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Several  surveys [5, 7] have shown that rad io te lemet ry  has been increasingly used in recent years. In some 
cases, powerful apparatus is used operat ing over large distances, as in aviat ion and cosmic medic ine ,  and on other 
occasions the observations are made at a smal l  distance,  but the subject is freely moving and is carrying out some 
normal  ac t iv i ty  (as  in studies of the physiology of labor, sport, etc.) .  For this kind of work, which we may  refer to  
as dynamic ,  it  is important  that the apparatus should not be affected by vigorous movements ,  and that the appara-  
tus which is carr ied by the subject should be portable (it is not mere ly  p laced beside him, as it  is for studies of pi -  
lots), and it must not interfere with his movements.  

Considerable diff icul t ies  in recording potentials  are encountered under these conditions. On the one hand, 
the slightest movements  of the e lect rodes  produces gross distortions of the t race,  by changing the contact  between 

the e lect rodes  and the skin, and on the other hand, p ick-up  of the a l ternat ing current vol tage and the varying ear th-  
ing conditions give rise to max imum e lec t r i ca l  interference [8]. The contact  resistance between the electrodes 

and the human body is of great  impor tance;  if it is high, the interference from the mains is great ly increased. 
L. A. Vodolazski i [1,  2] proposed to record potentials  from subjects occupied in industrial  tasks by an e labora te  t rea t -  
ment  of the skin which ef fec t ive ly  reduced the in tere lect rode resistance (down to 10-15 kohm, when measured at 
a constant current of 10 /aa). In this method,  the uppermost layer of the epidermis  is careful ly  removed (by means 
ot a paste con taining finely ground pumice),  and the skin was freed from grease by ether. 

E X P E R I M E N T A L  M E T H O D  A N D  R E S U L T S  
To record the pulse frequency in athletes by means of a radiopulsophone [6], the card iac  rythm was recorded 

from the R wave of the e lec t rocardiogram.  At the outset, we found it essential  to e l imina te  interference caused by 
movements  of the subject.  

We first established a re l iab le  mechan ica l  contact  by means of a special  e lec t rode  (see Figure), and we used 

a double a t tachment ,  the e lec t rode  being fixed both by an adhesive and by suction; also, to make the contact ,  in- 
stead of an e lec t rode  paste we used a homogenous medium consisting of a fluid e lec t ro ly te ,  thu s ensuring max imum 
constancy of the contact  resistance. The electrodes consisted of tin plates and a 15 % solution of stannous chloride;  
it  is thought [4] that  this arrangement  reduces to a min imum the galvanic  and polar iz ing emf 's .  We have previous- 
ly described in de ta i l  the ra t ionale  of this method of picking up potent ials ,  which prac t ica l ly  e l imina tes  interfering 
voltages due to movement  of the electrodes[6] .  

However, in many cases, and par t icular ly  when making studies indoors, e l ec t r i ca l  interference frequently 
occurs. If connect ing the e lect rodes  to the input of the e lect rocardiograph caused considerable uncompensated 

pickup,  then there was also considerable  interference,  consisting of nextra" impulses to the a th le te ' s  movements;  
the same effect  occurred when the apparatus or the supply bat ter ies  were shaken. We noted the e lec t ros ta t ic  factors 
which have been described previously: in a dry building,  where the humidity of the air was low, the interference 
increased considerable ,  but it was reduced if the floor was moistened;  on such days, contact  between the shoes and 
the floor gave rise to considerable  interference,  which could be removed by taking off the shoes. The same kind 
of interference was observed when our apparatus was open c i rcui ted (though of course quant i ta t ively  the effect  was 
very different);  short c i rcui t ing  the input e l imina ted  the effect  ent irely.  All  these facts convinced us that t hecon-  
tact  resistance between the electrodes and the body should not only be constant,  but should also be as smal l  as possible. 
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We found that some reductions of the interference could be obtained by putt ing a resistance of the order of 10 - 15 

kohm in para l l e l  with the body. However, the interference remained,  and the main  task was therefore to improve 

the contacts. 
We measured the value of the interelectrode resistance (IER) with the electrodes in position, and after the skin 

had been prepared in various ways; a number of different e lectrolytes  and pastes and types of e lectrodes were used 
(in a l l  450 combinations were examined).  The IER was measured by means of an ammeter  and a vol tmeter  and an 
a l ternat ing potent ia l  (frequencies of 20, 100, 1,000 and 10,000 cycles ,  and the currents of 0.1, 0.2 and 1 ma); also 
direct  currents of 10 and 5 0 g a  were used as wel l  as an ohmeter .  We found that the IER depends on three pr incipal  
factors m the t rea tment  of  the skin, the area of the electrodes,  and the nature of the e lec t ro ly te .  There was also 
an effect  due to the surrounding temperature [3] and other factors, but they were less important.  

