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In experiments and in the cl inic ,  it  is frequently necessary to determine the average frequency of the EEG, 
for example ,  when studying the effect of drugs on the EEG, when monitoring the course of narcosis, and in other 
cases. A graphic determinat ion of the average EEG frequency [1] has not been widely used because i t  is cumbersome 
and this method has a compara t ive ly  iow accuracy.  

In this work, we will  present a method for measuring the average EEG frequency and describe design modif ica-  
tions in the circuit  of the ICh-6 and ICh-7 analog frequency meters which are necessary to expand the measurement 
l imits  to 1 cps. 

These frequency meters, designed to measure the frequency of periodic signals, can be successfully used to 
measure the average frequency of low-frequency nonperiodic signals, including various biopotentials - E E G ,  e iec t ro-  
myograms, etc. In this case, the average frequency is determined bythe  number of alternations of the sign of the 
signal in unit t ime.  

Certain modifications must be made in the measuring portion of the circuit  of these frequency meters to 
measure the average frequency of low-frequency signals. Figure 1 shows the modified basic circuit  of the ICh-7 
frequency meter. 

The frequency meter consists of a pulse shaper, integrator,  and recorder. The circui t  of the frequency meter 

operates in such a manner that each t ime the signal of the EEG has a positive value,  a vol tage impulse of a certain 
ampl i tude  duration is del ivered from the pulse shaper to the integrator.  The number of impulses per unit t ime  
(average frequency) is determined by the integrat ing circuit .  The average frequency is recorded by an automat ic  
potent iometer  from the output of the integrating circuit.  

The shaper consists of a reservoir capaci tor  Cr, switch tube LI, cl ipper Lz, and a double charging-discharging 

circui t  L a. When the input signal has a negative voltage,  the reservoir capaci tor  C r is charged through diodes L 2 
and L a from the L 4- and Ls-tube vol tage regulator. 

When the input signal has a positive voltage, the capaci tor  C r is discharged through switch tube L 1 and diode 
L 3 to the integrat ing circuit  RiCi. 

The average recharging current of the reservoir capaci tor  is measured by instrument I i ,connected to the inte-  
grating system. Since each counted impulse carries a certain charge (q = CrU), the average current passing through 

the reservoir capaci tor  and correspondingly through the measuring instrument is proportional to the average frequency 
of tile input signal (I = qfav). 

The sensitivity of the frequency meter at a constant capac i tance  of the reservoir capaci tor  depends on the 
magnitude of resistance R i of the integrating circuit.  A change of R i permits smooth regulat ion of the range of 
measured frequencies fay. To shift the l imits of measurements of the average frequency toward lower frequencies 
(to 1 cps), the capaci tance  of the reservoir capaci tor  in the circuit  of the frequency meter  is increased to 0.5 pF. 
In the frequency range above 10 cps, the ICh-6 and ICh-7 instruments can be used without changing the capac i tance  
of the reservoir capacitor .  
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Fig. 1. Basic circuit of frequency meter. 

The error of measuring the average frequency by the 

capacitor frequency meter is determined by the t ime constant 

of the integrating circuit. To reduce the error of measuring 
low average frequencies, the t ime constant of the integrating 

circuit is increased to 10 sec by connecting an additional 
capacitor C i (EF-1300/300) with a capacitance of 1300 /zF. In 
this case, the root-mean-square error of measuring at a fre- 
quency of 10 cps does not exceed 6~ 

As a result of these modifications in the circuit of the 

frequency meter, the range of investigated frequencies was 

1-10,000 cps. The output of the frequency meter is connected 

to an MA recording potentiometer. The amplifying part of the 
circuit of the ICh-6 and ICh-7 frequency meters is not substan- 
t ial ly changed. To reduce distortion at tow frequencies, the 

capacitances of the blocMng capacitors (positions No. 1, 22, 31 

in the circuit of the ICh-6 instrument) was increased from 0.1 
to 1 /IF. The circuit of the rectifier was left unchanged. 

When measuring the average frequency of the EEG, it is quite important to select correctly the t ime constant 
of the integrating circuit (i.e.,  the t ime of averaging the readings). As an example,  we will give the results of 

measuring the average frequency of the EEG of a rabbit at two t ime constants. 

Figure 2a shows the graph of the average frequency of the EEG at a t ime constant of 10 sec, and Fig. 2b at a 

t ime constant of 0.5 sec. It is apparent from Fig. 2a that at a very small averaging t ime, the stability of the read- 
ings of the frequency meter drops and the dispersion of the experimental  data appreciably increases. The measure- 

ment error reaches 40% When the t ime constant of the integrating circuit  is increased to 10 sec, the readings 

become more stable and the measurement error drops to 10~ Thus, averaging of the readings over several seconds 

insures a sufficiently high accuracy of measuring the average frequency of the EEG. 

tn conclusion, we note that the analog frequency meters can be used no'~ only in experimental  but also in 

cl inical  electroeneephalography. In particular, the output voltage of the frequency meter, which is proportional to 
the value of the average frequency of the EEG, is conveniently used for automatic regulation of narcosis. The pro- 

posed method of ut i l izing the frequency meters permits using them for measuring the average frequency of eleetro- 

myograms, electrogastrograms, and certain other types of biopotentials. 
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Fig. 2. Portion of the EEG of a rabbit and graphs of the average fre- 

quency measured at a t ime constant of 10 see (a) and 0.5 sec (b). 

T ime is plotted on the axis of the abscissa and the average frequency 

(in cps) on the axis of the ordinate. 
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