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des Zellkernes stark ab, wie aus Abbildung 7 deutlich 
erkennbar ist. 

Aus diesen Befunden l~isst sich die oben gemachte 
Annahme weitgehend begrfinden, class die morpho- 
logischen Kern~inderungen, der Umsatz des Kernes 
und des Nukleolus sowie schliesslich auch der Wir- 
kungsgrad des Kernes and des Nukleolus, worauf aus- 
driicklich yon HA~MERLIlqG 54 hingewiesen wird, vom 
Zytoplasma aus fiber die Menge der energiereichen 
Phosphorverbindungen gesteuert wird. Anderseits ist, 
wie zahlreiche Versuche erkennen lassen, die Kern- 
t~tigkeit Voraussetzung eines normalen Stoffwechsels 
des Zytoplasmas. Dies lfisst sich deutlich an Zellen 
demonstrieren, bei denen der Kern entfernt wird. Im 
Verh~iltnis zu den kernhaltigen Zellen werden in den 
kernlosen Teilen frfiher oder sp~iter viele Synthese- 
prozesse reduziert, was schliesslich zum Tode dieser 
Teile ffihrt 55. Die Befunde zeigen, dass innerhalb der 
Zelle eine enge Wechselwirkung zwischen Kern und 
Zytoplasma besteht: der Kern ist yon der Energie 
abh~tngig, die ihm durch die Mitochondrien zur Ver- 

54 j .  Hj/.MMERLING, Rapp. Comm. 8me Congr. intern. Bet., Paris 
1954 (ira Druck). 

55 j .  H~MMERLING, Naturwissenschaften 33, 337 und 361 (1946); 
Rev. Cytology ~, 475 {1953). - J, BRACltET, The Nucleic Acids 11 
(Acad. Press, New York 1955), S. 476. 

fiigung gestellt wird, w~hrend anderseits die Vorgfinge 
des Zytoplasmas die Tittigkeit des Kernes ben6tigen. 
Ffir eine eingehende Darstellung dieser Kreisprozesse 
sei auf H~MMERLING 5~ verwiesen. 

S u m m a r y  

I n  p r e v i o u s  y e a r s  t h e  c o m p o s i t i o n  a n d  f u n c t i o n  of 
c h r o m o s o m e s  h a v e  b e e n  a n a l y z e d  t o  a c o n s i d e r a b l e  ex- 
t e n t ,  i n  c o n t r a s t  t o  t h e  s m a l l  n u m b e r  of i n v e s t i g a t i o n s  
t h a t  h a v e  b e e n  m a d e  o n  nucleol i .  T h e r e  e x i s t  a t  p r e s e n t  
m a n y  c o n f l i c t i n g  o p i n i o n s  a b o u t  t h e  s t r u c t u r e  a n d  func-  
t i o n  of t h e  nuc leo lus ,  a n d  t h e r e f o r e  a c r i t i ca l  s u r v e y  of 
t h e  f ac t s  a n d  t h e o r i e s  a b o u t  t h e  n u c l e o l a r  s u b s t a n c e  
a p p e a r s  necessa ry .  

T h e  s t r u c t u r e ,  c h e m i c a l  c o m p o s i t i o n  a n d  m e t a b o l i s m  
of t h e  nuc leo l i  of v a r i o u s  cells a re  d e s c r i b e d  in  t h i s  
p u b l i c a t i o n .  T h e  r e g u l a t i o n  of t h e  size a n d  f u n c t i o n  of 
t h e  nuc leo lus  is also d iscussed .  

I t  is c o n c l u d e d  t h a t  t h e  size a n d  s t r u c t u r e  of t h e  
nuc leo lus  is o r g a n -  a n d  species-specif ic .  A r a p i d  s y n t h e s i s  
of R N A  a n d  p r o t e i n s  occurs  in  t h e  nuc leo lus .  A f t e r  a 
s h o r t  i n t e r v a l ,  t h i s  d i s a p p e a r s ;  a n d  i t  is t h e r e f o r e  con-  
c l u d e d  t h a t  t h e  nue l eo lu s  m u s t  h a v e  a h i g h  t u r n o v e r  of 
t h e s e  s u b s t a n c e s .  T h e  size a n d  f u n c t i o n  of t h e  nuc leo l i  
d e p e n d s  o n  t h e  e n e r g y  s t a t e  of t h e  c y t o p l a s m .  

