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T h e  D i e l e c t r i c  P r o p e r t i e s  o f  T w o - B o d y  S y s t e m s  

T h e  d i e l e c t r i c  c o n s t a n t  (e) o r  c o n d u c t i v i t y  (a) of  a 
h e t e r o g e n e o u s  s y s t e m  c o n t a i n i n g  h o m o g e n e o u s  p a r t i c l e s  
u n i f o r m l y  d i s p e r s e d  in  a h o m o g e n e o u s  m e d i u m  c a n  gen -  
e r a l ly  be  r e p r e s e n t e d  v e r y  wel l  b y  t h e  w e l l - k n o w n  t h e -  
o re t i ca l  f o r m u l a  ~ 

k - k  1 k a - k  1 
k + x kx =O--~--X'~k~ " (1) 

k s t a n d s  for  e or a; ~ is t h e  f r a c t i o n a l  v o l u m e  of t h e  
s u s p e n d e d  phase ,  a n d  t h e  s n b i n d i c e s  1 a n d  2 refer  to  sus-  
p e n d i n g  a n d  s u s p e n d e d  p h a s e s  r e spec t ive ly .  T h e  " f o r m  
f a c t o r "  x is i n d e p e n d e n t  of ~, b u t  d e p e n d s  g e n e r a l l y  on  
k2/k z. T h e  f o r m u l a  re fe r s  t o  s y s t e m s  in  w h i c h  t h e  con-  
d u c t i v i t i e s  or  d ie l ec t r i c  c o n s t a n t s  r e s p e c t i v e l y  of t h e  t w o  
p h a s e s  a re  negl ig ib le .  W h e n  t h i s  c o n d i t i o n  does  n o t  
app ly ,  t h e  f o r m u l a  is s t i l l  va l id ,  w h e n  

~s /a t= s~/q. 

O t h e r w i s e ,  t h e  c a l c u l a t i o n  of a a n d  e is m u c h  m o r e  com-  
p l i c a t ed ,  t h e  s y s t e m  s h o w i n g t h e M A x w E L L - W ~ N ~ t y p e  
of d i spe r s ion .  I t s  d ie lec t r i c  p r o p e r t i e s  were  c a l c u l a t e d  b y  
\ ¥ A ~ E R ~  for  a d i l u t e  s u s p e n s i o n  of s p h e r e s  on  bas i s  of  
t h e  s a m e  p r i n c i p l e s  as  we re  e m p l o y e d  in  d e r i v i n g  (1). 
T h i s  n o t e  desc r ibes  a f u r t h e r  d e v e l o p m e n t  of  t h i s  s u b j e c t ,  
p a r t i c u l a r l y  a p p l i c a b l e  to  b io log ica l  ce l lu la r  m a t e r i a l s  a t  
u l t r a  h i g h  f r equenc i e s  ~. 

T h e  gene ra l  s o l u t i o n  of t h e  p r o b l e m  c a n  be  s t a t e d  v e r y  
s i m p l y  for, b y  a p p l y i n g  t h e  t h e o r e t i c a l  p r o c e d u r e  used  
in  d e r i v i n g  (1) to  a s u s p e n s i o n  in  a n  a l t e r n a t i n g  field, i t  
wil l  b e  r ecogn ized  t h a t  t h i s  f o r m u l a  is v a l i d  also w h e n  
t h e  k s are  c o m p l e x  e .g .  k =  a + i ~ n  (n: cycles  p e r  

s a n d  second) .  T h e  f o r m u l a e  for  a a n d  e in  t e r m s  of t h e  a~ 
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e~ a n d  t h e  p r a c t i c a l l y  m o r e  i m p o r t a n t  f o r m u l a e  for  a s 
a n d  % in  t e r m s  of a, ~, a 1 a n d  s 1 c a n  b e  o b t a i n e d  t h e r e f o r e  
b y  s e p a r a t i n g  t h e  rea l  a n d  i m a g i n a r y  t e r m s  in t h i s  gener -  
a l i z e d f o r m u l a .  T h e  v a l u e  of x is a l r e a d y  k n o w n  1 for 
pa r t i c l e s  of e l l ipso ida l  form,  w h i c h  p r o v i d e s  a s a t i s f a c t o r y  
bas i s  for  m o s t  b io log ica l  app l i ca t i ons .  
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Since x d e p e n d s  o n  k2/k 1, i t  is g e n e r a l l y  c o m p l e x .  For  
ou r  p r e s e n t  p u r p o s e ,  we are,  h o w e v e r ,  ch ie f ly  i n t e r e s t e d  

i FL FmCKE, Phys. Rev. 2¢, 575 (1924); Physics 1, 106 (1931). 

