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ABSTRACT

In this paper both transforms namely Laplace and Sumudu were applied to solve second order differential equations
and tried to show contribution of Laplace transform and Sumudu transform to solve ordinary linear differential
equations of second order with constant coefficients.
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1. INTRODUCTION

There are some mathematical tools like Fourier transform, Laplace transform, Sumudu transform, etc which are
convenient to solve ordinary and partial differential equations. Laplace transform is the integral transform which is
applicable in solving ordinary and partial differential equations [1]. This transform is also applicable in engineering
sciences [2]. There is one more integral transform namely Sumudu transform proposed by Gamage K.Watugala to
solve differential equations in 1993 [3]

Major derivations in Mathematical sciences are in the form of ordinary or partial differential equations which we can
solve by applying these integral transforms. Sumudu transforms are applicable in solve partial differential equations
[7]. In this paper we have applied both transforms Laplace and Sumudu for obtaining solution of ordinary linear
differential equations of second order with constant coefficients to demonstrate contribution of integral transforms in
differential equations.

2(A) SOME DEFINITIONS AND THEOREMS OF LAPLACE TRANSFORM DESCRIBED IN [2]
Definition 2.1: Laplace transform: The Laplace transform of f (t) is defined by L [f (t)] = F (p) :fowf(t)e‘?”dt

Theorem 2.1: Let F(t) and its derivatives F’(t), Ft),......., F™(t) be continuous functions for 0 and be of exponential
orders as t— oo and F"(t) is of class A then the Laplace transform of F'(t) exists when p>a and is given by
L {F"(©)} = P"L {F ()} -p"*F(0) —-pn-2-F*(0)... ... ... F"(0)

Some inverse Laplace transforms of standard functions which are discussed in [2]
If L {f ()} = F(s) then
@) Ll[?] =-tf ()
(b) L'l[ saz] =cosat
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2(B). SOME DEFINITIONS AND THEOREMS OF SUMUDU TRANSFORM WHICH ARE DESCRIBED IN
(31, [4]

gl .
Definition 2.2: Sumudu transform: Consider the set B = {F (g) such that 3N, t1 t2>0,f(g)| < Ne /ff, ifje (-1) X
[0, o0)} then over this set the Sumudu transform is defined by S[f(t)] = f eu f(t)dt

Theorem 2.2: Let f (t) be in B and let G,(u) denote the sumudu transform of the nth derivative '(t) of f(t) then for n>1

G(u) 1k
G ( ) - ;cl=(1) un—k

Some inverse Sumudu transforms of standard functions described in [5]
(d) S_l [ u? ] :tsin at

(14+a?u?)? 2a
-1 1 _
€) 7 [rmm] = cosat

3. MAIN PROBLEM THE OF PAPER
Consider the O.D.E Y”’(t) + n®y(t) = 2ncos(nt) with initial conditions y(0) = 2, y’(0) =0 (3.1)
First we will solve the above differential equation by Laplace transform method.

Applying Laplace transform to equation (3.1) we have
L{y" ()} + n®L{y(t)} = 2nL{cosnt}

By applying theorem (2.1) we have
SL{(D} -sy (0) -y’ (0) +n° L{y(0)} =2n| ]
{s? + n?}L{y(0)} L-2s =2n[ﬁ]

2s

Therefore L{y(t)} = o +52)2 oz (3.2)
Operating inverse Laplace transform to equation (3.2) we have
_ s [ s
y(© = 2017 [ 2
By applying formulae (a), (b), (c) we obtain
y(t) = tsinnt +2cosnt 3.3)

Now we will try to solve O.D.E (3.1) by applying sumudu transform Operating sumudu transform to equation (3.1) we
have

S{y"(©)} +n? S{y(t)} = 2nS{cosnt}

By applying theorem (2.2) we obtain
G-y _y'©® (0) +12G (U) =

u2

1+nzu2

By applying initial conditions we have
G(u) -2 2 -
u?2 G (U) 1+n2u2

Therefore we have
14+n2u? _ 2n 2
G (U)[ u? ] - 14+n2u? qu

2
G (u) = 2n — :

2
(14n2u2)2 14n2u2

(3.4)

Applying inverse sumudu transform to equation (3.4) and applying formulae (d), (e) we obtain
y(t) =tsinnt + 2cosnt
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4. Example: solve y’’ (t) +9y (t) =6 cos 3¢,y (0) = 2.y’ (0) =0 4.2)
Applying Laplace transform to equation (4.1) we have
SLY(O} -5y (0) -y (0) +9 L{y()} = 6| ]

s
s2+32

By applying initial conditions we obtain
{s? + 9ML{y(0)} L-2s =2n[]

65 2s
Therefore L{y(t)} = Gris2)? +m (4.2)
Operating inverse Laplace transform to equation (4.2) & applying formulae (a), (b), (c) we get
y(t) = tsin 3t +2cos 3t
Now applying sumudu transform to equation (4.1) we have
S{y"(t)} +9 S{y(t)} = 6S{cos3t}
By applying theorem (2.2) & applying initial conditions we have
G(u)-2 6
FD 496 (U) = o
Therefore we have
1+9u? 2 2
G (U)[ -:,_z ] = 1+nzuz+u2
6u’ 2
G(u)= (4.3)

(14n2u2)2  14n2y2

Applying inverse sumudu transform to equation (4.3) and applying formulae (d), (e) we obtain
y(t) =tsin3t +2cos 3t

5. CONCLUSIONS

In this paper we have applied Laplace transform & Sumudu transform to solve ordinary linear differential equation with
constant coefficients successfully After applying this we came to conclusion that these two transforms have a great
contribution in solving such differential equations which are useful to determine some derivations in mathematical
sciences.
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