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Zusammen[assung. Einfache  und  empf ind l iche  Methode  
z u r  different iel len : f luor imetr i schen ]3es t immung yon 
0.01-1 pg /ml  Menge yon Adrenal in  und  Noradrenal in .  
Die Oxyda t ion  wird mi t  KsFe(CN)e bei p H  6.8 durch-  
geffihrt.  N a c h d e m  die f luorescierenden Der iva te  yon  
Adrenal in  und  Noradrena l in  sowie von  Noradrena l in  
allein mi t te l s  bas ischem Askorba t  bzw. Cyste in-Thio-  

glykolsAure s tabi l is ier t  worden  sind, wird  die Fluorescenz  
bei 409 rim und  519 n m  gemessen% 
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Measurements of the Flow of Aqueous Humor 
According to a New Principle 

Though several  me thods  have  been devised for deter-  
mining the  flow of aqueous humor ,  none of t h e m  is suffi- 
c ient ly per fec t  to  make  a new approach  to  the  p rob lem 
uninteres t ing.  The me thod  to be described,  which  aims 
at  a de te rmina t ion  of the  flow th rough  the  pupil ,  is based 
on the following observat ions .  

If  f luorescein in a solut ion is insti l led into the  conjunc-  
rival sack it pene t ra t e s  the  cornea and  colours the  
aqueous humor .  The pene t ra t ion  can be enhanced  by  
iontophoresis ,  and in ca. 15 rain the  aqueous humor  is 
s t rongly  coloured. By m o v e m e n t s  of the  eye the  s ta ining 
of the con t en t  of the  anter ior  chambe r  can be made  fairly 
homogeneous.  The me thod  relies on the  fact  t h a t  the  
newly- formed aqueous h u m o r  which emerges f rom the  
pupil  is uncoloured and remains  observable  as a clear, 
slowly increasing volume,  well demarca t ed  against  the  
green con t en t  of the  anter ior  chambe r  for up to abou t  30 
sec (Figure 1). Af ter  t h a t  t ime convect ion  and  diffusion 
make the  boundar ies  of the  volume indis t inc t  and 
'Schl ieren '  are formed.  However ,  the  con t en t  can be 
mixed again and the  growing volume can be observed 
anew an a rb i t r a ry  n u m b e r  of t imes. A flow value in abso- 
lute uni ts  migh t  be ob ta ined  if the  volume of the  clear- 
growing 'vesicle '  could be measured  on 2 occasions a t  a 
known interval .  

A m e t h o d  for e s t ima t ing  the  volume of superficial  
turnouts  by  means  of 'L i ch tebeneschn i t t e '  has  recent ly  
been descr ibed 1. A n u m b e r  of parallel  equ id i s t an t  slits 
are p ro jec ted  over the surface of the  tumour .  This is 
p h o t o g r a p h e d  f rom an angle, f ixed to the  pro jec tor  axis. 
On the  p h o t o g r a p h  a series of lines are seen, dev ia t ing  
over  the  surface of the  tumour .  The areas be tween  the  
devia t ions  and the  cor responding  base lines are plani-  
mete red  and  the  volume is easily e s t ima ted  when  the  
d is tance  be tween  the  slit images is known.  In  t ry ing  to 
app ly  th is  new m e t h o d  to  the  p resen t  s i tuat ion,  i t  had  to  
be modif ied by  tak ing  a series of single slit  p ic tures  in 
rapid succession (12/sec) wi th  a cine-camera.  The dis tance  
be tween  the  ad jacen t  slit images was 0.28 m m  (Figure 2). 

The bes t  measur ing  condi t ions  are ob ta ined  wi th  miotic 
pupils.  The  convect ion  cur ren ts  in the  an te r ior  chamb e r  
m a y  d i s tu rb  the  format ion  of a well-defined 'vesicle '  bu t  
i t  seems to  be possible to mas t e r  this  d i f f icul ty  by, for 
in s t ance ,  i r r igat ion of the  cornea wi th  w a r m  or cold water .  
A n u m b e r  of expe r imen t s  on rabb i t s  have  given f low 
values  inside the  normal  range (1.5-3.8 mma/min).  A1- 

Fig. 1. Slit image giving an optical section through the auterior 
chamber; e -- cornea, i = iris. The content is fluorescent apart from 
a clear 'vesicle' (v) at the pupillary border. Beneath the 'vesick' is 

the corneal reflex (r). 

F 

Fig. 2. Schematic diagram of measuring device. S = slit, illuminated 
from behind, which is projected on the eye (E) and photographed (F). 
The positions of the sections in a series of exposures and the cor- 

responding images are shown. 

1 0 .  HOLM and C. E. T. t{RAKAU, Acta universitatis lundensis, Sec- 
tio II 1965, No. 31. 
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lowance has been made for the  effect of the corneal  curva-  
ture  on the image size, bu t  the  possible effect of ddfusion 
on the  values has not  ye t  been est imated.  The  dispersion 
of the v a l u e s  t aken  in succession is considerable (range 
• 20%), which m a y  be explained by  the  fact  t ha t  the  
number  of slit  images cover ing the  small  vesicle is low 
(4-5). The  precision of the  mean  flow value  m a y  be in- 
creased by  decreasing the  dis tance be tween successive 
sections or  by  tak ing  a greater  number  of consecut ive 
determinat ions .  