2 1 

Diagram of the arrangement of the fluid suct ion-elect rode.  1) Disc 

of sheet tin; 2) rubber membrane;  3) release valve;  4) ebonite  e l ec -  
trode holder; 5) lead from electrode;  6) turns of c a n o n  thread rein-  
forcing the membrane  (the e lec t rode  is approximate ly  two-thirds 
f i l led with e lec t ro ly te ,  and is a t tached to the skin by Kleol ,  so that  
the release valve is directed upwards. The e lec t rode  is also caused 
to st ick on by suction by pressing on the rubber membrane;  the air  and 

part of the e lec t ro ly te  then pass out through the valve.  

T r e a t m e n t  o f  t h e  S k i n  
The high e l ec t r i c a l  resistance of the skin is due to the properties of the cornif ied layer  of the epidermis ,  and 

to the layer of grease. We found that when the skin is not t reated,  the IER is 30-45 kohm (here and la ter  unless it 
is stated otherwise, t he  results given were obtained with 20-cyc le  a l ternat ing current, a current of 0.2 ma,  and with 
the suction e lec t rode  f i l led with 10 % NaC1); degreasing with alcohol  or with Nikiforov's mixture (alcohol  and ether 
1:1) reduces the IER to 10 - 35 kohm (on the chest it is lower than on the forearm), while the full t reatment  by Vo- 
dolazski i ' s  method reduces it to 0.5 - 1.5 kohm. It is interest ing that in the lat ter  case, the residual  IER is not due 
to the resistance of the  whole mass  of tissue between the e lectrodes ,  but mainly  to the contact  resistance. We have 
shown this to be so several  t imes,  by an exper iment  in which three successive measurements of  the IER were made 
after the full t rea tment :  1) on the forearm, when the distance between the electrodes was 5 era; 2) when one e l e c -  
trode was p laced  at the corresponding position on the other arm (i.e.  the distance between the electrodes had in- 
creased some 10 times);  3) when the second e lec t rode  was fixed within 5 c m  of the first. As a rule, the measured 

resistance was the same in a l l  cases. 

We showed, that with the usual methods of t r ea t ing the  skin, that through moistening and macera t ion  of the 
epidermis  there is a gradual  reduction of the IER when the electrodes are left  on the body for several  hours; during 

the first 1 ! z hours, the IER falls about one- th i rd  of its in i t ia l  value.  After the full t rea tment ,  the IER is i m m e d i a t e l y  
lowered, and shows l i t t le  subsequent change. We also confirmed that  the reduction in the IER at ta ined by the c o m -  
ple te  t rea tment  e l imina tes  the dependence of the resistance on the strength of the current passed. Thus, in exper i -  
ment  61, when the skin was not t reated,  at an a l ternat ing current frequency of 20 cycles ,  the IER for a currentstrength 
o f  1 m a  was 13 .5kohm,  and 0 .2ma  it was 32.5 kohm, and for a direct  current of 10 /Ja it  was 68 kohm, and 

al ter  the comple te  t rea tment  the corresponding figures were 0.7, 0.7, and 2.4 kohm. 
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A r e a  o f  t h e  E l e c t r o d e  
The influence on the IER of the area of contact is due to the fact that the cross section of the portions of the 

body to which the electrodes are attached are sufficiently large in comparison with the surface of the electrodes. 

Our experiments showed that lead electrode handles moistened with salt solution and clamped at the wrists, 
or flat lead electrodes measuring 5 x 13 cm similarly moistened gave a resistance of 4-5 kohm before the skin had 
been treated, and after degreasing the resistance was 2-  2.5 kohm. It should be noted that the annular a luminium 

suction electrode having an area of 1.9 cm ~, and a contact area of the electrolyte with the skin (the true contact 
area) of about 2.85 cm 2 gave under the same conditions an IER of 30 - 45 and 10-  35 kohm respectively. 

