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l. INTRODUCTION :

S.S Khakale and D.P Patil are gotten
from the old-style Laplace indispensable. In light
of the numerical effortlessness of the Soham and
its principal properties.

Soham transform is introduced by S.S.
Khakale and D.P. Patil to facilitate the process of
solving ordinary and partial differential equations
in the time domain. Regularly, Fourier ,
Elzaki,Aboodh, Kamal, Mohand transforms are
the convenient mathematical tools for solving
differential equations, Also Soham transform and
some of its fundamental properties are used to
solve differential equations.

Many researchers has developed lot of
integral transforms like
Aboodh[7],Sumudu[2].Author ~ [5]  compared
Laplace, Sumudu and Mahagoub transform in
2018. D.P. Patil [5] compared Laplace, Sumudu,
Aboodh and Elazaki and Mahagoub transform in
2018. Further D.P. Patil used Aboodh and

problems of system of ordinary differential
equation. He [ 8] apply sawi transform in Bessels
function Sawi transform is applied for wave
equation [9], [10] and error function for
evaluating improper integrals.

A new transform called the Soham
transformdefined for function of exponential
order we consider functions in the set B defined

by:
B = {f(): IM, ky,k, > 0.f(t)| < Me,ift €
(—1) x {0,0)} (1)

For a given function in the set B, the constant M
must be finite number, ,k;,k, may be finite or
infinite.

Soham transform denoted by the operator S(.)
defined by the integral equations

S[fO] =P =

%fow f(t)e v“tdt, a is non zero real numbers t >

0, ks £v<ky(2)

The variable v in this transform is used to factor
the variable t in the argument of the function f
this transform has deeper connection with
Aboodh, Sumudu, and the new integral
Transform. The purpose of this study is to show
the applicability of this interesting new transform
and its efficiency in solving the linear differential
equations.

< k, This integral transform is called "Aboodh Transform"

Mahagoub transform in boundary value
Notes:
(1) If a = 1then equation(2) becomes:
1 o0
S[ED] = P(v) = ;f f(De~"tdt t>0, k, <v
0
(2) If a = —1then equation(2) becomes:

S[f(©)] =P) = %fwf(t)e_%tdt t>0, k; <v
0

< k; This integral transform is called "Sumudu Transform"
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3) If a = —2then equation(2) becomes:

S[f(v] = Pl(V) =

%fow f(thev2'dt t >0, k; <v < k, This integral transform is called "The new integral Transform"
Obtain in 2013.

1. Inverse Soham Transform:

Inverse Soham transform is denoted as follows:

Inverse Soham transform of f(t) is P(v) then inverse Soham transform is defined as
STHPMW] = f(t)

2. SOHAM TRANSFORM OF THE ELEMENTARY FUNCTIONS:

For any function f(t), we assume that the integral equation (2) exist. The Sufficient Conditions for the
existence of Soham transform are that f(t) fort > 0 be piecewise continuous and of exponential order,
Otherwise Soham transform may or may not exist.

In this section we find Soham transform of simple functions.

(i) Let f(t)=1, then, By using definition we get,
S =PW) == [ Letdt== [ edt=t[-—e"]p=—t" t20
[1] = (V)—;() -€ —;06 —;[_V_ae ]O_V‘“l =Y,
(ii) Let f(t)=tthen,
(i) S[t]=P(v) =1 [ te ™ tdt
Integrating by parts, we get S[t] = ‘,Zoc;ﬂ
In the general case if n = 0,1,2,3, ... ... ... ..... is integer number, then,
f(n+1)
SI) = — et
; at] — L (® at —votqy _ _ L —at] _ 1 (® —at —vtgy _ _ L
(iv) S[e ]—Vfo ete dt_v(v“—a) and S[e™2] —Vfo e e dt_v(v“+a)
This result will be useful, to find Soham transform of:
. _ a _ v*
S[sinat] = T S[cosat] = T
. . av _ v¥
S[sinhat] = R S[coshat] = (—VZa—aZ)

Linearity Property of Soham Transform:
Theorem2.1: If f(t)and f,(t) be two functions of t and ¢; and c, be any two constants then S{c; f; (t) +

f2()} = aS{fiO)} + . S{f2(D)}.

Proof:
Letf; (t)and f,(t) be two functions of t and ¢; and ¢, be any two constants. We have by using definition of
Soham transform,

1 r” «
Stafi@+ @ =3 [ e afi© + of@O
0
1 _. 1™ _ .

