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This  a r t ic le  d e s c r i b e s  in s t rumen t s  used for  s eve ra l  y e a r s  in the au thor s '  l abo ra to ry  for  the e x p e r i -  
mental  study of single mechano recep to r s .  

Solenoids, p i ezoc rys t a l s ,  and e lec t redynamic  s y s t e m s  a re  mos t  commonly  used in physiological  
expe r imen t s  to s t imula te  mechanorecep to r s  [1, 3-6, 8, 13]. Exper ience  has  shown that of these  the mos t  
sui table for  this purpose  a r e  e l ec t romechan ica l  s t imu la to r s  (EMS). The pr inciple  of the i r  opera t ion is the 
s ame  as that  of dynamic  loudspeakers .  

The cons t ruc t ion  of one such conve r t e r  is shown d i ag rammat i ca l l y  in Fig. 1 I. In the field of a power -  
ful r ing magnet  (2) is  placed a coil  (17) fixed to an e las t ic  m e m b r a n e  (4). When an e lec t r i c  pulse is  ap-  
plied to the winding of the coil ,  the coil moves  in the constant  magnet ic  field. I ts  movements  a r e  t r a n s -  
mi t ted  to the tes t  object  by means  of a th in-wal led g lass  tube (10). To prevent  l a t e ra l  d i sp lacement  of the 
rod a second, ve ry  soft,  m e m b r a n e  (11) is used.  Osci l la t ions  of the s y s t e m  a re  eas i ly  prevented  by oil 
damping.  In some ca se s  to inc rease  the damping effect  a light disc (14), moving in the chamber  (12) con-  
taining oil (13), i s  fitted ove r  the rod. To inc rea se  the ampli tude of the osci l la t ions ,  the magnet ic  gap of 
the s y s t e m  (between the e lements  of the magnet ic  c i r c u i t - t h e  core  of the magnet  (1) and the i ron c los ing 
r ing  (3) into which the coil  is  placed) mus t  be made as smal l  as poss ible  (1.0-0.8 ram). The approx imate  
number  of turns  in the coil mus t  be 700-1200 (PEL wire  0.07-0.04 m m  in d i ame te r  is usual ly  used).  

To obtain mechanica l  s t imuli  with a sufficiently s teep leading edge, the weight of all  moving e l e -  
ments  of the s y s t e m  mus t  be as smal l  as poss ible .  The body of the coil (6) and the m e m b r a n e  (4) have 
the re fo re  been made in some  cases  f r o m  p r e s s e d  foam plast ic  o r  f r o m  paper  soaked with glue. To i m -  
prove  reproduct ion  of high f requencies  an EMS with more  r igid m e m b r a n e s  may  also be made.  Metal 
m e m b r a n e s  may  be used, for  instance,  if thin enough. However,  such EMS usual ly  genera ted  s t rongly  
osci l la t ing s t imuli ,  ve ry  difficult to damp down. The end piece of the g lass  rod may  be made detachable.  
In this way the s a m e  EMS can be used to s t imula te  different  pa r t s  of the sur face  of the t es t  object .  In 
some  cases  the d i a m e t e r  of the tip of the glass  rod in the exper imen t s  was a few mic rons ,  while in other  
expe r imen t s  it was  1.5-2 m m .  

During the exper imen t  the EMS was fixed to a mic roman ipu la to r  (MM-1) by means  of a stout meta l  
rod (16) and was brought  n e a r  to the t es t  object  under  control  of a long-focus binocular  loupe (MBS-2). To 
avoid accidental  movemen t s  of the EMS in a ve r t i ca l  direct ion,  the concavo-convex sliding disks of the 
mic roman ipu la to r  were  rep laced  by para l le l  f iat  d isks .  

By means  of the EMS mechanical  impulses  of both smal l  and of ve ry  cons iderable  ampli tude ( f rom 0 
to s eve ra l  mi l l ime te r s )  can eas i ly  be obtained. High f requencies  a re  reproduced  by such conve r t e r s  l e s s  
well  than by p i ezoc rys t a l s .  Fo r  p rac t i ca l  purposes ,  however,  it is not essen t ia l  to use rhy thmic  s t imu la -  
tion in the exper iments .  

The EMS rep roduces  f requencies  of 1-2 kc pe r fec t ly  sa t i s fac to r i ly .  The ampli tude of the mechan i -  
cal  impulses  genera ted  by such s t imula to r s  bea r s  a l inear  re la t ionship  with the magnitude of the e l ec t r i ca l  
pulses  applied ove r  a suff icient ly wide range of d i sp lacements .  