I t  a p p e a r s  t h a t  t h e  n u e l e o l n s  c a n  s y n t h e s i z e  p ro -  
t e i n s  w h i c h  c a n  b e  u t i l i z ed  b y  t h e  c h r o m o s o m e s  d u r i n g  
t h e i r  g en e t i c  f u n c t i o n .  
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A Closed  E x p r e s s i o n  for Certain Probabi l i t i e s  
in Wi lcoxon' s  t w o  S a m p l e  T e s t  " 

Cons ide r  t w o  s a m p l e s  of sizes n I a n d  n~ r e s p e c t i v e l y ,  
d r a w n  f r o m  t w o  u n i v a r i a t e  d i s t r i b u t i o n s .  Call  a v M u e  
o b s e r v e d  i n  t h e  f i r s t  s a m p l e  a 1-vMue,  a n d  a v a l u e  
o b s e r v e d  in  t h e  s e c o n d  s a m p l e  a 2 -va lue .  S u p p o s e  t h a t  
n o  1 -va lue  e q u a l s  a n y  2 -va lue  ( w h e n  t h e  u n d e r l y i n g  
d i s t r i b u t i o n s  a re  c o n t i n u o u s ,  t h e  p r o b a b i l i t y  of t h i s  
o c c u r r e n c e  is one) .  F o r m  a l l  pos s ib l e  pa i r s  c o n s i s t i n g  of  
one  1-vatue a n d  one  2-va lue .  T h e r e  a re  nxm. s u c h  pa i r s .  
Call  t h o s e  p a i r s  a m o n g  t h e m  in  w h i c h  t h e  1 -va lue  is 
s m a l l e r  t h a n  t h e  2 -va lue  1-2-pairs ,  a n d  t h e  pa i r s  in  
w h i c h  t h e  2 -va lue  is s m a l l e r  t h a n  t h e  1 -va lue  2-1-pai rs .  
D e n o t e  t h e  n u m b e r  of 1-2-pai rs  b y  Ul t  a n d  t h e  n u m b e r  
of 2-1-pa i rs  b y  U2x. T h e n :  

U12 ~___ 0, U21 ~__ 0, and Ul l+  U~I = nln 2. 

I f  one  r e p e a t e d l y  d r a w s  t w o  s a m p l e s  of sizes n l  a n d  
n ,  f r o m  t w o  ( u n i v a r i a t e )  d i s t r i b u t i o n s ,  one  wil l  n o t  f i nd  

t h e  s a m e  n u m b e r  of 1-2-pa i rs  w i t h  e a c h  r e p e t i t i o n .  
L e t  P(U12 = u , ; n  t, n~) d e n o t e  t h e  p r o b a b i l i t y  t h a t  t h e  
n u m b e r  of  1 -2-pa i r s  t o  b e  f o r m e d  f r o m  t w o  s a m p l e s  of 
sizes n I a n d  n~ is u, t h i s  p r o b a b i l i t y  b e i n g  u n d e r s t o o d  to  
b e  c a l c u l a t e d  u n d e r  t h e  h y p o t h e s i s  t e s t e d  b y  ~¥ i l coxon ' s  
t w o  s a m p l e  t e s t  (of w h i c h  h y p o t h e s i s  t h e  h y p o t h e s i s  
t h a t  t h e  N = n 1 + n2 v a l u e s  a re  i n d e p e n d e n t l y  d r a w n  
f r o m  t w o  i d e n t i c a l  d i s t r i b u t i o n s  is a p a r t i c u l a r  case). 
A f t e r  t h i s  d e f i n i t i o n  t h e  d e f i n i t i o n  of P(U~I"=  u ;  nl ,  n,) ,  
P(U12 ~ u ;  n 1, n~) a n d  P ( U , I  ~ u ;  n x, n~) wil l  b e  im- 
m e d i a t e l y  c lear .  T h e  l a s t - n a m e d  p r o b a b i l i t y  h a s  been 
t a b u l a t e d  (in a t r i p l e - e n t r y  t a b l e  of course)  b y  MANN 
a n d  WHITNEY 1 for  n 2 ~ n 1 _~ 8, b y  VAN DER VAART 2 

