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Further progress in the f ield of invest igat ion of the e lec t r i ca l  phenomena of the central  nervous system re-  
quires the appl ica t ion  of e l ec t r i ca l  impulses of different forms as st imuli .  One of the methods at  present used for 
studying the accommodat ion  properties of nerve tissue is the appl ica t ion  of impulses of stepwise increasing ampl i tude  
and the subsequent comparison of their  effects with the react ion to single rectangular  impulses of the same ampl i tude  
and duration. The reason why the appl ica t ion  of stepwise increasing impulses is preferable to the use of impulses in-  

creasing by a l inear relationship is that stepwise changes in the ampi i tude  of the s t imulat ing impulse are essential.  
The  more de ta i led  study of these problems may shed l ight  on the question of the peripheral  coding in the  sense organs. 

As a first step in this direction,  a special  e lectronic  st imulator is suggested, capable  of generating st imuli  

both of stepwise increasing form and of rectangular  form. 

The impulse at  the output of the apparatus contains 1-10 steps with a fine control of ampl i tude  from 0 to 25 V. 
The  duration of the steps can also be f inely control led from 0.2 to 2.0 msec. With au tomat ic  starting, impulses can 
be supplied in succession at  intervals of 1-a  sec. The apparatus provides for independent  control of the ampl i tude  of 
the  first step and an envelope increase in the step impulse from linear to exponential .  The st imulator contains nine 

tubes in a bantam series. The power supply to the apparatus is" +250 V, 75 mA; --20 V, 5 mA; f i l amen t ,  6.3 V, 

4 A. A block scheme of the apparatus is given in Fig. 1. 

Positive commuta t ive  impulses with an ampl i tude  of about 20 V are supplied to the input of the st imulator.  

Through the cathode repeater  CR 1, they are fed into a mult ivibrator  MV and they cut out of the continuous series of 
impulses a "parcel"  of impulses of negat ive  polari ty,  which pass through the cathode repeater  CR 2 to reach the stor- 
age system (SS). Because the t ra i l ing edge of the stepwise impulse obtained at the output is prolonged, these im-  

pulses arrive at  the same t ime  as commuta t ive  impulses from CR 3 to the e lec t ronic  commutator  (EC) for a sharp cut-  
t ing off of the trai l ing edge. Through the inverting ampl i f ier  (IA) and the cathode repeater  CR4, with a low-ohmic  
output, the st imuli  are appl ied  to the object .  To compare the effects of the act ion of stepwise and rectangular  im-  
pulses, positive rectangular  impulses may be appl ied  through the final cascade of the st imulator  to the same st imu- 

lat ing electrodes.  

The theore t ica l  c ircui t  of the apparatus is shown in Fig. 2. The commuta t ive  rectangular  impulses pass 
through the cathode repeater  L t to the circuit  L2, I~. The triode parts of these pentodes are used in the circuit  of a 
multivibrator.  To increase the s tabi l i ty  of working and to prevent the influence of subsequent cascades on the shape 

of the generated impulse, these cascades are taken from the anode of L v where they arrive when commuta t ive  i m -  
pulses reach the pentode grid. The frequency of the impulses is controlled by a double potent iometer  in the circui t  
of the control grid of L2, L 3. A group of impulses of negat ive  polari ty from the anode of L 2 reaches the storage c i r -  

cuit  of the tube L 5 through the cathode repeater  L 4. A stepwise increasing impulse with a decrement  of considerable 
length is formed on the storage capac i t ance  of 0.1 gF (in the cathode of L 5, the left diode). To obtain an equal  in- 
crease in ampl i tude  with a large number of steps (10 or more), the cathode repeater  L 6 is used in the circuit ,  s tabi l -  
izing the discharge current of the storage capaci tance .  A potent iometer  of 5.6 kf~ in the cathode of L 4 is used to 
record the envelope  increase of the stepwise impulse from l inear  to exponential .  

Because of the strict demands made on the shape of the stepwise impulses,  i t  was found advantageous to use 
secondary e lect ronic  commuta t ion  by means of a circui t  on the tubes L9 and L10 to obtain a steep cutting off of the 
t ra i l ing edge instead of the well  known discharge circuits on thyratrons, blocking generators, transistors, and so on [1]. 
The  stepwise impulses are fed through a cathode repeater  I~ to the control grid of Lp, and the commuta t ive  impulses 
through the cathode repeater  L 8 to the pentode grids L9 and L10. A stepwise increasing impulse with a steeply cut off 
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Fig. 1. Block scheme of apparatus. 
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Some of the following Russian abbreviations 
may be fo/ind in the figure: 2/ = tube, ,~ --:- diode, 
fp = transformer, 2p or 0p = choke, #Tn = switch, 
(~= V,M = M ~ ,  ~ = k~, .~h" - p F o r  pH, n = pF 
or pH, and n = nF  or ni l .  For individual tube 
designations see Appendix to Issue No. 1 of 
this year. 

Fig. 2. Theoretical  circuit of the apparatus. 

Fig. 3. Ventral root responses to application of 
rectanguIar (a,c) and stepwise increasing impulses 
(b,d) to muscular nerves of a cat (for explanation, 

see text). 

trail ing edge is formed on the anode charge of L 9. The neces- 

sary compensation of the commutat ive impulse is carried out 

by the cathode resistor of the tube L10, so that the level of the 

first step only can be altered at the same t ime when the thresh- 

old strengths of the stimulus are being chosen. 

From the secondary electronic commutation circuit, the 

stepwise impulses reach the output of the apparatus through a 

triode amplifier  L n and the low-ohmic output of the cathode 

repeater L12. The rectangular impulses for comparing the ef- 

fects of st imulation may also be applied to the imput of the 

final cascade. Synchronization of the driven sweep of the os- 
cillograph is carried out by the leading edge of the commuta-  

t ive impulse through a capaci tance of 200-1000 pF. 

The stimulator was tested in experiments to record the 

action potentials in the ventral roots of the spinal cord of a 
cat during st imulation of the muscular nerves by rectangular 
and stepwise impulses of the same amplitude and duration. 
The results of these experiments are illustrated in Fig. 3, which 
clearly shows that an impulse consisting of three steps (0.5 V, 

3 X 0.5 msec), applied additionally to monosynaptic excitation, is followed by the appearance of an asynchronous 
discharge (Fig. 3b), whereas an impulse of five steps (0.5 V, 5 x 0.5 msec) may produce a double monosynaptic 
peak (Fig. 3d). 
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