A (a, a I) B (as al) + a (~ ~1) B (~ ~1) n~/,+ (x+ 1) s q e~ (%/~i -f~/sl) n!/4! 
[B (65 ffl)~2+ ~B (~2 81)] 2 n'~/'t 

(2) 

~le~ = A (a s ai) B (a s a~) + A (s~ %) B (e2 e~) n % -  (x+ 1) 2 0 a~ (adaa- sale1) 
[B (a 2 a~)]e+ [B (e 2 el)] 2 n2/a 

(3) 

C (a al) D (a ~t) + C (e el) D (~ Q) nsh + (x + 1) 2 0e~ (~/o'l-- s/el) n2/4; 
[D (a al) ] ~ + [D (e el)] 2 n~/, 

C (a a:) D (a a~) + C (e e 1) D (e q) n s / , -  (x+ 1)2 q a~ (s la t -  e/el) ; 
[D (a al) 32+ [/9 (¢ sx)]* n*/a 

(4) 

C2/C I --- (5) 

A (h 2 kl) = (h2+ x i x ) +  x t ( h ~ -  kl); B (k s kl) = (k2+ x kx) - ~ (k S -  ks) ; 

C(kkl) = x ( k - k ~ ) +  9 (k+xkO;  D(k kl) = - ( k - h l ) + o  (h + x  kl). 
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in  cases for  w h i c h  x is real .  W e  o b t a i n ,  t h e n ,  t h e  f o r m u -  
lae 2-5 .  

T h e s e  f o r m u l a e  a re  v a l i d  for  pa r t i c l e s  of s p h e r i c a l  
t o r m ,  in  w h i c h  case  x = 2 x, T h e y  are  v a l i d  also if t h e  
f o r m  is n o n - s p h e r i c a l ,  p r o v i d e d  t h e  p a r t i c l e s  a re  al l  ori-  
e n t e d  in t h e  s a m e  d i r ec t ion .  I f  t h e  pa r t i c l e s  a re  e l l ipsoids  
(ha l f  ax i s :  a, b, c) t h e  v a l u e  of x c a n  b e  o b t a i n e d  in a 
s im i l a r  m a n n e r  to  t h a t  used  ear l ie r  in  t r e a t i n g  t h e  case  
of r a n d o m  o r i e n t a t i o n  2. W h e n  a is p e r p e n d i c u l a r  to  t h e  
e l ec t rodes ,  t h e  so lu t i on  is:  

w h e r e  

2 -- abcLa 
a b c L  a 

O0 

L~ = (a-~+2) I / (a~+).) (b*+)0 (c~+~) " 
0 

T h e  F i g u r e  r ecords  x for  e l l ipsoids  of r e v o l u t i o n  of dif-  
f e r e n t  axis  ra t ios ,  a r r a n g e d  w i t h  t h e  axis  of r e v o l u t i o n  
e i t h e r  pa ra l l e l  w i t h  or  p e r p e n d i c u l a r  to  t h e  e lec t rodes .  
A l i m i t i n g  case  is t h a t  of c y l i n d e r s  a r r a n g e d  para l l e l  t o  
t h e  e lec t rodes ,  for  w h i c h  x = 1. 

I n  t h e  u l t r a h i g h  f r e q u e n c y  r a n g e  of p a r t i c u l a r  b io logi -  
c a l i n t e r e s t ,  t h e  ef fec t  of t h e  c o n d u c t a n c e s  is sma l l  a n d  
we h a v e  t h e n :  

,~da~ - c ( e ~ )  ( x + : ) ~ e ~  (~/a~-~l~)  
D (e ex) + ; (7) [D(e e~)]" 

C (e e~) 
ez/el ~ D (e e~) " (8) 

S ince  n o w  x d e p e n d s  o n  e,/~x o n l y  a n d  t h e r e f o r e  is 
real ,  t h e s e  f o r m u l a e  a re  v a l i d  a lso for  n o n - s p h e r i c a l  pa r -  
t ic les  of  r a n d o m  o r i e n t a t i o n .  F o r  e l l ipsoids ,  t h e  v a l u e  of  
x c a n  b e  c a l c u l a t e d  b y  m e a n s  of t h e  f o r m u l a e  g i v e n  
ea r l i e r  *, u s i n g  k2/k 1 = e2/e ~. T h i s  p a p e r  g ives  a lso n u m e r -  
ical  v a l u e s  of x in  g r a p h i c a l  f o r m  for  e l l ipsoids  of r o t a t i o n  
of d i f f e r e n t  axis  r a t i o s  a n d  d i f f e r e n t  v a l u e s  of k2[k x 

8~/81 . 