1 H. B. MA~s and D. R. VtHITNEY, Ann. Math. Stat. 18, 50 
(1947). 

2 H ,  R ,  VAN DI~R VAART, Gebruiksaanwi]zing veer de tests van 
Wilcoxon, Rapport S 32 (M4) van de Statistische Afdeling van het 
Mathematisch Centrum, Amsterdam, with tables (1950), obtainable 
from the Mathematisch Centrum, Amsterdam; a/. the more detailed 
Rapport S 176 (M 65) van de Stat. Afd. v. h. Math. Centr., obtainable 
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(wi th  m o r e  s i g n i f i c a n t  f igures)  for  ~,  _~ n, _~ 10. O t h e r  
t a b l e s  a re  t h o s e  b y  FESTINGER s, b y  WHITE 4, a n d  b y  
AImLE ~, w h i c h ,  h o w e v e r ,  a re  found  to  h a v e  been  cr i t i -  
c ized for  c o n t a i n i n g  m o r e  or  less se r ious  er rors .  U s i n g  
g e n e r a t i n g  f u n c t i o n s  KEMPERMAN ° h a s  i n d i c a t e d  a 
m e t h o d  b y  w h i c h  t o  c a l c u l a t e  t h e  a b o v e  p r o b a b i l i t i e s  
b y  m e a n s  of a d o u b l e - e n t r y  t a b l e  i n s t e a d  of a t r ip le -  
e n t r y  t a b l e ;  he  gave  s u c h  a d o u b l e - e n t r y  t a b l e  c o v e r i n g  
t h e  cases for  w h i c h  u <: 40 a n d  n ~ 5 [n = Min (n 1, n2), 
t h e  size of t h e  s m a l l e s t  sample] .  E s s e n t i a l l y  the  s a m e  
m e t h o d  was  q u i t e  r e c e n t l y  r e -d i scove red  (w i thou t  t h e  
use of g e n e r a t i n g  f u n c t i o n s )  a n d  se t  f o r t h  in a de t a i l ed  
p a p e r  b y  F I x  a n d  HODGES ~ w h o  gave  t h e  d o u b l e - e n t r y  
t a b l e  n e e d e d  in  case  u < 100 a n d  n <: 12. Some old 
work  on  p a r t i t i o n  t h e o r y ,  t o  be  d i scussed  in a n o t h e r  
paper ,  g ives  e x t e n s i v e  t a b l e s  c losely  c o n n e c t e d  w i t h  t he  
l a s t - m e n t i o n e d  t~vo t a b l e s :  EULER (1748, 1750) cove r ing  
t he  cases u <: 69 a n d  n <: 11, a n d  u ~ 59 a n d  n < 20, 
r e spec t ive ly ,  a n d  MARSANO (1870) cove r ing  t he  case 
u < 103 a n d  n <: 102. 

Now, in  s o m e  o t h e r  w o r k  on  p a r t i t i o n  t heo ry ,  BRIO- 
SCHI s, we f o u n d  a resu l t ,  d i s p e n s i n g  w i t h  t ab l e s  a l to -  
ge the r ,  w h i c h  we t r a d u c t  he re  in  t e r m s  of Wi l coxon  
p robab i l i t i e s .  T h e  r e s u l t  is i n t e r e s t i n g  because  i t  answer s  
for  t h e  t w o  s a m p l e  p r o b l e m  a q u e s t i o n  le f t  open  b y  
KRUSKAL ~ w i t h  r e s p e c t  to  t h e  s eve ra l  s a m p l e  p r o b l e m  
in g e n e r a l :  n a m e l y ,  t h e  q u e s t i o n  of a c losed expres s ion  
for  c e r t a i n  p r o b a b i l i t i e s  in  r a n k  t e s t s  for  t he  k (:> 2) 
s a m p l e  p r o b l e m .  Moreove r ,  t h e  r e s u l t  a l lows one  to  
c a l c u l a t e  t h e  e x a c t  p r o b a b i l i t i e s  in  v i r t u a l l y  al l  cases 
n o t  c o v e r e d  b y  t h e  t a b l e s  one  m a y  h a v e  a t  h a n d :  in  
fact ,  n o  t a b l e  is n e e d e d  a t  a l l - t h o u g h  for  u large  t he  
c a l c u l a t i o n s  m a y  t u r n  o u t  to  be  s o m e w h a t  c u m b e r s o m e .  

