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An e l e c t r o m e t r i c  t r a n s d u c e r  enabling contac t less  record ing  of low-f requency  v ibra t ions  of 
the pat ient ts  chest  wall  is suggested.  Circui ts  used in the ins t rument  provide  k ine tocardio-  
g r a m s  of s table  ampli tude.  By a l t e r ing  the p a r a m e t e r s  of the t r ansduce r  (time constant of 
the input circui t) ,  k ine toea rd iog rams  of d i sp lacement  o r  veloci ty  can be obtained a s  the in- 
ves t iga to r  wishes .  

Exis t ing contact  methods of k ine tocardiography [1-3, 5, 6] have a number  of d isadvantages  due to the 
inconvenience of fixing the de tec to r  to the patientTs body, to the d is tor t ing effect  of the t r ansducer  conver t -  
ing mechanica l  waves  into e lec t r i ca l ,  and to the psyohological  emotional  influence of these  methods  on the 
patient .  

An a t tempt  to develop a con tac t less  method of invest igat ing the mechan ica l ac t i v i t y  of the heart ,  based  
on record ing  changes in its volume and posi t ion with the patient  in a high-frequency capac i to r  e lec t r i c  field, 
has been desc r ibed  in the l i t e r a t u r e  [7]. Mechanical  osc i l la t ions  of the hear t  a r e  t r a n s f o r m e d  into e l ec t r i -  
cal  waves  at high frequency,  and the h igh-f requency potent ia ls  a r e  subsequent ly  conver ted  into low-frequency.  

The method of con tae t less  f r ee  k ine tocard iography now suggested enables  low-f requency  v ibra t ions  of 
the hear t  in the range 1-12 Hz to be reproduced  without fu r the r  t r ans fo rma t ions  of the useful signal .  The 
input e l e c t r o m e t r i c  t r a n s d u c e r  cons is t s  of an ampl i f i e r  with high input r e s i s t ance  of the o r d e r  of 10~-101~ 
and low input equivalent  capac i to r  of the o r d e r  of 1 pF, the input of which inco rpora t e s  a probe e lec t rode  

�9 consis t ing of a meta l l i c  disk 30 m m  in d i ame te r .  

The theore t ica l  c i rcui t  of the input e l e c t r o m e t r i e  t r ansduce r  is shown in Fig.  1. The probe  e lec t rode  
E is  connected through the isolat ing capac i to r  Cs to the regu la to ry  gr id  of an e l e c t r o m e t r i c  tube L 1. A 
s table  voltage source  B is connected through r e s i s t o r  R to the probe  e lec t rode .  Res i s t o r  Rl is the leak 
r e s i s t o r  of the e l e e t r o m e t r i c  tube, to which the ampl i f ica t ion  cascade  is connected.  Capac i to r  Cs i so la tes  
the dc voltage source  B f r o m  the c i rcu i t  of the r egu la to r  gr id .  The va r i ab le  voltage f r o m  the tube anode 
is  fed through a connecting cable to a s tandard  e l ec t roca rd iog raph  of the EKPSCh type for  fu r the r  ampl i f i -  
cation and record ing .  

By means  of the e l e c t r o m e t r i c  t ransducer ,  mechanica l  v ibra t ions  of a tes t  a r e a  of the chest  wall can 
be r eco rded  at a d is tance by detect ing the e lec t r i c  field due to na tura l  o r  a r t i f ic ia l  cha rges  on the pa t ien t ' s  
body. Since the natura l  charges ,  resul t ing  f r o m  a po la r iza t ion  effect,  a r e  unstable,  a s table  source  of con- 
s tant  vol tage was used to supply the n e c e s s a r y  energy  for  charging the p a r a m e t r i c  capac i to r  fo rmed  by the 
probe  e lec t rode  and the su r face  of the pat ientrs  body. In this way, during t r ans fo rma t ion  of mechanica l  
osc i l la t ions  into e lec t r i ca l ,  the vol tage source  B constant ly cha rges  the p a r a m e t r i c  capac i to r .  The magn i -  
tude of the charge  on the capac i to r  is de te rmined  by i ts  capaci tance  and the voltage of source  B, which is 
chosen with the object  of obtaining a useful  s ignal  of adequate strength,  on the one hand, and f r eedom f r o m  
clipping in the anode-gr id  c i rcu i t s  of the tube, on the o ther  hand; i ts  value is 10-20 V. 
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Fig. io Theoretical circuit of input electrometric transducer 
(explanation in text). 