E x a m i n a t i o n  of  f o r m u l a e  (2) a n d  (3) wil l  s h o w  t h a t ,  
w h e t h e r  e,/~ r >< a J c q ,  e dec reases  a n d  a i n c r e a s e s  w i t h  
i n c r e a s i n g  f r e q u e n c y  (% a n d  ~ of t h e  t w o  p h a s e s  b e i n g  
t a k e n  to  be  i n d e p e n d e n t  of f r equency )  a n d  t h e  c u r v e s  
r e p r e s e n t i n g  (a/a1) n = oo/(a]al) n = 0 a n d  (e/~l) n = 0] 
(e/el) n = oo p l o t t e d  a g a i n s t  e,/e x (or alia1) for  a f ixed  
v a l u e  of a~/a~ (or e~/e~) h a v e  a m i n i m u m  a t  e,/e I ~ a j a r ,  
w h e r e  t h e  t w o  q u a n t i t i e s  a re  u n i t y .  (These  s t a t e m e n t s  
fo l low also d i r e c t l y  f r o m  t h e  wel l  k n o w n  t h e o r e m ,  t h a t  
t h e  l ines  of e lec t r ic  force t h r o u g h  a c o n d u c t i n g  h e t e r o -  
geneous  s y s t e m ,  a re  d i s t r i b u t e d  in  such  a m a n n e r  t h a t  
t h e  e n e r g y  c o n s u m e d  is m i n i m u m , )  W h e n  t h e  d i f f e rence  
b e t w e e n  e~/e~ a n d  a,/ax is n o t  v e r y  large,  t h e  e r r o r  r e su l t -  
ing  f r o m  c a l c u l a t i n g  t h e  e lec t r ic  c o n d u c t i v i t y  of  t h e  sus-  
pens ion  b y  m e a n s  of  f o r m u l a  (1), is t h e r e f o r e  r e l a t i v e l y  
small .  

I n  t h e  ea r l i e r  c a l c u l a t i o n s  ( f rom u l t r a h i g h  fre-  
q u e n c y  o b s e r v a t i o n s )  of t h e  i n t e r i o r  c o n d u c t i v i t y  of 
t h e  r e d  b l o o d  cell  a w h i c h  we re  c a r r i e d  o u t  in  t h i s  
m a n n e r ,  t h e  g r e a t e s t  d i f fe rence  b e t w e e n  ez/e x a n d  a./ax 
- - w h i c h  in  t h i s  case  r e p r e s e n t  t h e  r a t i o s  of r e s p e c t i v e l y  
d ie lec t r i c  c o n s t a n t s  a n d  c o n d u c t i v i t i e s  of cell i n t e r i o r  to  
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t h o s e  of s u s p e n d i n g  f l u i d - w a s  o n l y  a b o u t  1 0 %  (for 
co rpusc l e s  in  p l a s m a ) ,  a n d  t h e  v a l u e s  g i v e n  r equ i r e  cor-  
r e c t i o n s  of less t h a n  2 %  f rom t h e  s t a n d p o i n t  of t h e  
p r e s e n t  t h e o r y ,  H.  FRICKE 

Wal ter  B .  J a m e s  Labora tory  of B iophys i c s ,  Biological  
Laboratory ,  Cold S p r i n g  Harbor,  N e w  Y o r k ,  M a y  8, .1952. 

Z u s a m m e n [ a s s u n g  

E s  wi rd  d a r a u f  h ingewiesen ,  da s s  die F o r m e l  

k - k~ k~ - k 1 

k + x k  1 = ~  k z + x k  1 

(k: d i e l e k t r i s c h e  K o n s t a n t e  bzw.  Le i t f i ih igke i t )  ffir die 
e l e k t r i s c h e n  E i g e n s c h a f t e n  e ine r  S u s p e n s i o n  s u c h  d a n n  
gil t ,  w e n n  die k k o m p l e x  s ind .  V e r s c h i e d e n e  A n w e n d u n -  
gen  d iese r  v e r a l l g e m e i n e r t e n  F o r m e l  w e r d e n  b e s p r o c h e n ,  
d ie  fi ir  e l e k t r i s c h e  M e s s u n g e n  a n  ze l l u l a r en  S u b s t r a t e n  
b fo log i sche r  H e r k u n f t  bet  U l t r a h o c h f r e q u e n z e n  y o n  I n -  
t e res se  s ind .  Diese  u m f a s s e n  S u s p e n s i o n e n  o r i e n t i e r t e r  
R o t a t i o n s e l l i p s o i d e .  I n  W e i t e r f i i h r u n g  f r i ihe re r  A r b e i -  
t e n  1 w e r d e n  K u r v e n  a n g e g e b e n ,  die x f/Jr so lche  S y s t e m e  
da r s t e l l en .  

