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Abstract-Laplace Transform is powerful technique for
engineers and scientist. This paper will provide basic idea of
existence of Laplace transform. Reader will able to find
solution of ordinary differential equation, simultaneous
equation, integral equation using Laplace Transform .Also we
discuss method to find exponential matrix using Laplace
Transform .
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I. INTRODUCTION

Laplace Transform is powerful mathematical tool
that used to transform function of variables as x, y, t into
parameter(s) [1]. Ordinary Differential Equation are simplified
and converted into algebraic equations by use of Laplace
Transform [2]. It will convert a function in some domain into
a function in another domain without changing the value of
the function[3]. Topics covered include the existence of
Laplace transforms and inverse Laplace transforms together
with applications to ordinary and partial differential equations,
integral equations, difference equations.

1. EXISTENCE OF LAPLACE TRANSFORM

If function is piecewise continuous and of
exponential order then Laplace Transform of function exist.
Laplace Transform can only be used to transform variables
that cover a range from zero to oo.

i) Piecewise continuous

f(t) must be piecewise continuous which means that it
must be single valued but can have a finite number of finite
isolated discontinuities for t > 0.[4]

ii) Exponential order

A function f(t) is of exponential order if there
exist finite constant M and =« and T such that
|f(£) | = Me™" for t = T[4]. Some examples of functions of
exponential order
Fle) =%, fle) =208 + 3, flg) = 2° F(t) = '™ [7].Some
examples of functions not of exponential order
FO =3+, £ = o [2)

Page | 740

Definition of Laplace Transform

Laplace Transformof f(t) is written as I.{f{t:] } and denoted by
FEL(F®) =F(G) = [, e = f()dt.

Inverse Laplace Transform

We refer £t} as inverse Laplace transform of F(s) and write
itas ft) = L=Y(F(s).

Laplace Transform is used to find solution of different type of
Equations. We discuss here some solutions obtained by using
Laplace Transform.

Solution of Linear Differential Equation with constant
coefficient using Laplace Transform

Consider the Equation

2y +2fyDde=t,y0 =0 ()

Using Laplace Transform both side and Laplace of derivatives
and integration we get

2 1

[s¥(s) —y(0)] +3v¥(s) L ¥ (s) =52
Put {0} = 0 to get

_ 1
¥(s) = ele+ 00+ (2)
Using Partial fraction method , we have

1 1

2,2 L

¥(s) = PRLEPYF I @)

y(t}is obtained using Inverse Laplace Transform as
v =it e ot (4)

Solution of Simultaneous Differential Equation using
Laplace Transform

Consider the Equations

dx .

u'_r_+}{t:] =sint (5)
24 x(t) = cost ©6)
With the condition x(0) = 0 and y(0) = 2.

Apply Laplace Transform to equation (5) & using L.T of
derivatives (5) can be written as
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[s X(s) — x(0)] + ¥(s) = 211

sX(S) +¥ () = Y
Apply Laplace Transform to equation( 6) also using
L.T of derivatives (6) can be written as

[sv(s) —y(@]+x0) =

sT+1

V()] +X(s) =5 +2 @)
Multiply equation (7) by s

S2X(S) + s¥(s) = ©)

Solving equation (8) and equation (9) we have

1
-2 |

¥(5) == and V(5=

e 1 1

+
x(t)& y{t)is obtained using Inverse Laplace Transform as
x(t) = —2sinht, y(t) = sint + 2cosht (10)

Solution of Difference Equation using Laplace Transform

Consider the Equation,
yit) — 39t — 1) + 24t — 2) = 1with condition y(£) =
Qif t=0

On applying Laplace Transform we have,

Ly@) =3ty — 1)) + 200y - 20) = L1y (A1)

Now consider
Lyz-1)) = f e "y(t — 1)dt
i}

Substitute (# — 1) = u. dt = du we have

Ly( - 1)) = rg-s-:mn ¥ du

Liy(E-1)) =

asylw) =0if u<0

- [D "y ) du]

Lyt — 1)) =e—*¥(s) (12)

-= J‘ Dlg ~yluldu + J:ﬂ ~ylu) d“]

L{)-"it - lj} =¢
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Similarly we compute

Lyt —2)) = e = ¥(s) (13)

Using values of equation (12) &(13) in (11) we get
1

V) = e (14)

MO H et (19

V() =S[E7e™ 2] - 255 e™  (16)
Taking inverse transform we have

y(t) =282 — 1] -3

Where [£] is greatest integer less than or equal to t.

To find Exponential {e#®jof matrix A using Laplace
Transform

If A= [ 11 3[,]] , Applying the property
L{eft) = i in  matrix  senseL(e*) = E[—:l or
L(e*t) = {sI Ay~ can be rewritten as
(e} = L=H{(sl - A)™Y) (17)
Determinant of [sI — Alwill be given by
sl —Al=s*-4s43 (18)
- _[=-3 1
Adjoint of [sI— A] = [ 0 s— 1] (19)
5—3 -1
[sl— 4]t = [s:—;su g:;ﬁH] (20)
52 —43+3

Consider

L'l[ =2 ]= L'l[ 2 _lj = e {cos ht —sin ht) (21)

5248 +1 (5—1)2—
L‘l[gz_':m] =1 1[.3_ = _J = & (sin ht) (22)
Lt L,::H] =Lt L:__ ::J = e* (cos ht + sinht) (23)

Using equation (17) & (21),(22),(23) we obtain

(e*} =L ((sI - 4)™ %)
(i) = gt (cos ht — sinht) —ef (sin ht)
B 0 e’ (cos ht + sinht)

Solution of Integral equation of convolution type using
Laplace Transform

Consider the equation
w() =t +2 [} cos(t — ) y(u)du (24)

yig) =t + [y(t) = cost]

Applying Laplace Transform
241 ]

¥is) = LF 5- 132 (25)
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Applying Inverse Laplace Transform we get v (t]
v =t 4242 - 1) (26)

111. CONCLUSION

Laplace Transform method provides easy mode for
solution of many problems in various fields in Engineering
and sciences. Topics covered includes method to find solution
of Linear Differential Equation with constant coefficient,
Simultaneous  Differential Equation, Difference Equation,
Integral equation of convolution type. In this addresses issues
like exponential of matrix are discussed which is rarely
considered. Further we can extend the text to find solution of
partial differential equation using Laplace Transform. We
summarized and conclude that Laplace Transform is a
powerful tool in Mathematics.
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