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During statisticalanalysis of the electroencephalogram (EEG) valuable information can be obtained 
by measuring the dispersion or the mean square of the signal voltage at the output of the electroencephalo- 
graph. Existing electrical measuring instruments give only the mean or the peak value of the signal volt- 
age [2]. Such instruments can be graduated in values of the mean square of the voltage only for a sinusoidal 
or other periodic voltage, but when measuring the mean square of an aperiodic voltage of complex form, 

graduation of this sort is impossible. In this case the instrument used must have a square-law detector 

and must be capable of yielding the square-law characteristics of the relationship between the output volt- 
age or current and the input voltage. 

A comparatively simple analogue computer is described below by means of which the dispersion of 

the EEG signal can be measured with the use of a standard comnqercial electroencephalograph. 

Description of Apparatus 

The signal from the output of the electroenceophalograph or magnetic recording instrument is fed 
into the input cascade of the computer, which consists of a cathode repeater on a tube Li, the purpose of 

which is to remove interaction between the quadrating circuit and the output cascade of the electroen- 
eephalogr aph. 

The input device contains a voltage divider, enabling the required sensitivity of the apparatus to 
be selected. 

As a quadrating circuit a multiplier on a type 611P multigrid tube was used. The square-law char- 
acteristics of such a circuit are obtained by using the principle of dual control by the anode current of 
the tube. 

The complete circuit of the computer is shown in Fig. 1. The advantage of such a circuit lies in 
the considerable magnitude of the square-law area of the characteristic curve. The negative feedback 
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Fig. I. Theoretical circuit of the apparatus for measuring 
dispersion of the EEG. 
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Fig. 2. Curves showing the increase 

in dispersion of the EEG during hyper- 

ventilation. Observations on three sub- 

jects. Along the axis of abscissas) 

time (in min), along the axis of ordin- 

ates) dispersion (in %). 

due to the  ca thode  r e s i s t o r  R15 i n c r e a s e s  the  s t a b i l i t y  of the  
c i r c u i t  c o n s i d e r a b l y .  The  v o l t a g e  is  a m p l i f i e d  by m e a n s  of 
a t w o - c a s c a d e  a m p l i f i e r  on the tube  Ls, c o v e r e d  by  deep  
n e g a t i v e  f e e d b a c k  t h rough  the  r e s i s t o r  R 7 and the  c a p a c i t o r  
C 4. T h e  f n t e r m e d i a t e  c a p a c i t o r s  and the  f e e d b a c k  c i rcu i~  
w e r e  s e l e c t e d  so  as  to  ob ta in  a u n i f o r m  f r e q u e n c y  c h a r -  
a c t e r i s t i c  of the  d e t e c t o r  in the  r a n g e  f r o m  0.5 to 1000 cps .  
Type  S G I P  g a s - f i l l e d  vo l t age  s t a b i l i z e r s  w e r e  u s e d  and d e -  
coup l ing  f i I t e r s  in the  anode c i r c u i t .  

F r o m  the  output  of the  q u a d r a t i n g  c i r c u i t  the  s i gna l  
p a s s e s  to the  output  vo l t age  m e t e r  on the  t ype  6N2P tube  
L 8. The  output  v o l t a g e  is  m e a s u r e d  by  the  a p p a r a t u s  M 1 
and can  be  r e c o r d e d  by  m e a n s  of a t y p e  N-105  o r  E P P - 0 9  
s e l f - w r i t i n g  p o t e n t i o m e t e r .  

The  r a n g e  of m e a s u r a b l e  f r e q u e n c i e s  i s  0 .5-1000 eps  
and the  l i m i t s  of m e a s u r e m e n t  0 .1-10  V. The  d e g r e e  of 
e r r o r  of t he  m e a s u r e m e n t  i s  • 3%. 

The dispersion can be measured for long periods of time without the need for recording the EEG. 

EXPERIMENTAL RESULTS 

The apparatus described above was used for calculating the dispersion of the EEG in the rabbit and 

man, when recorded in various experimental conditions - in a resting state, during exposure to a rhythmic 

light, to hyperventilation, and also under the influence of certain drugs : chlorpromazine, sodium amytal, 
amphetamine, etc. 

The results of the measurements showed that the dispersion calculated over a long period remained 

a p p r o x i m a t e l y  s t a b l e  f o r  e ach  i n d i v i d u a l .  The  v a r i o u s  funct ion  t e s t s  had  c o n s i s t e n t  e f fec t s  on the  m a g n i -  
tude  of d i s p e r s i o n .  D u r i n g  e x p o s u r e  to  the  r h y t h m i c  l ight ,  f o r  i n s t a n c e ,  the  d i s p e r s i o n  d e c r e a s e d  whi le  
d u r i n g  h y p e r v e n t t l a t i o n  i t  a lways  i n c r e a s e d .  

As  an e x a m p l e  the  r e s u l t s  ob ta ined  wi th  t h r e e  c l i n i c a l l y  h e a l t h y  p e r s o n s  a r e  g iven  be low.  The  d i s -  
p e r s i o n  was  c a l c u l a t e d  in a r e s t i n g  s t a t e  and d u r i n g  h y p e r v e n t i l a t i o n  (Fig .  2)_ It is  c l e a r  f r o m  F ig .  2 tha t  
t he  d i s p e r s i o n  i n c r e a s e d  by  50-60% o v e r  i t s  b a c k g r o u n d  l e v e l .  The  i n i t i a l  v a l u e s  w e r e  r e s t o r e d  2-3 min  
a f t e r  d i s c o n t i n u i n g  the  h y p e r v e n t i l a t i o n .  

The  m e t h o d  of  m e a s u r e m e n t  of the  d i s p e r s i o n  of the  EEG c l o s e l y  r e s e m b i e s  the  m e t h o d  of d e t e r m i n -  
ing  the  t o t a l  b i o e l e e t r i c a l  a c t i v i t y  by m e a n s  of a u t o m a t i c  i n t e g r a t o r s  [1, 3, 41. H o w e v e r ,  when i n t e g r a t o r s  
a r e  u sed ,  t hey  a l s o  t a k e  accoun t  of the  h i g h e r  h a r m o n i c  c o m p o n e n t s  f o r m e d  dur ing  d e t e c t i o n  of the  a l t e r n a t -  
ing c u r r e n t .  T h i s ,  in t u rn ,  i n t r o d u c e s  e r r o r s  into the  r e s u l t s  of the  m e a s u r e m e n t s ,  and if the  d u r a t i o n  of 
a n a l y s i s  ( i .e . ,  the  t i m e  of a v e r a g i n g )  i n c r e a s e d ,  so a l so  does  the  d e g r e e  of e r r o r .  Dur ing  m e a s u r e m e n t  of 
d i s p e r s i o n ,  t he  h i g h e r  h a r m o n i c  c o m p o n e n t s  a r e  ab sen t ,  thus  enab l ing  m o r e  a c c u r a t e  m e a s u r e m e n t s  to 
be  m a d e .  

The  i n s t r u m e n t a l  m e t h o d  of m e a s u r i n g  d i s p e r s i o n  can be u s e d  wi th  advan t age  for  s tudy ing  the  d y -  
n a m i e s  of changes  in b i o p o t e n t i a l s  o v e r  a p e r i o d o f  t i m e  in e x p e r i m e n t a l  and c l i n i c a l  e l e c t r o e n c e p h a l o g r a p h y .  
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