There does no t  seem to be any hindrance  to applying 
the me thod  to o ther  species besides rabbits2. 

der  Pupil le herausfl iessende Kammerwasse r  kurzfr is t ig 
als ungef~Lrbte <~Blase~, deren Volumen  pho togramme-  
t r isch bes t immbar  ist, s ichtbar.  Das Minu tenvo lumen  ist  
durch zwei zeit l ich ge t rennte  Messungen fcststellbar.  
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T H E O R I A  

A Quantum Theory of Brownian Movement 

I t  is bel ieved tha t  Brownian  m o v e m e n t  is a funda-  
men ta l  type  of mot ion  of ma t t e r  a t  a molecular  level. 
A l though  such a mot ion  cannot  be found a t  a sub- 
molecular  level, in which it  if  governed s tr ic t ly  by  the  
mechanica l  laws of mot ion  wi thou t  i rreversibil i ty,  Brown-  
ian part icle-l ike mot ion  m a y  appear  as a result  of space- 
t ime  correlat ion of i r regular  f luc tua t ing  forces. According 
to the theorem of f luctuat ion-diss ipat ion,  there may  occur 
dissipation where there  is f luctuat ion.  Fur thermore ,  i t  
must  be considered t h a t  the  f luctuat ion comes from some 
general ized Brownian  mot ion  of a moving  body in the  
system. The invest igat ion of Brownian  mot ion will be 
i m p o r t a n t  in the  boundary  iield be tween  the  world of 
microscopic moving  bodies and t h a t  of macroscopic  
m o v i n g  particles,  in order  to seek the  essential cause of 
i r revers ibi l i ty  which is a character is t ic  p roper ty  ~n the  
macroscopic  world. Regard ing  the  theory  of t3rownian 
m o v e m e n t  1, i t  is well known tha t  there  are two kinds of 
approach :  one is Eins te in ' s  and the  o ther  is Langevin ' s .  
Here,  we will  deal  wi th  the  problem along the  line of 
Langev in ' s  approach  f rom the s ta t is t ical  mechanica l  
po in t  of view. 

In  the  present  article, the  problem is to obta in  a 
general ized form of Langev in ' s  equa t ion  of motion,  no t  
on the  ord inary  s tochast ic  basis bu t  in the  sys temat ic  
way,  f rom the  q u a n t u m  mechanica l  equat ion  of mot ion  
in the  Heisenberg  picture,  and to express the  re la t ion of 
E ins te in-Nerns t  in a general  sense. 

The  opera tor  of an a rb i t r a ry  observable  A changes 
t empora l ly  according to the  equa t ion  of mot ion  

dA/dt = i ~-I~H, A~ =_ i ~o* A ,  (1) 

whose solut ion is given by  

A(t) = exp( i  t H/~) A(o) e x p ( -  i t H/h) 

-- exp( i  tm*) A(0) ,  (2) 

where H is the  Hami l ton ian  of the  system, t / i s  P lanck ' s  
cons tan t  d iv ided  2 ~, and o)* is defined by  Eq.  (1) as an  
opera tor  of angular  f requency of t rans i t ion  whose classical 
analogue is Liouvi l le ' s  operator .  

By  mak ing  use of a pro jec t ion  opera to r  P, the  opera tor  
o1 A can be spl i t  ident ical ly  in to  ~I ~ P A, pro jec ted  
onto  a subspace of the  opera to r  Hilbert-space,  and 
A ' - ~  (1 --  jo) A,  p ro jec ted  onto  an or thogonal  comple- 
men t  of the  P-subspace  : 

A = P A  + ( 1 - - P )  A = A + A ' .  (3) 

According to ZWANZIG'S t echn ique  2, we obtain  the  
following coupled equat ions  f rom Eq .  (1) : 

d-if~at = i P o , *  (3  + A ' ) ,  (4a) 

dA ' /d t  = i (1 - - P )  o~* ( 2  + A ' ) .  (4b) 

By means  of the  Laplace t rans format ion  of 

oo 

(s) = J e x p  ( - -  s t) A (t) dt, (real par t  of s being A 
o posi t ive) ,  

we can deal  wi th  Eqs.  (4a and b) in an  algebraic manner .  
These are t ransformed into 

s A(s )A --  (0) = i P ~* {7[(s) + A'(s)}, (5a) 

s A'(s) -- A'(O) = i ( 1  - - P )  co*{~(s) + A'(s)}, (5b) 

where 7f(s) and A'(s) are the  Laplace  t ransforms of ~(t)  
and A'(t), respect ively.  A t  first,  f rom Eq .  (5b), we obta in  

A'(s)  = [s - -  i (1 --  P)  ~ , ] - 1 .  A'(0)  

+ Is --  i (t  - -  P)  m*] -1-  i (1 - -  P) o9" A(s) .  (6) 

Inser t ing this into Eq .  (Sa), we ob ta in  wi thou t  approxi-  
mat ion  a unified equa t ion  of 

s ] ( s )  -- -~(0) = iP~o* 2(s)  + iPo~* 

• Is - -  i (1 - -  P)  03*] -1  " i (1 - -  P )  6o O ~ ( s )  -~ i P (L)* 

• I s - -  i ( 1 %  P)  o~*] -1" A'(0) .  (7) 
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