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The method of recording biopotentials by means of glass microelectrodes is being used on an increasing scale 
in laboratories, as one of the most accurate and objective available. However, the glass microelectrodes in use at 
the present t ime possess a number of disadvantages. Firstly, the potential of the point of the electrode is very slow 
to change and is difficult to control experimentally [3], thus hampering measurement of the resting potentials, and 
secondly, the electrical resistance of the point is high, and this, combined with the capaci tance of the electrod% 
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Fig. 1. Equivalent scheme of the system 

microelectrode--cel l .  

leads to distortion of the shape of the action potentials at the 
output end of the microeiectrodes [4]. The available methods 
of correction of high-frequency distortions introduced by the 
microelectrode also have several disadvantages. Experimental 
tests have shown that amplifiers with a ~negative input capac i -  
tance ~ cannot be used to compensate the action of input capac i -  
tance if the latter is above a certain critical leveI. In addition, 
during insertion of the electrode, a considerable increase in its 
resistance is very often observed, as a result of soiling of the point. 
In this case an amplifier witha "negative input capaci tance" is 
usually excited. This fact,  together with the development of con-  
siderable amplifier noise during attempts to introduce careful 
compensation, prevents an optimal level of amplification from 
being achieved. 

We give below an analysis and the development of an actual circuit of a preliminary amplifier for working 
with glass microelectrodes, which is largely free from the disadvantages enumerated above. 

Analysis of the Method. The system microelectrode-cel l  (Fig. 1) is described by an operationequation[2,3,7]o 

Uin.el. = (I+pRel .  Cel.)Uout.el .  (1) 

where Rel" and Cei" are the resistance and capaci tance of the microelectrode, p the differentiation operator [2], and 
Uin.el. and Uout.el" the voltage at the input and output of the microelectrode.  

One method of reducing the effect of the differential term in the equation is by introducing a feedback signal 
from the output of the system to its input (the method of summation of operators [2]). However, the introduction of 
a feedback voltage in series with Uin. el.  is impossible in practice. 

Let us consider the variant of including a feedback in series with Uout.el" (Fig. 2A). In this case, 

Uin.amp. = Uout.el. + Ufb. (2) 

but Ufb. = Uin.amp" - k, (3) 
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where 

when 

or 

k = kamp.  �9 kfb" (4) 

_ Uin.el .  + Uin.amp" �9 k, (5) 
Uin-amp �9 1 + pRel .Cel" 

Uin el. = (1 --k)(1 + pRel" Cel . )  �9 Uin.amp .. (6) 

For undistorted transmission of  the signal it  is essential  that (1 - k ) ( 1  + pRel" Cel . )  = 1, i . e . ,  

k - pRel" Cel" (7) 
1 + pRel" Cel" 

If  it is assumed that the ampl i f ie r  does not introduce distortions, i . e . ,  i t  possesses a l inear  frequency cha rac -  
teristic over a fair ly broad band of frequencies,  then the feedback ci rcui t  must also possess the same coeff icient  of 
transmission. 

The coeff ic ient  of transmission 

kfb - PRel" Cel" - Rel" (8) 
�9 1 

1 + pRel" Cel" Rel. + pCel .  

is provided by the ordinary CR circui t  (Fig. 2B). In this system the t ime  constant of such a circui t  must be equal  to 
the t ime  constant of the system mic roe l ec t rode -ce l l .  

In the calculat ions given the presence of input resistance and input capac i t ance  of the ampl i f ie r  was not taken 
into account.  However, the use of a cathode repeater  with a transmission coeff ic ient  close to 1 [8, 6] as input cas -  
cade made it possible to disregard these values without significant error in the p rac t ica l  calcuIat ions.  Furthermore, 
in the presence of input capac i tance  of the ampl i f ie r ,  it  is possible to deduce the equation 

kfb. = Rei" (9) 
1 

Rel , ~ pCel" 

where Csum. = Cel" + Cin .amp .. 

The relationships obtained are confirmed exper imenta l ly .  
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Fig. 2. Inclusion of a feedback.  A) Block diagram of 
inclusion of feedback; B) diagram showing principle 
of feedback circuit �9 

Construction of Ampl i f ie r  in Accordance with this 
Scheme.  The original  variant was to introduce the feed-  
back signal into the c i rcui t  of an indifferent e lectrode.  
However, this made  it impossible to use more than one 
channel of ampl i f ica t ion  at the same t ime.  For this rea -  

son the variant shown in Fig. 3 was developed.  