1 I~. FRICKE, Phys. Rev. 24, 575 (1924); Physics 1, 106 (1931). 

S i g n i f i c a n c e  a n d  R e a r r a n g e m e n t s  of  Q u i n o l  
M o d e l s  o f  T y r o s i n e  M e t a b o l i t e s  1 

L a b i l e  m e t a b o l i t e s  in  t h e  b r e a k d o w n  of a m i n o  ac ids  
a re  of f u n d a m e n t a l  i n t e r e s t L  T h e  t r a n s f o r m a t i o n  of 
t y r o s i n e  to  h o m o g e n t i s i c  ac id  i n v o l v i n g  t h e  a p p a r e n t  
m i g r a t i o n  of a n  ace t i c  ac id  s ide  c h a i n  h a s  led t h e  b io-  
c h e m i s t s  to  t h e  a s s u m p t i o n  of a labile qu ino l  in termediate  
as e a r l y  as  1907 ~. T h e  o x i d a t i o n  of p - a l k y l p h e n o l s  w i t h  
CARO's ac id  offers  we l come  ana log ie s  to  t h e  b i o c h e m i c a l  
o x i d a t i o n  of t y r o s i n e .  W h e r e a s  u n d e r  n e u t r a l  c o n d i t i o n s  
(in t h e  p r e sence  of MgCOa) p -c reso l  is c o n v e r t e d  to  p- 
t o luqu ino l*  (yield,  5 - 1 0 % ,  pos s ib ly  some  o - h y d r o x y -  
l a t i o n  to  homo-catechol)  t h e  o x i d a t i o n  in ac id ic  m e d i u m  
(1.8N H , S O , )  6 l eads  d i r e c t l y  t o  t o l u h y d r o q u i n o n e  ( a b o u t  
15 %, n o  ca t echo l ) .  T h e s e  r e su l t s  p r o m p t e d  FRIEDMAN ~, 
NEUBAUER s, a n d  DAKIN 7 tO a t t e m p t  unsucces s fu l l y  t h e  
p r e p a r a t i o n o f q u i n o l s c o r r e s p o n d i n g  to  t y r o s i n e  (DAKIN), 
p - h y d r o x y p h e n y l p y r u v i c  (NEUBAUER) a n d  p - h y d r o x y -  
p h e n y l a c e t i c  ac ids  (FRIEDMANN, DAKIN). Our  o w n  ex-  

1 0~ the Mechanism o[ Oxidation. VII. Preceding paper in this 
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In 1901, E. MAvEtt [Dtsch. Arch. Klin. Med. 70, 443 (1901)] 
called attention to the similarity of the reaction tyrosine -9- homo- 
gentisic acid to the rearrangement of p4olylhydroxylamine to tolu- 
hydroquinone [E, I{AMBERGER, Ber. dtseh, chem. Ges. 28,245 (1895)], 
at a time when the isolation of the intermediate quinol had not been 
reported yet by BAIVlBERGER [Ber. dtsch, chem. Ges. 33, 3600 (1901)]. 

4 ]~. BAMBERGER, Ber. dtsch, chem. Ges. as, 2O28 (190"~). 
s T. I{UMAZI and R. *~VOLFFENSTEIN, Ber. dtsch, chem. Ges. J1, 

297 (1908). 
O. NEUBAUE~, Dtsch. Arch, Klin, Med. 95, 211 (1909). 

7 H. D. DAK~¢, j'. Biol. Chem. 8, 13 (1910). In the light of these 
precedents, it is surprising to find the following statement by DAKI~¢ 
in his book Oxidation and Reduction in the Animal Body (Longmans, 
Green & Co., London, New York, Toronto, 1922), p. 93 : "The Chemi- 
cal analogy for the wandering of the -CH2-CO-COOH group is 
lacking". The rccent findings by S. WEtmmosn and R. H. MILLI~G- 
TON, J. Biol. Chem. 175, 995 (1948) and by B. SCHEPEnTZ and S. 
GURIN, ibid. 180,663 (1949), using tyrosine labeled with C14 in various 
positions, are clear evidence of the intramolecular migration of the 
side chain. 