When working with mechanorecep to r s  i t  is e x t r e m e l y  impor tan t  to r eco rd  the amplitude,  duration, 
and shape of the mechanica l  s t imulus in the course  of the actual  exper iment .  However,  because  of techni -  
cal  diff icult ies,  mos t  inves t iga to r s  have, until recent ly ,  r eco rded  the mechanical  impulse  outside the 
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Fig. 1. Diagram of construct ion of e lect rodynamic sys tem (I) and specimens of mech-  
anical impulses generated by the e lectrodynamic sys tem (II). A) Top b e a m - s h a p e  of 
e lec t r ica l  pulse, bottom b e a m - s h a p e  of mechanical  impulse descr ibed by means of 
an inductive pick-upl B) left t r a c i n g - s h a p e  of e lect r ical  pulse, right t r a c i n g - m e c h -  
anical impulse of e lect rodynamic sys t em corresponding to this pulse; C and D) top 
b e a m - t r a c i n g  of shape of mechanical  stimulus by means of a photoelectr ic  pick-up, 
bottom b e a m - t r a c i n g  of shape of this same stimulus by means of an inductive pick-  
up. Sweeping speed the same in A and B. Time marke r s  in C,0.2 msec .  Remainder  
of explanation in text. 

experiment,  in special ly selected conditions [3, 8, 11]. On the other  hand, in cases  when the mechanical  
stimulus could be recorded  during the actual experiment,  as a rule a photoelectrode method was used [2, 4, 
9, 10, 12], and although accurate ,  this is not convenient enough in use. A capacitance method [7] or  a 
mechanotron [6, 14] has been used much less  frequently.  

In recent  years ,  besides a photoelectr ic  method the authors have used an inductive method of r e c o r d -  
ing the mechanical  s t imulus.  This method has proved accurate  and convenient enough in work, and it can 
be recommended for use in exper iments  with various mechanoreceptors .  

The construct ion of the inductive pick-up is shown d iagrammat ica l ly  in Fig. 1L An outline coil (8), 
made in two sections with thin (0.12-0.15 mm) wire (15), is housed inside the screell ing case of the EMS 
(5 and 7), and a small piece of soft i ron (9), the core  of the coil, is fixed to the glass rod. Displacement  of 
the core  disturbs the contour of the m a s t e r  osci l la tor ,  and this can be recorded  by means of the special  in-  
s t rument  i l lustrated in Fig.  2I. The mas t e r  osc i l la tor  in the recording  inst rument  (generat ing osci l la t ions 
with a frequency of the o rde r  of 1.5-2 Mc) is assembled on one half of a 6N3P tube. High-frequency load- 
ing of the cascade is by means of a choke-coil .  The cascade of a h igh-f requency amplif ier ,  working in 
c lass  C conditions, is assembled  on the other  half of the tube. An RC fi l ter  is used for  h igh-f requency f i l-  
trat ion.  The low-frequency amplif ier  is const ructed on a 6Zh5P tube. The contour of the mas t e r  osc i l la tor  
is tuned to resonance by means of the capaci tor  C 1. Work with the sys tem is ca r r i ed  out in the l inear  seg-  
ment of its charac te r i s t i c  curve.  

Specimen t rac ings  obtained by means of the method descr ibed are  given in Fig. l II .  E lec t r ica l  s t im-  
uli fed into the input of the EMS CA and B) a re  given for  comparison,  and in addition the shape of the mech-  
anical impulse recorded  by inductive and photoelectric methods is compared  (C, D}. It can be seen that the 
shape of the mechanical  st imulus recorded  by the two different methods is prac t ica l ly  identical.  

When analyzing the proper t ies  of mechanoreeeptors ,  it is ve ry  important  to be able to st imulate them 
with mechanical  impulses of different duration and shape (rectangular ,  sinusoidal,  saw-tooth,  etc.) .  In addi- 
tion it must  be possible to apply single and double impulses,  and also to st imulate the recep tors  rhy thmi -  
cally. Such a wide var ie ty  of e lec t r ica l  pulses, to be fed into the input of the EMS, can be generated by 
means of the NGPK-3M* genera tors  of Soviet manufacture,  and also by devices constructed by the authors 

*The NGPK-3M is an u l t ra- low frequency generator .  However, i ts c i rcui t  can easi ly  be modified to widen 
its range of oscil lat ions toward the higher frequencies .  
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Fig. 2. Circuits  of the inductive pick-up I, mixer,  and matching device 
II. Explanation in text. 

themselves  enabling pulses f rom different genera tors  to be mixed and separated,  and also enabling the out- 
put of the genera tors  to be matched with pick-ups,  whose internal res is tance  is small  (100-1500 ~). The 
c i rcui t  of the matching and mixing device is shown in Fig. 2II. To obtain a low output res is tance  the out- 
put is constructed on the circui t  of a cathode follower. For  mixing two impulses of different polarity,  two- 
phase- invers ion  cascades  with separate  loading are  provided at the input of the circuit .  The second 6NIP 
tube acts  as mixer  with a common anode loading. To ra ta rd  the pulse f rom the second generator  relative 
to the f i rs t  stimulus, a re ta rded  pulse generator  is used. So that the NGPK-3M apparatus may work in 
periodic t r igger ing  conditions, it is connected to the mas te r  osci l la tor .  A type EI-1 inst rument  was used 
for  this purpose.  A sys tem was introduced into its c i rcui t  enabling the synchro pulse fed into the osci l lo-  
graph to be re ta rded  behind the stimulus fed into the NGPK-3M. In some cases  it was neces sa ry  to s t imu-  
late the mechanoreceptors  by means of a second EMS. Sometimes,  in addition, the nerve fiber of the r e -  
ceptor  had to be stimulated electr ical ly .  In these cases  ei ther  a second NGPK-3M or  a GI-2A apparatus 
was used as generator .*  
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