T h e  re su l t ,  t h e n ,  is t h i s :  

I f  k is a pos i t i ve  i n t e g e r  as  well  as i, def ine  

~(k/i) = 1 if k/i is an integer, and 0 if k[i is not. 

F u r t h e r m o r e  def ine  

.~k = ,~w i .  ~ (kli) - ~ ( n , + i ) .  ~ (~/¢,,,+il). 
i= I  i = l  

It is clear that interchanging nt and na ]caves the 
value of s~ unaltered; hence if nz < n~ the version here 
g iven  will be  c h o s e n ;  if n~ > n~ one  will  p re fe r  to  in t e r -  
c h a n g e  n~ a n d  n ,  in  t h e  e x p r e s s i o n  for  sk. F i n a l l y  def ine 

A(s,O) = 1, Al(s, 1) = sl, 

s~ - 1  0 • • • 0 
s~ s~ - 2  • ' • 0 

A(s, u) . . . . . . . . . . . .  for u ~_ 2, 

Iis._ , s ._~ s,,_ s . . . .  (u - l )  
} s u %_, su_ ~ . . .  s~ 

from the same source and written by D. WABEX~ and C. VAN EEDEN 
(1955), who give an additional table slightly extending the preceding 
ones, 

s L. FESTINGER, Psychometrika 21, 97 (1946). 
4 C. WHITE, Biometrics 8, 32 (1952}. 
5 D. AUBLE/Bull. Inst. educat. Res. Indiana Univ. I, No. 2, 39 

(1953); cited after: E. Fix and J. L. HODGES, Jr., Ann. Math. 
Stat. 26, 301 (1955). 

e j .  H. KEMPERMAN, De verdelingsfunctie van bet aantal inversies 
in de test van Mann en Whitney, Rapport T.W. 7, March 1950, 
Mathem. Centr., Amsterdam. 

7 E. Fix and J. L. HOnGES, Jr., Ann, Math. Stat. 26, 301 (1955). 
s F. Bmoscm, Ann. Sci. mat. fis. (compilati da B. TORTOL St) 

7, 303 (1856). 
s W. H. KEUSKAL, Ann. Math. Stat. 23, 525, 536 (1952). 

a n d  
s*k = l + s  k, *s k = - l + s  k, 

whi le  t h e  d e f i n i t i o n  of  

A(s*, u) and A(*s, u) 

be i d e n t i c a l  w i t h  t h a t  of A(s, u) e x c e p t  for  t h e  s y m b o l  s 
b e i n g  rep laced  b y  s* a n d  *s, r e spec t i ve ly .  T h e n  if u be  
s ma l l e r  t h a n  ½nln I: 

-P(U12 = u ;  hi,  ~zz) = P(U2I  = u ;  hi,  n~) = 0*x I ~ ! / N l  u I) ~ (s, u) ,  

P(UI2 <: u ; n 1, n2) = P (Uz l  <: u ; hi, ha) ---- (~ll ,2!IN l u I) A (s*0 u), 

while  if in a d d i t i o n  u > 1: 

P(  Uli = u ; n l, ni) - P(  Ula ---- u-1 ; n l, hi) ---- (nl I n I I/N he l) A (*s, u). 