=;_’; e’ tC1f1(t)+;f0 e " ey fp(t)]dt

1(* _. 3
201;L e tf1(t)+02;j;) e "t fH(D)]dt

=1 S{fi(O} + c:8{f2 (1)}

The proof is complete

Theorem2.2:
Let P(v) Soham transform of [S[f(t)] = P(v)] then:

() SIF (®] =v*P@) == £(0)
(i) SIF" (O] = v**P(v) — v* 1 £(0) == £(0)
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(i) S[f" ()] = v"* P(v) — %Z’,’é;(} pa(=1-k) £k ()
Proof:
By using definition of soham transform, we get,

SIF O == J) f (e dt,

Integration by parts gives,

00

’ 1 a © a
SIF @©)1 = ;{[e-v Foly - [ e ff(t)dt}

_1 0 0 a Oo—v“t d
—;{[ —fO]+v foe f@® t}
— 1 0 al OO—v“’t d
——;f()+v ;fe f(®)dt

0
1
= v P(v) = —f(0)
Therefore
, 1
SlF O] = v*P(w) ——f(0)
Let g(t) = f'(t), then
. ) 1,
Slg O =v*{$SlfF OB - f (0
We find that by using (i), we get,

" 1,
SIF ()] = v P(v) = v*L£(0) = - (0)

(0 Can be Proof by Mathematical induction then
n—-1
1
SIFM (O] = v P() == ) v 1b fk(0)
k=0

3. Application Of Soham Transform Ofordinary Differential Equations

As stated in the introduction of this paper, the Soham transform can be used as an effective tool.
For analyzing the basic characteristics of a linear system governed by the differential equation in response
to initial data. The following examples illustrate the use of the Soham transform in solving certain initial
value problems described by ordinary differential equations.
Case-I: Linear differential equation of first order general form initial value problem:

& tpx=£(0), t>0 ®)
With the initial condition
x(0) =a (4)

Where p and a are constants and f(t)is an external input function so that its Soham transform exists.
We Apply Soham transform to differential Equation (3), we obtain,

d
s (5)+ @0 = s

s (Z—f) +pS(x) = S(F(L)

1
v*P(v) — ;x(O) +pP(w) = f(v)

(v + )P~ x(0) = )
Using initial condition of above Equation, we get,
fw) + a% vf(v) +a
v* +p =v(v"‘+p)
We apply inverse Soham transform of above equation leads to the solution.

Case-1l The Second order linear ordinary differential equation of initial value problem having the general
form:

P(v) =
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d%y dy _
m-i.-_Zz_JE+q.y.—f(x), x>0 (5
The initial conditions are

y(0) =a, y'(0) = b(6)
Where p, q, a and b are constants.We apply Soham transforms to differential equation (5), and we obtain,

d? d
s (d—xf) + 205 () +a5() = S(F ()

(2P @) ~ v 1y0) ~ =y’ ©0)) + 2p (v P(W) ~ () + 4P ) = f)
After Simplification, we get,
F@) +3y' 0 + (v +2p3) y(0)

(v?® + 2pv® + q)
F) y'(0) (ve +2p3) y(0)
(W2® +2pv* +q) v +2pv® +q) (V2 + 2pv® +q)
The use the initial condition of Equation (6) leads to the solution for P(v) as

F) b (v"‘_1 + ZpE) a

W2 +2pv* +q) vV + 2pv® + q) * (V2@ + 2pv* +q)
We apply the inverse Soham transform of above equation gives the solution.

P(v)

P(v) =

P(v) =

Example 3.1:

Consider the first order differential equation
d

—+y=0, y(0) =1 (7)

We apply the Soham transform to both sides of this equation and using the differential property of Soham
transform, Equation (7) can be written as:

1
v*P(v) — ;y(O) +Pw)=0
Using initial condition of above equation, we get,

1
w*+1DPW) =—-

v
P(v) =———
) v(v® +1)
Now applying inverse Soham transform of this equation gives the solution:
y(x)=e™
Example 3.2:
Solve the differential equation
242y =1, y(0) =1 (8)

Applying Soham transform to both sides of above equation (8) and using the differential property of Soham
transform, Equation (8) can be written as:

veP(v) —2y(0) + 2P(v) = —

pla+l
1 1
w* +2)P(v) = el T ;)’(0)
Using initial conditions and P(v) is Soham transform, we get
1
P(v) =

