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Electrical stimulation of a nerve evokes a potential composed of the action currents of all fibers, If ortho-
dromic receptor impulses move along afferent fibers counter to the evoked potential, hereafter called antidromic
potential, they can "collide" with the antidromic impulses with a certain probability. As a consequence of this the
amplitude of the antidromic potential decreases as it moves toward the receptor field, This phenomenon permits
evaluating the total activity of the receptors of a given field [3, 4]. The results of experiments with stimnulation of
a nerve by repeated impulses of a different frequency enable determination of the relative number of receptors
generating impulses of a different repetition rate [1, 2].

It is shown in this work that this problem is solved by analyzing the results of experiments with stimulation of
the nerve by single impulses,and a method of calculation is proposed.

Douglas and Ritchie [3] found that the value of the antidromic potential decreases with an increase of the in-
terelecirode distance between the stimulating and recording elecirodes. As was shown earlier [2], for a nerve trunk
model consisting of afferent fibers conducting orthodromic impulses with the same frequency f and an equal conduc-
tion velocity v, the following dependence holds true:

f= 54° (1)

where d is the length of the interelectrode distance, r = (Ap 34~ A)/ A, where A is the arithmetic mean (from a

number of repeated samples) of the values of the antidromic potential for a certain d, Amax is the arithmetic mean
of the maximal values of the antidromic potential,

Formula (1) is derived on the basis of calculating the probability P of the encounter of impulses in the inter-
electrode space in a single fiber:

(2)

24
Zd <1
1! : (3)

P =
1 (24> 1y,
where [ is the distance between two adjacent impulses (excited sections of the nerve).

For a real nerve formula 1 can be used only when determining the lower boundary of the frequency spectrum,
fmin [2]. In this case:
d= lmax yhere Lmax = 2 @
2 fmin
In formula 4 vy, is the conduction velocity corresponding to the maximal point of the antidromic potential (mode
of the velocity distribution V in the nerve).
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Envelope of the peaks of the From the results of the experiments with stimulation of a nerve by
antidromic potential . ; - : _ .
W\ single impulses [4] we can determine the function r = {d). It is shown
‘ below that from the curve r = {d) (Fig. 1) we can ako derive the value
of the maximal frequency fp . Let us assume that impulses of a certain
repetition rate (different in different fibers) pass in each of the n fibers
of the nerve model and the conduction velocity vm = const. Let us ex-
amine the region of change d from 0 to I min/2. In this section an ob-
ligatory encounter of impulses in the interelecirode space does not occur
in a single one of the fibers, the probability of encounters in the fibers is
found from formula 2 and depends on the frequency in each of the fibers
(i.e., on 1). The increase of the function r{d) with an increase of d (see
Fig. 1) is obviously determined by the fact that in each fiber the prob-
- ability of an encounter increases with an increase of d. Let us divide
g [—”gﬂ the range of the change in the quantity 1/2 into k discharge intervais and
examine the ratio{n; /i =1, 2..., k), where n; is the number of fibers

Fig. 1. Curve of the dependencer=x(d).  .ongucting impulses with a frequency corresponding to the value 1/2
On the x-axis is plotied d (length of the g0 the j-th discharge interval, ‘

interelectrode distance); on the y-axis
is 1 (the value of the relative drop of We determined above the quantity:

the antidromic potential).
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, where B= A —A, (5)
Amax Amax max

Let us designate in terms of a the value of the component of the antidromic potential in one fiber. Then:

a=

, Amax (6)
n

The drop in the value of the antidromic potential in the j-th group of fibers corresponding to the j-th discharge
interval is equal 10:

nj
By =a 3 pi (=1.2..x) (7

i=1
where k is the number of discharge intervals, p; is a discrete random quantity having the following distribution law:

. ! 0 ©
i 9 » 8
Pi:%ﬂ 1—Pj:1—1jd

where in the upper line are the possible values of the random variable and in the lower line the probabilities with
which p; will take these values.

Let 1j/2 be a certain average value of {/2 corresponding to the j~th discharge interval. Then i; and P, are
equal to const.for a fiber of the j-th interval.

The mathematical expectation (mean value) of the quantity B; is equal to:
Bj=a-nj[1.P +0-(1— P))] =a-nj-Pj, (j=12,..,k). (9)

Since the section of change from 0 to zmm/‘z is being examined, then by substituting the value of P; (8) into
formula 9, we obtain

Bj=a-n (G=12,...,k). (10)

Ul
k
Since B= E B;j then, considering B; to be independent random variables, we can find the average value

=1

of the quantity B:
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i S‘ 24 S‘ﬂs‘ 2d (11)
BJ = a'n] —l:- = Amax »l;L—- lj .