Fig~ 2. Equivalent diagram of input circuit of transducer (expla- 
nation in text). 

During the invest igat ion the pat ient  l ies  on his back.  The p robe  e lec t rode  together  with the input 
t r a n s d u c e r  is  fixed to a stand above the pa t i en t ' s  ches t .  A s tandard  gap (10 ram) is maintained between 
the pa t i en t ' s  body and the p robe  e lec t rode .  The k ine toca rd iogram is r eco rded  during voluntary  expira t ion.  
The p robe  e lec t rode  is p ro jec ted  a l t e rna te ly  on the des i r ed  points of the p r e c a r d i a l  zone. Movements  of 
the tes t  a r e a  of the pa t i en t ' s  body genera te  an emf  at the output of the e l e c t r o m e t r i c  t r a n s d u c e r .  

Mechanical  v ibra t ions  (displacements)  of the pa r t  of the body under  the probe  e lec t rode  a r e  t r a n s -  
f o r m e d  into osci l la t ions  of the e lec t r i c  f ield of the p a r a m e t r i c  capac i to r  fo rmed  by this e lec t rode  and the 
sur face  of the pa t i en t ' s  body beneath  it .  This capac i to r  can be cal led p a r a m e t r i c ,  because  i ts  capac i tance  
is  a p a r a m e t e r  of the record ing  s y s t e m  ca r ry ing  out the convers ion .  Movements  of the body cause  changes 
in the dis tance between the p la tes  of the capaci tor ,  i .e.,  changes in i ts  capaci tance  and the vol tage on it. 
The n e c e s s a r y  energy  for  t r an s fo rm a t i on  is provided by the stable dc source  B, which charges  the p a r a -  
m e t r i c  capac i to r  to a voltage U0o Let  the mechan ica l  d i sp lacement  of the tes ted  a r e a  of the body be des -  
c r ibed  by the function: U (t). It can be shown that the voltage at the input of the e l e c t r o m e t r i c  t r ansduce r  
changes in accordance  with the s a m e  law. The dis tance  between the p la tes  of the p a r a m e t r i c  capac i to r  is  
de te rmined  by the equation: 

d = do + Ad. y (0, 

where  d o is the mean  dis tance between the p la tes  and Ad is the m a x i m u m  d i sp l acemen t  of the tes ted  p a r t  
of the body f r o m  i ts  mean  posi t ion.  

A change in dis tance between the capac i to r  p la tes  leads to a change in i ts  capac i tance  and in the 
vol tage on it. The capaci tance  of the capac i to r  is de te rmined  by the  formula:  

es  
c -  d , 

where  e is  the d ie lec t r ic  p e r m e a b i l i t y  of the d ie lec t r ic  between the capac i to r  plates ,  S the a r e a  of the 
pla tes ,  and d the dis tance between them.  

The m o m e n t a r y  vol tage on the capac i to r  can be e x p r e s s e d  through the charge  q and capaci tance C as 
follows: 

U - -  
q q q 

(11 
d o + hd .  Y (t) d d 

In the expres s ion  obtained above the f i r s t  t e r m  is  the constant  vol tage U0= q/C0, and the second t e r m  
the va r i ab le  voltage U ~  = (q/AC) "Y(t), which changes in accordance  with the s a m e  law as the mechan ica l  
d i sp lacemen t s  of the tes t  a r e a  of the body.  
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Fig.  3. K ine toca rd iog rams  of d i sp lacement  (a) and veloci ty (b) 
r eco rded  in subject  N., aged 29 yea r s ,  f rom the region of the 
fourth in te rcos ta l  space  nea r  the r ight  b o r d e r  of the s te rnum,  
in phase  with the ECG (lead II). 