The significance of electrode area was made very clear in experiments with needle electrodes consisting of 

hypodermic needles inserted under the skin. Here the IER was 1.2-  1.7 kohm, i.e. 10 - 30%ogreater than that of the 

suction electrodes after complete treatment of the skin. The transfer of one of the electrodes on the other arm did 

not change the IER from the value that had been obtained when the separation had been 5 cm. It follows therefore 

that most of the resistances contributed at the area of contact ,  not through any property of the skin (because this 
insulating layer was excluded), were due to the very small  area of contact. Because with the needle electrodes 
the area of contact is always small,  the method has no advantage over the use of surface electrodes and complete 
skin treatment.  This is an extremely important fact, because subcutaneous needle electrodes are usually thought to 

be the best method of leading off potentials [10 and others]. It should' also be noted that when the electrode area is 

extremely small, polarization caused by the current used for the measurement becomes so great that there is no 

meaning in the value obtained with a direct current. Thus, the values of the IER measured with an alternating cur- 

rent were almost ident ical  (of the order of 1 - 1.5 kohm), suction electrodes gave a resistance of 2.5 -5 kohm for a 

direct current strength of 10/ta, whereas the needle electrodes indicated 100 - 110 kohm. 

P r o p e r t i e s  of  t h e  E l e c t r o l y t e  
Ini t ial ly we used a 15 %0 solution of SnC1 z, but in some people this irritated the skin, and also stained the 

clothing;  we therefore replaced it with a solution of sodium chloride. 

First of all  we measured the resistance of solutions of different electrolytes. It was found that evenwith  needle 
electrodes immersed in a bath containing an electrolyte,  and separated by 7 mm from each other, the resistance to 

a 20-cycle al ternating current of 1 ma varied from 10 to 200 ohm. In a 15%solution of SnC12, the conductivity was 
better than it was with weaker solutions, and better also than when 0.9 and 10%o sodium chloride solutions were used. 

Tap water has a resistance about 10 times g r e a t e r -  2.5- 5 kohm. Having found how low is the resistance of the e lec-  

trolytes themselves, we saw that for these small values, the differences betwen them were unimportant,  and we there- 

fore changed over to using sodium chloride. There was then naturally the danger of polarization of the tin e lec-  

trodes, but because there was no constant emf applied to the electrodes, the difficulty did not arise in practice. 

When we compared the IER for 0.9 and for 10% sodium chloride solutions, we found that despite the small  

value and the near identity of the resistance of these electrolytes, after complete treatment of the skin, the 10% 
solution gave a much smaller IER(0.5-1.5 kohm as against 2-4 kohm). The reason was not clear~ because however the 
IER was smaller with the  10% solution, we used this strength, and a further reason was that in tests with pastes(VNII 
MIiO, Al'var) the IER was no less. The 10%o NaC1 solution had no irritant effect, despite the fact that the complete 

treatment involved removal of the upper layer of the epidermis. 

As a result of all our investigations, we finally settled on the following method of leading off the potentials. 

We carried out a complete treatment of the skin, rubbing it with a 3 - 4 : 1  mixture of a cleansing cream and 

pumice until  a moderate degree of hyperemia had developed, and then degreasing with Nikiforov's mixture. The 

cleansing cream by itself degreased the skin sufficiently, because there was no further reduction in the IER after 
t reatment with alcohol and ether: however, this latter t reatment cleanses the skin, and facilitates the adhesion of 

the electrodes, and makes it possible to remove traces of cleol  after the experiment,  and we employed it for this 

reason. Unlike many other authors, as a conducting medium we used not a paste, but a liquid electrolyte consis- 
t ing of a 10% solution of sodium chloride: its advantages were as follows: it was simple to use, easily available,  and 
completely homogeneous; the contact resistance was therefore reliably reproduced, and it was convenient  to use in 

connection with the suction electrodes. 