Consequently, B o4 (12)

S
g
»
l
I Ss
RN
=

By virtue of the law of large numbers we can assume for a sufficiently large n that

B = B. (13)

Therefore, from formulas 12, 13, and 5 we obtain:

() — $mL (14)

nj/n was the mean distribution density for (A7); =A7=1(j =1, 2,..., k) where (Az)j is the length of the j-th dis~
charge interval of the change 1/2.

Let us go over to the true distribution density. For this purpose we must mrn to Al ~»0, Then we can find the
equation to determine the distribution density which we will designate by P(z), where z = 1/2. Upon passing to the
limit in the right-hand side of (14) we obtain:

k ke Zmax (
. ;o o 1
r(d) = lim g 12 (_”L.L . p(z)ﬂdz, 5)
A0 n o al Az n oz oz J z
i=1 j==1 Zmin
where lmin lma‘<
Zmin = "5 > Zmax = Tg -

In formula (15) the unknown distribution density P(z) = lim G

1 .
PRy PR and in the same formula we can take
Az~0 %

d out of the integral side:

Zmax
r(d)=d 5 P(z)- -L»dz . (16)
Zmin
Since the integral in the right part of (16) gives a certain constant number:

Zmax
r(d ?
~E(—) = j P(2) - —idz = const .

Zmin

amn

then it is clear that in the section 0 = d =< zmpipy = lmin/2 the curve of the function r = r{d) should represent a straight
line passing through the origin of the coordinates (in the plane zor),

For the simplest case, P(z) = const, we can find in the following manner the approximate value of the upper
limit of the frequency spectrum:

P(z) SN S {18)

Zmax — Zmin

Here and henceforth we will consider that the condition of normalization is fulfilled for P{z):

[Pyde=1. (19)
Then we obtain:
Zmax
nd) _ 5 L Jdz _ Inzmax — lnzgiy (20)
d Zmax — Zmin F4 Zmax — Zmin
Zmin
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We know that zmax is determined from the curve r=r(d)
as the abscissa of the point of transition of the curve r{(d) into
a plateau, where {d) = 1. From Eq. 20 we can obtain the value
of zmin. Actually, according to Eq. 17, the curve of the func-
tion r = {d) in the section 0 < d= zpjp is a straight line. Us-
ing, for example, the method of least squares, we can find the
regression line for the experimental points r{(d) close to the
origin of the coordinates and the angular coefficient of the re~
gression line K.

K>1

K<{

Let us set up the curve of the function:

g Zm/n Zlmzz=
Fig. 2. Method of the graphic solution of equation
20. On the x-axis are the values the independent
variable x; on the y-axis are the values of the
function ¢(x) = Inx/(x-1).

1 A (P(x): In x (21)

where x = zmin; we will consider that the scale along the x-
axis is selected to that zp,y = 1 (Fig. 2). The unknown value
of Zmip is defined as the abscissa of the point of intersection
of the curve of the function (21) with the straight line y = k.
In order to understand how the points zmip and zmax are mutually arranged we must find the value of ¢(x) at the
point zmax = 1

1/x

Inx o Ux_

lim @(x) = lim
x_”cp() x>1x--1 x->11

(the L'Hospital rule was used to determine the limit).

Hence it follows that the angular coefficient of the regression line for the empirical dependence 1 = 1{d) should
be greater than one. When K =1 we obtain a straight line connecting the origin of the coordinates (0, 0) with the
point (1, 1) of the plane zor, where zmax = 1, r = 1 corresponds to this point (1, 1) in a certain scale along the zand
r axes. Consequently, the frequency spectrum degenerates into one point: fmin = fmax.

When K < 1 Zmin > Zmayx, which is impossible. Thus, it is established that K » 1 and the value of the angle
o =arctanK—m /4 determines the width of the frequency spectrum.

