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Example 2. Find the inverse Laplace transform of the function 
1

s s5 3+
.

Sol.
1 1

1
1 1

1
1

5 3 3 2 3 2 3s s s s s s s+
=

+
=

+
F

HG
I

KJ
=

( )
 F(s), where F(s) = 

1
12s + .

L–1(F(s)) = L–1 
1

12s +
F

HG
I

KJ
 = sin t = f(t), say

∴ By the property of Laplace transform of integrals,

L–1 1
0 0 0s

s d d
t t t

F F T T T T = T( ) ( ) sin cosF
HG

I
KJ

= = −z z  = – cos t + cos 0 = 1 – cos t.

Again by using the same formula,

 L–1 
1 1

1
0 0s s

s d
t t

. ( ) ( cos ) ( sin )F T T T TF
HG

I
KJ

= − = −z  = t – sin t.

∴  L–1 
1
2s

sF( )F
HG

I
KJ

 = t – sin t.

Again by using the same formula,

 L–1 
1 1

2 22 0

2

0

2

s s
s d

tt
t

. ( ) ( sin ) cosF T T T =
T

TF
HG

I
KJ

= − +
F

HG
I

KJ
=z  + cos t – 1

∴  L–1 
1

23

2

s
s

t
F( )F

HG
I
KJ

=  + cos t – 1

or  L–1 
1

5 3s s+
F

HG
I

KJ
= t

2

2

 + cos t – 1.

Remark. The above problem can also be solved by the ‘‘method of partial fractions’’.

2.10. VALUE OF L–1 (F′′′′′(s)) IN TERMS OF L–1(F(s))

By the property of differentiation of Laplace transforms

if L(f(t)) = F(s), then L(t f(t)) = – F′(s).

∴ If L–1 (F(s)) = f(t), then F′(s) = L (– t f(t)).

∴ If L–1 (F(s)) = f(t), then L–1 (F′(s)) = – t f(t).

Example 3. Find the inverse Laplace transform of the function 
s

(s 4)2 2+
 .

Sol. z z+
=

+
s

s
ds

s

s
ds

( ) ( )2 2 2 24

1
2

2

4
 = 

1
2

4
1

1
2 4

2 1

2.
( )

( )
( ), .

s
s

s
+
−

= −
+

=
−

F say

∴ F′(s) = 
s

s( )2 24+

Also L (F L L– 1 – 1 – 1( ))
( )

s
s s

= −
+

F

HG
I

KJ
= −

+
F

HG
I

KJ
1

2 4
1
4

2
22 2 2  = − =1

4
2sin ( ), .t f t say
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∴ By the property of differentiation of Laplace transforms, we have
 L–1 (F′(s)) = – t f(t).

∴  L– 1 s
s

t t
( )

sin2 24
1
4

2
+

F

HG
I

KJ
= − −F

HG
I
KJ  = 

1
4

 t sin 2t

∴ L– 1 s
s( )2 24+
F

HG
I

KJ
= 1

4
t sin 2t.

Example 4. Find the inverse Laplace transform of the function 
2s 6

(s 6s 10)
.2 2

+
+ +

Sol. L L L− − − −+
+ +

L

N
M

O

Q
P = +

+ +
L

N
M

O

Q
P =

+
L

N
M

O

Q
P

1
2 2

1
2 2

3 1
2 2

2 6
6 10

2 3
3 1

2
1

s
s s

s
s

e
s

s
t

( )
( )

(( ) ) ( )
...(1)

Now, we require the value of L−

+

L

N
M
M

O

Q
P
P

1
2 2

2

1

s

s( )
.

z +
= +

−
= −

+
=

−2
1

1
1

1
12 2

2 1

2
s

s
ds

s
s

s
( )

( )
( ), .F say

∴     F′(s) = 
2

12 2
s

s( )+

Also  L F L say− −= −
+

F

HG
I

KJ
= − =1 1

2

1

1
( ( )) sin ( ), .s

s
t f t

∴ By the property of differentiation of Laplace transforms, we have
L–1 (F′(s)) = – t f(t).

⇒  L−

+
F

HG
I

KJ
= − −1

2 2
2

1
s

s
t t

( )
( sin ) ⇒ L−

+

F

HG
I

KJ
=1

2 2

2

1

s

s
t t

( )
sin .

