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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 time 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 capacitance of the electrode,

leads to distortion of the shape of the action potentials ar the
output end of the microelectrodes [4], The available methods

Re1, of correction of high-frequency distortions introduced by the
I - microelectrode also have several disadvantages. Experimental
tests have shown that amplifiers with 2 "negative input capaci-
1 tance™ cannot be used to compensate the action of input capaci-
Uin.el/vn T Cel. Uout.el.  tance if the latter is above a certain critical level, 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 capacitance™ is
Fig. 1. Equivalent scheme of the system usually excited. This fact, together with the development of con-
microelectrode —cell, 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-cell (Fig. 1) is described by an operationequation[2,3,7].

Uin.el, = 1+ PRe1, Ce1) Uyt el. (D

where Ryg, and Cgj, are the resistance and capacitance of the microelectrode, p the differentiation operator [2], and
Uin.el, and Ugy; o1, 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 Ujp, 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. = Yout.er.™ Uth. (2)
but Uth.” Uin,amp. *k, (3)
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where k= kamp. * ke, (4)

. Uinel, .
when Uin.amp, = T+ pRe1,Col, | Uin.amp. * X (5)
or Uin.el. = (1 =KX1 + pRei, Ce1,) * Uin,amp.,- (6)

For undistorted transmission of the signal it is essential that (1 —k)(1+pRgj Cep,) = 1, i.e.,

- PRel. cel. (7)
1+ PRe1, Cel.
If it is assumed that the amplifier does not introduce distortions, i.e., it possesses a linear frequency charac-
teristic over a fairly broad band of frequencies, then the feedback circuit must also possess the same coefficient of
transmission.

The coefficient of transmission

- _PRe1Cel, . _ Rl )
1+pRey, Cel. Rop +

PCel,

is provided by the ordinary CR circuit (Fig. 2B), In this system the time constant of such a circuit must be equal to
the time constant of the system microelectrode-cell.

In the calculations given the presence of input resistance and input capacitance of the amplifier was not taken
into account, However, the use of a cathode repeater with a transmission coefficient close to 1 [5, 6] as input cas-
cade made it possible to disregard these values without significant error in the practical calculations. Furthermore,
in the presence of input capacitance of the amplifier, it is possible to deduce the equation

kep, = —— e, ©
Rei, t——
PCel,
where Cyym, = Cel, + Cipamp.:

The relationships obtained are confirmed experimentally.

Construction of Amplifier in Accordance with this
Scheme. The original variant was to introduce the feed-
back signal into the circuit of an indifferent electrode.
However, this made it impossible to use more than one
. channel of amplification at the same time. For this rea-
out;. amp.  son the variant shown in Fig. 3 was developed.

el. Ujn. amp.

Uin. el. Cel, Kamp.

U

out. el. The feedback signal is fed into the cathode circuit
Ui | of the first tube., The maximal value of the time con-
stant of the feedback circuit is selected by the condenser

C, and the potentiometer Ry. The first cascade is built

up in accordance with the circuit of a cathode repeater

B on a type 6ZhiZh pentode. To obtain a transmission coef-

ficient of the cathode repeater close to 1, and also to

I diminish the effect of the transfer capacitance of the tube
on the screen grid, a positive feedback is supplied [5].

Uto’ £ Uout. amp. Its depth is regulated by the potentiometer Rg. Adjust-

1 ment of the grid current of the input tube to the value

—_

of 10712 A is brought about the cormect choice of grid

bias (resistor Ryy), lowering the filament voltage to 4.8-
Fig. 2. Inclusion of a feedback, A) Block diagram of 5 V, and lowering the anode voltage to 60-70 V. The key
inclusion of feedback; B) diagram showing principle P, is used to change the mode of operation of the input

of feedback circuit, cascade, In the 1st position the circuit is brought into a
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Fig. 8. Scheme showing the principle of the amplifier, T,) 6ZhiZh; T,) 6N2P; T;) 6ZulP;
R;) 30 k2 Ry) 360 kQ; Rg) 330 kQy; Ry) 33kQ; Rs) 75 kQ; Rg) 470 kQ; Ry) 270 kQ; Rg) 360KkQ;
Rg) 150 kQ; Ry) 100 KQ; Ryy) 220 kQ; Ryp) 110 kQ; Ryg) 1.5 kQ; Ryy) 33 kQ; Rys) 47 kQ;

Rig) 120 KQ; Ryp) 24 kQ; Ryg) 2.2 kQ; Ryg) 68 kQ; Ry) 180 kQ; Cy) 1000 pF; Cp) 10,000 pF;
Cg) 220 pF; Cy) 2200 pF,

working state; in the 2nd position compensation is carried out {1, 5]; and in the 3rd position the microelectrode is
"cleaned” by pressing the button B. The process of "cleaning™ consists of passing a constant cuirent of any polarity
(key P, and strength controlled by potentiometer Rg) through the microelectrode, which leads to the removal of any
possible particles from the point of the microelectrode, causing a large increase in its resistance. In the same posi-
tion, an electrophoretically staining substance may be introduced from the point of the microelectrode in order to
mark its situation. The key P; and the whole assembly of the first cascade must be mounted on an insulator tocreate
minimal input capacitance relative to earth. The input cable is coaxial, and 50 cm in length.

The second cascade is assembled in accordance with a balanced circuit on a 6N2P double diode, To exclude
the action of the feedback signal directly on the second cascade, the feedback voltage is supplied from the dividers
formed by the resistor Ry and tube T, and the resistors Rg and Ry, to both grids of the balanced cascade, respectively.
The potentiometer Ryg is used to select the grid bias for the right half of the tube.

The third cascade also is constructed in accordance with the circuit of a cathode repeater on a 6Zh1P tube,
The choice of a tube with a fairly steep gradient enabled the output resistance to be lowered. The amplitude of
the feedback signal is controlled by the potentiometer Rjs. The potentiometers Rig and Ryq are used to give fine and
coarse selection of zero potential relative to earth.

The amplifier is fed from electronic stabilizers with a high (2000-3000) ;oefﬁcient of stabilization, or from
a battery.

Experimental trials of the circuit showed that it is capable of compensating the action of much larger input
RC couplings, with a lower noise level than a circuit with a "negative input capacitance,” A distinguishing feature
of the circuit is the absence of excitation during a sharp increase in the resistance of the point of the electrode, The
circuit is transformed into a self-oscillating system only if the point of the microelectrode is broken, i.e., as a re~
sult of a sharp decrease in its resistance. This enables the feedback voltage to be selected more carefully during
compensation.

The frequency characteristic of the circuit is linear from 0 to 20 keps. The intrinsic noise level does not ex-
ceed 10 pV, The coefficient of amplification is around 10,
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