Let us pass on to an examination of the second section of the change d: zmip = d= zmax on the nerve model,
At any point of this section the probability of the encounter of impulses in the interelectrode space in some fibers is
1, and in the remaining portion of the fibers this probability is equal to 2d/1. Consequently, we can determine the
value 1(d) by dividing the set of n fibers into two groups: a group of fibers with an impulse frequency f correspond~
ing to the probability of encounter P; = 1, and a group of fibers with an impulse frequency corresponding to Py =2d/1.
In the same manner that we obtained Eq. 15, we can find the equation for determining the unknown distribution
density in the second section of change d:

zmax

r) = | P@Pyd 2)dz, zmin < d < 2max» (22)
Zmin
where
r 2
Pyd, 2 :{d/z d<z :2f) . (23)
1 (d> 2. (24)

We obtained above formula 9 which holds true both for the first and for the second section of the change of d.
Analogous to the conversion from formula 9 to formula 15 for the first section, we can easily change from Eq. 9 to
Eq. 22 for the second section.

Substituting P, from 23 and 24 into Eq. 22 and dividing the integral in the right side of (22) into two integrals,
we obtain:

g Zmax
rd) = j P@)-1-dz + j P(z)- ngz. (25)
Zmin a

726



Integral Eq. 25 determines the dependence of the unknown distribution density Xz} on the empirical function

r = 1{d).

This equation is easily solved if at first we determine the boundaries of the spectrum as was indicated above.
An analytical solution of Eq. 25 is possible if we assume that by means of regression analysis the experimental values
of r for various values of d in the second section of the change of d are smoothed out and the smoothed curve is ap-
proximated by some analytical function.

Assuming the possibility of representing the regression line for the empirical points r in the second section of
the change of d in the form of a polynomial of the n-th power, we can obtain the distribution density Xz), having
solved integral Eq. 25 in the form of a polynomial of degree n~1.

In the case of representing r(d) in the form of a polynomial of the second degree we can easily obtain the for-
mula for the value of the upper limit of the frequency spectrum and thus eliminate the need to solve the equation
forz_in (20). Inthis case we obtain the following formula for determining z

min’
Zmin = 2 I (26)
K
Differentiating Eq. 25, we obtain:
Zmax
r'(d) = P(d) P(d)-g+ U peo)- ?;, (27)

This integral equation does not contain zpp;p. It follows from Eq. 27 that r{d) should not be represented by
means of a linear approximation in the second section of the change of d, otherwise we would obtain from Eq. 27:

2'n:ax
- P(z) - %-:c . const. (28)

x

a
Differentiating Eq. 28, we obiain P(d)/d = 0, i.e., P(d) = 0, which is impossible,

For practical application it is convenient to solve Eq. 25 without an analytical representation of the regression
line r = 1{d). As the result of $ experiments let points Iy, Ipaa., I'm be obtained, where each r; is the arithmetic
mean from S values at a given d;. Then to solve Eq. 25 we substitute the value of the pairs (dj, ry) into it:

di Zmax

s Ky R {c
j P(z)dz + P(z)- %’ dz = ri,(i = 1,2,...,m). (@9

Zmin i
To solve system 29 we can use one of the numerical quadrature formulas, for example the formula of a
trapezium. Let us use this formula. For this purpose we need a change of the distance d in the experiments such
that the following relationships are fulfilled:
di=d;_;+ az, di=2min, dy =2zmaxy= Wi=12,..,m), (30)

where Az = const is the step of separating the interval (zy,;,, Zpay). Let us denote P; = P(d;). Using the formula of
a trapezium, we obtain:

4
f P(z)dz — az(g—l Py -t %—")xf:z.u,m), (1)
4

dm

r d; P; ) P[+l _ P .,

:) P(Z)—Z‘ a’vz = c.\Z(é—EE—t —‘?—;11“ e m/’di, (i =1,..,m— 1) (32)

{
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Therefore, system 29 by means of Eq. 31 and 32 can be represented in the form:

p P, Pm
d, - Bl ST A - ) =
1,AZ(2d11 i ﬂ—---+2dm) i, }‘
P, Py P, P, P |
2 [ wd e =N d o p [ L RAL T

42(2+P_.- r2)+dk 12(2dk +dk+l ,---.2m)—fki (33)

|

|

)

\
Py |
. AZ(—21 -+ Pg + ... +’7m> = I

Thus, a system of m linear Eq. 33 relative to m unknown Py, ...Pq isobtained. By solving this system we find
m ordinates of the curve of the distribution density of the number of fibers (receptors) with respect to the quantity
z ='1/2 = v,/ 2f. It is easy to change from the density obtained to the unknown histogram of the distribution of the
number of receptors based on the repetition rate of the impulses.
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