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Although the concept of differential equations began to be taught in high school, but it is
clear that, this topic is difficult for many students, as in university too. It is known that it has their
difficulties to understand differential equations, to distinguish their types and to find solutions.
Moreover, integral equations are a completely new material for students. In this paper, we try to
connect these two equations.

Ordinary differential and integral equations are mathematical models for many applied
problems, in particular, in such areas as electrodynamics and elasticity theory.

Since some integral equations can be solved by reducing them to Cauchy problems for
ordinary differential equations.

Students can be shown that the Cauchy problem for the linear differential equations can be
solved by reducing to an equivalent integral equation. For example, the solution of the linear
differential equation
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dny dn—ly
P + al(x)m + -+ a,(x)y =F(x)

with continuous coefficients a;(x) (i = 1,2, ...,n) under the initial conditions
y(0) = ¢, v'(0) =cq, ..., y*1(0) = ¢,_4

can be reduced to the solution of the Volterra integral equation of the second kind.
Let 's show this by the example of a second-order differential equation

d? d
St + ey =Fk)

y(0) = ¢y, y'(0) = ¢4.
We assume that

L = o).

dx?

Hence, taking into account the initial conditions (2), we can consistently find

dx

At the same time , we used the formula

]x:dx ijdx jx:f(x)dx “(n —1 1)! J,:(x —2)" f(2)dz.

(n times)

Using (3) and (4), we write the differential equation (1) as follows:

X

o(x) + j a1 ()@(O)dt + Cray () +
0

+ fxaz () (x —t)e(x)dt + Cyxa,(x) + Cya,(x) = F(x),
0
or

X

o(0) + j [a,() + a2 () (x — D]g(D)dt =

0
= F(x) — Cra (x) — Cyxay(x) — Coay (),
and assuming
K, t) = —[a;(x) + ax(x)(x — 0)],
f(x) =F(x) = Cia;(x) — Cyxay(x) — Coaz(x)

We write (5) by the following form
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2= [Tp)dt + ¢y, y= [ (x = De@®dt + C;x + Cp.

1)
)

(3)

(4)

()



o(x) = f K(x, O)g©)dt + f (),
0

So, we lead Cauchy problem (1) - (2) to the Volterra integral equation of the second kind.

Let us show that the integral equation of Volterra can also be solved using the differential
equation when we use a resolvent. The solution of the equation by the resolvent is written as
follows

9(x) = f(x) + A [y R(x, t, Df (),

where

R(x,t,2) = Z K, 1 (x, 0)
v=0

is resolvent. If the kernel K (x, t)is a polynomial of the (n-1)" degree with respect to t, so that it can
be represented as

K(x,t) = ao(0) + @y (4. + 22D (x - )1,

moreover, the coefficients a; (x) are continuously in [0, a]. If we define the function g(x, t;A) as
the solution of the differential equation

n-1 n—2

dTl
g—x[o<x) I+ 1<x) I +a, 1(x)g]—0

dx™

Satisfying the conditions

=0

d d‘n—Z
o == , =4 =1 (6)
dxm 2 x=t dxn 1

Jiz=t = 3

Then the resolvent R (x, t; A) will be determined by the equality

1d"g(x,t; 1)

R(x, t;A) = X e

Similarly, in the case when

K, 6) = bo() + by (4. + 2228 (x — )",

Resolvent will be

1d™g(t,x;A)
datn

R(xt)\)——

where g(x,t; A) there is a solution to the equation

dng n-2
F-I_ A bo(t)

b (D[ = 0,

satisfying the conditions (6).
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