To secure the electrodes to the skin of the thorax over the axis of the heart, we used a combined method con- 

sisting of adhesion with cleol, and suction. It is then not necessary to use any bandaging with piaster, as other authors 

have done. Further, if such electrodes are used with the subject relatively at rest, the adhesive need not be used[12]. 
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As we have already said, the resistance to a 0 .2ma 20 cyc le  current was 0.5 - 1.5 kohm, and to a 10/in direct 
current it was 2.5 - 5 kohm (as against 10- 15 kohm in L. A. Vodolazskii 's  method,  owing to the greater area of our 
electrodes).  

This method of  reducing the IER, which gives better  results even than needle electrodes,  should be useful for 

work with b io logica l  transistor amplif iers  [7, 9, 10], where the low value of the input resistance demands a min ima l  
IER. 

In prac t ice ,  to control the value of  the IER at the beginning of any exper iment ,  there is no need for any special  
ammete r  or vol tmeter  circuit .  For the area of electrodes which we used, no appreciable  error in the measurement  
is caused by polar izat ion when a direct current is used, and the test instrument TT-1,  used as an ohmeter  (on range 
100) gives ent i rely satisfactory results. As a rule, the IER is only 10-  30 %greater  than when measured on a 0 .2ma  
al ternat ing current. When the resistance is measured on the test instrument, the current passing through the body 
after complete  skin t reatment  is also 0.2 - 0.3 ma. The method of leading off the potentials  which we have described 
gives a resistance on the test meter  of  1 - 2.5 kohm. This value of IER makes re l iab le  recording of b io logica l  poten-  

t ials possible, and greatly reduces interference due to bad contacts. 

From our investigations we may  draw the following conclusions. For radiote lemetry  of  cardiac  potentials  from 
act ive human subjects, there must be a re l iable  e l ec t r i ca l  contact  between the electrode and the skin which w i l l e x -  
elude unwanted voltages caused by movement  of the electrodes,  and which will  effect ively reduce the interelectrode 
resistance, thus e l imina t ing  a great dea l  of the e l ec t r i ca l  interference,  and reducing ampli tude and frequency distor- 
tion. We have established a method o f l ead ingof fpo ten t i a l swhich invo lves  a comple te  t reatment  of the skin by 
Vodolazskii 's  method,  and a combined method of a t taching the electrodes (adhesion and suction). Instead of an 
e lec t rode  paste, we used a 10%NaC1 solution. With this method and with the e lec t rode  construction which we de-  
veloped,  the interelectrode resistance to a 20 cycle  al ternat ing current was reduced to 0.5 - 1.5 kohm, while to a 
direct  current of 10 /aa the resistance was 2.5 - 5 kohm. The method is more effect ive than the insertion of needle 

electrodes subcutaneously. In addition to its appl ica t ion  to radiote lemetry ,  it may  also be used for other purposes 
to record b io log ica l  potentials  in moving subjects, and also for work with b io logica l  transistor amplifiers,  where a 

low value  of interelectrode resistance is essential.  

S U M M A R Y  
A comparison was made of various methods of transmitt ing cardiac  potentials  by radiote lemetry;  the frequen- 

cy of the hear tbeat  was recorded by means of the radiopulsophone, ut i l iz ing the R wave of the e lect rocardiogram.  
From the data obtained,"suction ~ electrodes were developed,  and the paste normal ly  employed was replaced with 
a 10 a/o sodium chloride solution. The area of e lec t rode  in contact  with the skin was 2.85 cm z. The procedure was 
as follows: comple te  t rea tment  of the skin was applied using Vodolazski i ' s  method:  the upper epidermis  was removed 
careful ly by means of a cream containing finely ground pumice  and the skin was then degreased with ether and a l -  
cohol. The electrodes were fixed with the adhesive c leol ,  and suction. In this way,s tab le  contact  and a low value 
of contact  resistance Was obtained,  and the result was a reduction of interference originating from movement  of the 
electrodes,  and of e l ec t r i ca l  interference due to the high value of the contact  resistance. When measured with a 
20 cyc le  al ternat ing current, the in ter -e lec t rode  resistance had the low value of 500- 1,500 ohm, a value which is 
ac tual ly  lower than that obtained with subcutaneous needle  electrodes.  The method described wil l  be  of great use 

in work with b io logica l  transistor amplifiers.  
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