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Abstract: In this article, the author has defined a new method*“Yashu method” to get an approximate value of a variable by
converting the differential equation first in second kind of volterra integral equation or second kind of Fredholem integral
equation, after that by solving the above equation we can find approximate value. The author also compared the result by other
known results e.g. Laplace transforms method, Picard’s method, Euler’s method and Runge-Kutte method and checked all the
result with the exact value.

Keywords: Yashu method, Integral Equation, Second kind Volterra integral equation, Laplace transforms, Euler method,
Picard method, Runge-Kutte method.

2010 mathematical subject classification: 35F55, 44A35, 47E05, 65L05, 45L05

1. Introduction

(i) Laplace Transform

The Laplace transform with a complex valued and real valued function f(w) for w> 0 is denoted by
L{ f(w); r} or F(r) orE(r) is defined as

L{f(w);r}=F(r)= Te*””f(w)dw (1.1)

Here the limit finite and exists.
(ii) Volterra Integral Equation

An integral equation with upper variable limit of integration e.g.
X

at)z(t) = g(t)+A[K(t,5)z(s)ds (12)
a

Here @ is a constant, g(t),(t) and K(t,s)are knowing functions where A(S) is not known function, ¥ is
a non-zero complex or real parameter. Equation (1.2) is a volterra integral equation of third kind.

When o =1, the equation (1.2) is reduces to the volterra second kind integral equation.
(iii) Fredholm Integral Equation

An integral equation with upper fixed limit of integration e.g.

a(r)h(r)=f(r)+ /1? K(r,s)h(s)ds (1.3)

Here @ is a constant, «(t), f (t) and K(r,s) are knowing functions where h(r) is not known function, A4
is a non-zero complex or real parameter. Equation (1.3) isa Fredholmthird kind integral equation.

When o =1, the equation (1.3) is reduces to the Fredholm second kind integral equation.
(iv)Laplace Transform of Derivatives

Let f(X) isa continuous and a function with exponential order then

L{'(x);k} =KL{F (03— F(0) (1.4)

(v)Inverse Laplace transform of certain elementary functions
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| n
() L{x"; p}= rl;l = {—%ﬂ ;x} = X—(1.5)
p p n!

(b) L{e™;t}= L = {i : x} =e¥(1.6)
t—a t—a
2. Main Result

Here, we will use Yashu’s method to solve the following differential equation.

ds
Ex.: Find an approximate value of S, when t = 0.1, where $(0) =1and Py =t+s

Sol.: Let

ds

—=0(1) (21
ot g(t) 21

Integrate (2.1) w.r.t.t from O to t after that by applying the beginning condition S(0) =1, we have

t
s(t)-(0) = [ g(u)du
0
t
s(t) =1+ [ g(u)du (22)
0
- ds . _ _ _ _ .
Now substituting the values of S and a in the given differential equation, we find

t
g(t) =t+1+[g(u)du 23)
0

Which is a Volterra second kind integral equation?

Now g(t)=t+1+cC where

t t 2
c:.([g(u)du =_£(u +1+c)du :%+t+ct

2 2
c= vt = g(t)=t+1+ Ut (2.4)
2(1-t) 2(1-1)
Now substituting (2.4) in (2.1), we get the required solution
2 2
s(t):t—+t+ vt
2 2(1-1t)

Now, putt =0.1in (2.5), we get g(t) =1.2166.
3. Solution of the above differential equation by other known methods

In the present portion, the author will obtain the result of the same differential equation X =0.1by other
methods.

(i) Laplace Transform method
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We apply first, the Laplace transforms of the above given differential equation after that we will use (1.4), we
get

L{y'(x)} = xL{ZH+ L{y(x)}

rE(r)-y(0) = §+ F(r) = F(r) :ri_l_F r(rx_l)

Now by taking inverse Laplace transform of above equation and after using (1.5) and (1.6), we get
y(x) =1+ x)e* —x
Now, for x=0.1, we get y =1.121.

(ii)Picard’s Method
Let

d
d—zz f(s,p)=s+p;s,=0,p, =1

First approximate value is

S S 2
p® = py + [ (s, py)dx =1+ [ (s-+1)ds :1+s+%
0

So
Second approximation value is

s s 2 3
p® = p0+j f(s, p(l’)ds:1+js+(1+s+%)ds:1+s+sz+%
0

So

Third approximate value is
S S SS
p® =p, +j f (s, p®)ds =1+Is+[1+s+s2 +Ejds
S 0

3 S4
=14+S+8° +—+—

3 24
When s =0.1then p® =1.105; p*? =1.1106; p® =1.1103.

(iii) Euler’s Method
d
Here d—5= f(y,p)=y+p;y,=0,p =1

Taking h=0.1
p, = Py +hf (Y, Py) =1+0.1(0+1) =1.10
(iv) Runge-Kutta Method

ds
Let d_y: f(y,s)=y+s;y,=0,5,=1

Taking h=0.1
Here p, =hf(y,,s,)=0.1(0+1)=0.1
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p, = hf (yo +2,so +%) = (0.)[(0+0.05) +1+0.05)] =0.11

D, = p, = hf (yo +g,s0 +%j(o.1)[(0+ 0.05) + (1+0.055)] = 0.1105

p, = hf (Y, +h, 8, +k;) = (0.)[(0+0.1) + (1+0.1105)] = 0.12105

And p =%(p1 +2D,+2p,+ P,) = %[o.1+ 2(0.11) +2(0.1105) +0.12105] = 0.11034

Hence S, =S, + p=1+0.11034=1.11034

Exact value of the given differential equation

ds ds
— =X+S=>—-5=X
dx d

X

This is a linear differential equation and it’s LF.=e

Se

o =Ixe’xdx+d =(-x-1De*+d

s=—x—1+de"

WhenX=0,s=1=d =2.Hence s =—Xx—-1+2¢e*

WhenX =0.1=s=-0.1-1+2e" =1.11034.

The differences with exact value of the equation and all methods are as

Yashu’s method=0.1063, Picard’s method=0.0004, Euler’s method=0.01034,
Laplace method=0.0106, Runge-Kutta method=0.0001
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