The feedback signal is fed into the cathode circui t  
of the first tube.  The ma x ima l  value of the t ime  con-  
stant of the feedback circui t  is se lected by the condenser 
C 2 and the poten t iometer  R 4. The first cascade is buil t  
up in accordance  with the circui t  of a cathode repeater  
on a type 6ZhIZh pentode. To obtain a transmission coe f -  
f icient  of the cathode repeater  close to 1, and also to 
diminish the effect  Of the transfer capac i t ance  of the tube 
on the screen grid, a positive feedback is supplied [5]. 
Its depth is regulated by the potent iometer  tt6. Adjust-  
ment of the grid current of the input tube to the value 
of 10 "12 A is brought about the correct  choice of grid 
bias (resistor R10), lowering the f i lament  voltage to 4.8~ 
5 V, and lowering the anode voltage to 60-70 V. The key 
Pl is used to change the mode of operation of the input 
cascade.  In the 1st position the circui t  is brought into a 
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Fig. 3. Scheme showing the principle of the ampl i f ie r .  T1) 6ZhIZh; T2) 6N2P; Ta) gZhlP;  
al) 3o kS; a2) 360 kS; a3) 33o kS; N) 33k~; P-s) 75 kS; P~) 470 k~; RT) 270 kS; Rs) 36O k~; 
R~) 150 kS; Rt0) 100 kS; Rn) 220 kS; R~ a) 110 kf2; Rta ) 1.5 kS; Ri4) 33 kS; R~s) 47 kS; 
Rt6) 120 kg?; Rt7) 24 kS; a18) 2.2 kfa; R19) 68 kS; R,0) 180 kS; Q )  1000 pF; Ca) 10,000 pF; 
Ga) 220pF;  C 4) 2200 pg. 

working state;  in the 2nd posit ion compensat ion is carr ied out [1, 5]; and in the 3rd position the microe lec t rode  is 
"c leaned"  by pressing the button B. The process of "c leaning"  consists of passing a constant current of any polar i ty  

(key P2 and strength control led by poten t iometer  Rs) through the microe lec t rode ,  which leads to the removal  of any 
possible part icles  from the point of the microe lec t rode ,  causing a large increase in its resistance. In the same posi-  
t ion,  an e lec t rophore t ica l ly  staining substance may  be introduced from the point of the microe lec t rode  in order to 
mark its si tuation.  The key Pl and the whole assembly of the first cascade must be mounted on an insulator to c rea te  
minima1 input capac i t ance  re la t ive  to earth.  The input cable  is coax ia l ,  and 50 cm in length. 

The second cascade is assembled in accordance  with a ba lanced c imui t  on a 6N2P double diode.  To exclude 
the act ion of the feedback signal d i rec t ly  on the second cascade,  the feedback voltage is supplied from the dividers 

formed by the resistor Rs and tube T 1 and the resistors P~ and R12, to both grids of the balanced cascade,  respect ively.  
The poten t iometer  RIs is used to select  the grid bias for the right half  of the tube.  

The third cascade also is constructed in accordance  with the c i rcui t  of a cathode repeater  on a 6ZhlP tube.  

The choice of a tube with a fair ly steep gradient  enabled the output resistance to be lowered.  The ampli tude of 
the feedback signal is control led by the potent iometer  R16. The potent iometers  Rls and R19 are used to give fine and 
coarse select ion of zero potent ia l  re la t ive  to earth.  

The ampl i f ie r  is fed from elec t ronic  stabil izers  with a high (2000-3000) coeff ic ient  of s tab i l iza t ion ,  or from 
a bat tery .  

Experimental  trials of the circui t  showed that i t  is capable  of compensat ing the act ion of much larger input 
RC couplings,  with a lower  noise l eve l  than a circuR with a "negat ive input c apac i t ance . "  A distinguishing feature 
of the c i rcui t  is the absence of exc i ta t ion  during a sharp increase in the resistance of the point of the e lect rode.  The 
circui t  is transformed into a se l f -osc i l la t ing  system only if the point of the microe lec t rode  is broken, i .e , ,  as a re -  
sult of a sharp decrease in its resistance. This enables the feedback vol tage to be se lec ted  more careful ly  during 
compensat ion.  

The frequency character is t ic  of the c i rcui t  is l inear  from 0 to 20 kcps. The intrinsic noise level  does not e x -  
ceed 10 pV. The coeff ic ient  of ampl i f i ca t ion  is around 10. 
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ations of the abbreviations as given in the original Russian journal. Some or all of this peri. 

odical  l i terature may well  be avai lable  in English translation. A complete l ist  of the cover-to. 

cover Engl ish translations appears at the back of this issue. 
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