For example P(Ula G 7 ; 49, 2) ~ 0'015686, 
P(Ux2 ~_ 23; 21, 5) -- 0.028717, 

A se l f -con ta ined ,  m a i n l y  e x p o s i t o r y  p a p e r  w i t h  p roofs  
a n d  de ta i l s  on  a p p l i c a t i o n s  is b e i n g  p r e p a r e d .  R e s e a r c h  
on  o t h e r  c o n n e c t i o n s  b e t w e e n  r a n k  t e s t s  a n d  t h e  t h e o r y  
of p a r t i t i o n s  is in progress .  

H .  R .  VAN DER VAART 

Zoological Laboratory o[ the Universi ty ,  Leiden, ,4 ugust 
23, 1955. 

Zusammenfassung  

Gewisse W a h r s c h e i n l i c h k e i t e n ,  we lche  in  d e r  A n w e n -  
d u n g  y o n  W i l c o x o n s  T e s t  ffir d a s  P r o b l e m  d e r  zwei  
Stichproben wichtig sind, werdcn mittcls eincr Dcter- 
m i n a n t e  geschlossen  a u s g e w e r t e t .  Diese  D e t e r m i n a n t e  
w u r d e  b e r c i t s  v o n  BRmSCHI a u f  e in  P r o b l e m  in  d e r  
Theor i e  d c r  P a r t i t i o n e n  y o n  g a n z e n  Z a h l e n  a n g e w a n d t .  

E l e c t r o - o p t i c a l  S h i f t  

L i t t l e  work  a p p e a r s  to  h a v e  b e e n  done  o n  t h e  p ro -  
pe r t i es  of l iqu id  d ie lec t r ics  u n d e r  h i g h  e lec t r ica l  f ields 
(d i rec t  or  a l t e r n a t i n g ) .  T h e  ef fec t  of a n  e lec t r ica l  f ie ld 
on  v i scos i ty  t, on  r e f r a c t i v e  i n d e x L  on  i n t e r n a l  f r i c t ion  8 
a n d  on  t h e  op t ics  4 of t h e  s y s t e m  h as  b e e n  s tud i ed .  I n  
c o n j u n c t i o n  w i t h  r e sea rch  on  l iqu id  c rys t a l s  5 a n d  l iqu id  
d ie lec t r ics  in  progress  in  th i s  l a b o r a t o r y ,  i t  was  o b s e r v e d  
t h a t  a b e a m  of w h i t e  l i gh t  pas s ing  t h r o u g h  a l i qu id  
die lect r ic  c a n  be  sh i f t ed  in i t s  p a t h  u p o n  a p p l i c a t i o n  of 
an  e lect r ica l  field. S ince  work ,  to  da t e ,  is of a p r e l i m i n a r y  
n a t u r e ,  t h e  p r e s e n t  d i sc losure  m u s t  be  l i m i t ed  in de ta i l .  

A t y p i ca l  cell  used  to  s t u d y  t h e  e l ec t ro -op t i ca l  s h i f t  
cons i s t ed  of a 50 m l  b e a k e r  i n t o  w h i c h  t w o  s e m i - c i r c u l a r  
m e t a l  e lec t rodes  a re  i n s e r t e d  a n d  he ld  r i g id ly  in p lace .  
T h e  e lec t rodes  in  t h i s  s t u d y  were  m a c h i n e d  f r o m  brass .  
These  e lec t rodes  a re  of s u c h  a size t h a t  t h e y  fill t h e  
b e a k e r  w i t h  t h e  e x c e p t i o n  of a s p a c i n g  of 5 m m  a t  t h e  
c e n t e r  of t h e  b e a k e r  a n d  a re  m o u n t e d  so t h a t  t h e i r  faces  
a re  para l le l .  T h e  l iqu id  d ie lec t r ic  u n d e r  s t u d y  is p l a c e d  in  
t h e  space  b e t w e e n  t h e  e lec t rodes .  T h e  s p a c i n g  b e t w e e n  
t h e  e l ec t rodes  is n o t  c r i t i ca l ;  t h e  i m p o r t a n t  f a c t o r s  
con t ro l l i ng  i t  a r e  a r c ing  a n d  v o l t a g e  supp ly .  
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