It a lso follows f rom e x p r e s s i o n  (1) that the p a r a m e t r i c  capac i to r  can be replaced  by a capac i to r  C o = 
eS/d 0 with constant  voltage U 0 and a capac i to r  AC = gs/Ad with a charge  varying in accordance  with the law: 

q (t) = q . Y  (t). 

connected in s e r i e s .  

In accordance  with the above descr ipt ion,  an equivalent d i ag ram can be drawn f o r  the va r i ab le  cur ren t  
of the input c i r cu i t s  of the input t r a n s d u c e r  which, for  p rac t i ca l  purposes ,  de t e rmines  its f requency c h a r a c -  
t e r i s t i c s  (Fig. 2). In it, the p a r a m e t r i c  capac i to r  is r e p r e s e n t e d  by a va r i ab le  voltage gene ra to r  U~ and a 
constant  capac i to r  C o which (for a p robe  e lec t rode  30 m m  in d i a m e t e r  and a gap of 10 m m  between it and 
the sub jec t ' s  body) has a value of the o r d e r  of 18 pF .  The capac i to r  AC is much l a r g e r  in capaci tance  than 
Co, and on the equivalent d i ag ram,  like the i so la ted  capac i to r  Cs, it is t he re fo re  d i s rega rded .  The equiva-  
lent r e s i s t o r  R e cons is t s  of the leak r e s i s t o r  Rl ,  the r e s i s t o r  R, and the input r e s i s t ance  of the tube, con- 
nected in pa ra l l e l .  Capac i to r  C 1 cons is t s  of the input capaci tance  of the tube, the d is t r ibuted capaci tance 
of the leak r e s i s to r ,  and the s t r a y  capac i tance  of the a s sembly ,  connected in para l le l ,  has a value of the 
o r d e r  of 1 pF .  

To r eco rd  the k ine toca rd iog ram of d isp lacement ,  p a r a m e t e r s  of the input c i rcui t  must  be so se lected 
that the useful  signal is pa s s ed  without d is tor t ion.  It is  known [4] that fo r  d i s to r t ion less  reproduct ion by 
means  of a l inear  quadripole of a signal with act ive spec t r a l  width f r o m  the lower  l imit ing f requency fll to 
the upper  l imit ing f requency ful the following re la t ionship  mus t  hold good: 

and 

1 

T1 ~ 2n. ftz (2) 

(3) To ~ 
- 2~.fu l 

where  T1--I:{ e "C O (4) is the t ime  constant  of the input c i rcu i t  in the low frequency region, and v2=Re ~ C (5) 
is  the t ime  constant  of the input c i rcu i t  in the upper  f requency region.  Taking f l l= l  Hz and fu/=12 Hz, we 
obtain f r o m  expres s ions  (2) and (3) T 1--> 0.16 see and ~2 ---0.013 sec .  It is  easy  to find f rom expres s ions  (4) 
and (5) that R e mus t  be of the o rde r  of 10 ~ .  

In the case  of r ecord ing  the k ine toca rd iogram of velocity,  the input c i rcui t  of the t r ansduce r  must  
p e r f o r m  differentiat ion,  i .e. ,  it mus t  sa t i s fy  the condition: 

T,. 2~. f < l .  (6) 

F o r  s ignals  with a f requency s pec t rum  with highest f requency  f m a ~  condition (6) will be exp re s sed  by: 

l 

TI~ 2~. fmax " 

Since fmax  = 12 Hz, fo r  con tac t l e ss  record ing  of the k ine toca rd iogram of velocity,  the t ime  constant  of the 
input c i rcu i t  of the t r a n s d u c e r  must  be: 
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1 
�9 1 <(< 2~c. 12t,~ - 0.013 see, 

Let  T1 be chosen to be 0,001 sec .  When Co= 18 pF, the equivalent  r e s i s t ance  Re mus t  be 5 x 107 fL 

By changing the p a r a m e t e r s  of the input c i r cu i t  of the t r ansduce r ,  it is thus poss ib le  to r e c o r d  d i s -  
p l acemen t  (Fig. 3a) o r  ve toc i ty  (Fig. 3b) of d i f ferent  points of the p r e c a r d i a l  zone s epa ra t e ly  and without 
d is tor t ion .  
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