+
v2atl(pe 4+ 2) " v(v* 4 2)
P(v) 1 1 + 5 1 11

V)= 4v(w* +2) 4vntl
The inverse Soham transform of this equation gives the solution:

2Ly Soae ]
YWX) =X ye 4

Example 3.3:
Let us consider the second-order differential equation
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y' +y=0, () =y'©0)=1 (9
Applying Soham transform to both sides of equation(9) and using the differential property of Soham
transform, Equation(9) can be written as:

1,
vHP() = v 1y(0) = -y'(0) + P(¥) = 0

1,
W** + DP(v) = v y(0) + A C)
Using initial condition of equation, we get,
1
@?** + )P(v) = v* 1 +
P(v) = v +1 _ v* 4 1
V)= v(v2 +1) v +1) v +1)
The inverse Soham transform of this equation gives the solution:
y(x) = cos(x) + sin(x)

Therefore
y(x) = sin(x) + cos(x)
Example 3.4:
Consider the following equation
y =3y +2y=0, y(0) =1, y (0) = 4(10)

Applying Soham transform of Equation (10) and using the differential property of Soham transform,
Equation (10) we find that:

v2¢P(v) — v*1y(0) — %y'(O) -3 |v*P(v) — %y(O) +2P(v) =0

1, 1
(v** = 3v° +2)P(v) = v*'y(0) +—y'(0) — 3-y(0)

Using initial condition of above equation, we get,
v*+4-3 vi+1

P(v) = =
) v(w?® —3v* +2) (w*—=2)(v*—-1)

_ 3 2

Tv@we —=2) v -—1)
Then the solution is

y(x) = 3e?* — 2¢e”*

Example 3.5:
Let the Second order differential equation:
Y +9y=cos2t,  y0)=1, y(3)=-1 (11)

Since y'(0) is not known, let y'(0) = c.
Applying Soham transform of this equation (11) and using the differential property of Soham transform,
Equation (11) we find that:
1,
v2¢P(w) — v 1y (0) - Sy (0)+9P() =

a

a
v(v2% + 4)

(v + 9P() = +5y(0) + 2y (0)

v(v?® + 4)

Using initial condition of above equation, we get,
a

c
2a a—1
9P() =— -
(w** +9)P(v) 17(1720[_|_4)+v +v
v® c p*1
P(v) = + +
W) = o s e +9) T v +9) T @2 +9)
4p° cv’ v®
P(v)

T Su £ 9) | (029 +9) | Su(va 1 4

The inverse Soham transform of this equation gives the solution:
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(®) * 3t+c '3t+1 2t
y = 5 cos 123 sin 5 cos
To determine c note that y G) = —1then we find c=— then,

(t)—4 3t+4'3t+1 2t
y —SCOS 3Sl?’l 5COS

Example 3.6:
Solve the differential equation:
y' =3y + 2y = 4e3, y(0)=-3, y'(0)=5 (12)

Applying Soham transform of this equation (12) and using the differential property of Socham transform,
Equation (12) we find that:

— 1 ! 1 1
v2P(v) — v*1y(0) — Sy (@-=3 [v“P(v) - ;y(O)] +2P(v) = 4 (m)

1 1
2a¢ __ a 2)P — 4_( ) a—1 P — 22—
W = 30" +2)P() = 4 (g5 ) + v V(0 + 7y (0) = 37y(0)
Using initial condition of above equation, we get,

2 _ — 1 _ a-1 l l
(v 3v+2)P(v) =4 3v +5v+9v

v(v* —3)
Pv) = 4 3ve! 5 9
W) = viv® = 3)(v* = 2)(v* — 1) B (ve=2)(v* —=1) + v(ive = 2)(v* = 1) + vive = 2)(v* - 1)
2 9

PV = v(v® —2) * v(v® — 3) B v(v® —1)

The inverse Soham transform of this equation gives the solution:
y(t) = 4.e%" + 23 — 9et

Example 3.7:
Find the solution of the following initial value problem:
y' +4y=12t, y(@ =0, y(0)=7 (13)

Applying Soham transform of this equation (13) and using the differential property of Soham transform,
Equation (13) we find that:

1, 1
VzaP(V) - ;y (0) + 4P(V) = 12VZa—+1

1 1,
(Vza + 4)p(V) =12 W + ;y (O)
Using initial condition of above equation, we get,
12v + 7v2etl

1
P(v) = 3V20(+1 + V(2 + 4)

The inverse Soham transform of this equation gives the solution:
y(t) = 3t + 2sin2t

P(v) =
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