~ & k  

.+ I& &dl 4-11 & CrJy 4 i-~~ij,Lt-+ b $ G 

9 '& +, ;>A24 &&+ ' LK  @ G+. &*I $41 dl 
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