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An apparatus used to distinguish weak bioelectrical signals from noise of biological and in- 
strument origin, working on the coherent storage principle is described. A cathode-ray tube 
with storage of discharges (the LN-8 potentialoscope) is used as the memory. 

Specialized computers, such as the CAT-400, ART-1O00, ATAC-20, ANOPS-I, neiron, and so on, are 
used at the present time for the analysis of bioelectrical signals. One of the problems most frequently 
tackled by these computers is the detection of weak bioelectrical signals and the averaging of evoked re- 
sponses by the coherent storage method [3]. Howe,ler, extensive use of specialized computers is limited 
because of their complexity and high cost. This, in turn, has placed difficulties in the way of using spe- 
cialized computers directly in the course of the experiment, so that the subsequent tactics of the experi- 
ment could be determined on the basis of its results~ 

The development of small analog analyzers for use directly during an experiment is thus an urgent 
problem. A special cathode-ray tube known as a potentialoseope [4] can be used for this purpose. This 
tube can store information for a long time and it can therefore be used as an operative memory. 
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Functional block diagram of instru- 
ment. Explanation in text. 

The potentialoscope consists of a system of 
electrodes designed to form an electron beam and to 
control its sweep, a signal plate covered with a thin 
layer of dielectric (target), and a barrier grid. If a 
variable potential is applied to the signal plate and the 
electron beam is simultaneously turned, the potential 
of each area of the target will be determined by the 
magnitude of the potential of the signal plate at the 
time of passage of the electron beam through that 
area. As a result, a "potential relief" is formed on 
the target and this may last for some time [5]. The 
barrier grid reduces the mutual effects of neighboring 
areas of the target on each other and thus prevents 
obliteration of the potential relief to be recorded. 

If the potentialoscope is operating to record the 
current passing through the load resistance, other 
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Fig. 2. Component axion potential  
of slow-conducting f ibe r s  of the 
ca t ' s  t ibial  nerve  before  (A) and 
a f t e r  (]3) averaging .  Dis tance be -  
tween s t imula t ing  and record ing  
e lec t rodes  82 ram. Cal ibrat ion:  
5 pV (for A), 20 m s e c  (for A and B). 

conditions being equal, the potential  of the a r e a  of the t a rge t  ex- 
posed at  that  momen t  to i r rad ia t ion  by the e lec t ron  b e a m  will be 
de te rmined ,  i .e. ,  the magnitude of potential  r e co rded  on that  a r e a  
of the t a rge t  will be de te rmined .  

In the ins t rumen t  developed by the authors the LN-8 poten- 
t ia loscope is used.  Invest igat ions [2] have shown that the LN-8 
tube, if  working under suitable conditions, provides  a l inear  r e l a -  
t ionship between the signals  r eco rded  and r e a d  during a change in 
ampli tude of the r e c o r d e d  s ignals  within the range  f rom 10 to 60 
V. This p rope r ty  means  that d is tor t ion- f ree  reproduct ion  of the 
ampli tude cha rac t e r i s t i c s  of t e s t  s ignals  can be obtained within 
wide l imi ts .  

The functional b lock d i a g r a m  of the appara tus  is shown in 
Fig. 1. Potent ials  r e co rded  f r o m  ne rves ,  the bra in ,  or  musc les  
pass  through the record ing  ampl i f i e r  to the signal  plate of the 
potentialoscopeo The e lec t ron  b e a m  is t r i gge red  along the hor i :  
zontal  axis by the scanning unit synchronously  with the pulse f r o m  
a s t imula to r  applied to the t e s t  object.  Responses  to one s t imulus  
a re  a r r anged  in each line. After  sweeping a line the b e a m  moves  
on to the next line. Provided that  coherence  is observed ,  the r e -  

sponses  in the l ines lie consecut ively  and a potential  r e l i e f  is fo rmed  on the ta rge t ,  consis t ing of a function 
of th ree  va r i ab les :  the ampl i tudes  of the biopotentials  (the magnitude of the potential  on each a r e a  of the 
t a rge t ,  the Z axis) ,  the t ime f rom the m o m e n t  of s t imulat ion (the X axis) ,  and the line number  (the Y axis) .  
During reading ,  a s inusoidal  voltage (the reading  voltage) is applied to the ve r t i ca l  deflect ing plates  of the 
potent ia loscope,  the f requency of which is g r e a t e r  than the t r a n s m i s s i o n  band of the reading  ampl i f ie r .  The 
e l ec t ron  beam,  sp r ead  by this voltage in a ve r t i ca l  d i rec t ion over  the whole ta rge t ,  p a s se s  once over  the 
t a rge t  in the d i rec t ion  of the t ime  axis  a t  a speed equal to the scanning speed during record ing .  If the f r e -  
quency of the reading voltage is high enough, the e lec t ron  b e a m  will pass  r e l a t ive ly  quickly over  the t a rge t  
in a t r a n s v e r s e  d i rec t ion,  c a r ry ing  out a lgebra ic  summat ion  of the values  of the potentials  in the l ines con- 
secut ive ly  in each d i sc re t e  ve r t i c a l  line [1]. Stat is t ical ly  probable  b ioe lec t r i ca l  s ignals  a r e  thus revea led  
during counting on the load r e s i s t a n c e  as an averaged  r e sponse  r eco rded  photographical ly  f rom the osc i l -  
loscope~ Noise,  as a r andom p r o c e s s ,  is conver ted  in accordance  with the law of its dis t r ibut ion at the 
output of the in s t rumen t  e i ther  into ze ro  or  into a constant  component  of the output s ignal .  

The component  of the act ion potential  of C- f ibe r s  r eco rded  f r o m  the intact  (with its m e m b r a n e s  in 
situ) t runk of the tibial nerve ,  r e c o r d e d  d i rec t ly  af ter  the ampl i f i e r  (Fig. 2A) and a f t e r  averag ing  of 150 
responses by the potentialoscope (Fig. 2B) is shown in Fig. 2. On record A the initial signal to noise ratio 
can be estimated as approximately I :3, while on record B, after averaging, as 4:1. Consequently, as a 
result of averaging the signal to noise ratio was increased by 12 times. The experimental results demon- 
strate that the increase in the signal to noise ratio obtained by the use of this instrument obeys the ~-nlaw, 
where n is the number of responses averaged. If weaker signals must be found, the number of averaged 
responses can be increased by increasing the capacity of the memory of the instrument by using two or 

more  potent ia loscopes .  
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