∴ (1)  ⇒ L− −+
+ +

F

HG
I

KJ
=1

2 2
2 6
6 10
s

s s( )
e t sin t3t .

Example 5. Find the inverse Laplace transform of the function 
1

(s a )
.

2 2 2+

Sol. Let   F( )s
s a

=
+
1

2 2 .

∴ L F L L say− − −=
+

F

HG
I

KJ
=

+
F

HG
I

KJ
= =1 1

2 2
1

2 2
1 1 1

( ( )) sin ( ), .s
s a a

a
s a a

at f t

Using,  L F− ′ = −1 ( ) ( ),s t f tb g  we get

L−

+

F

HG
I

KJ

′F

H

G
G

I

K

J
J

= −1
2 2

1 1

s a
t

a
at. sin .
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⇒ L− −
+

F

HG
I

KJ
= −1

2 2 2

2 1s

s a a
t at

( )
sin

⇒ L say−

+

F

HG
I

KJ
= =1

2 2 2

1
2

s

s a a
t at g t

( )
sin ( ), .

Using formula for Laplace transform of integrals, we get

L T T−

+

F

HG
I

KJ
= z1

2 2 2 0

1
s

s

s a
g d

t
.
( )

( ) .

⇒ L T T T−

+
F

HG
I

KJ
= z1

2 2 2 0

1 1
2( )

sin
s a a

a d
t

 = − +L

NM
O

QP
1

2 0a
a

a
a

a

tT T T
2

cos sin

 = − +1

2 3a
at at at[ cos sin ]

∴ L
1

( )
1

2 2 2
−

+
F

HG
I

KJ
= −

s a
1

2a
[sin at at cos at] .3

2.11. VALUE OF L F s dS1

s

− ∞

z
F
HG

I
KJ

( )  IN TERMS OF L–1 (F(s))

By the property of integration of Laplace transforms

if L F then L S S( ( )) ( ) ,
( )

( )f t s
f t

t
F d

s
= F

HG
I
KJ

=
∞

z .

∴ If L (F(s)) f(t), then L F(S) dS
f(t)
t

.– 1 – 1

s
= F

HG
I
KJ

=
∞

z

Example 6. Find the inverse Laplace transform of the function log 1
a

s

2

2
+

F

HG
I

KJ
.

Sol. d
ds

a

s

d
ds

s a slog log ( ) log1 2
2

2
2 2+

F
HG

I
KJ

F
HG

I
KJ

= + −e j =
+

− =2 2
2 2

s

s a s
sF( ), say.

∴    F( ) logs ds
a
s

= +
F

HG
I

KJz 1
2

2

Also,  L (F( )) L− −=
+

−
F

HG
I

KJ
1 1

2 2
2 2

s
s

s a s
=

+

F

HG
I

KJ
− F

HG
I
KJ

− −2 2
11

2 2
1L L

s

s a s

= 2 cos at – 2(1) = 2 cos at – 2 = f(t), say.
∴ By the property of integration of Laplace transforms, we have

 L S S– 1

s
F d

f t
t

∞

z
F
HG

I
KJ

=( )
( )

.
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∴ L
S

– 1 log
cos

1
2 22

2+
F

HG
I

KJ

F

H
G
G

I

K
J
J

= −
∞

a at
t

s

∴ L– 1 0 1
2 22

2− +
F

HG
I

KJ
F

H
G

I

K
J = −

log
cosa

s
at
t

∴ L– 1 log 1
2

2+
F

HG
I

KJ
F

H
G

I

K
J = −a

s
2 2 cos at

t
.

Example 7. Find the inverse Laplace transform of the function log 
s 1

(s 1)
.

2

2

+
−

Sol.  d
ds

s
s

d
ds

s slog
( )

(log ( ) log ( ))
2

2
21

1
1 2 1

+
−

F

HG
I

KJ
= + − − =

+
−

−
=2

1

2
12

s

s s
sF( ) , say.

∴   F( ) log
( )

s ds
s
s

= +
−z

2

2
1

1

Also L F L− −=
+

−
−

F

HG
I

KJ
1 1

2
2

1
2

1
( ( ))s

s
s s

 =
+

F

HG
I

KJ
−

−
F
HG

I
KJ

− −2
1

2
1

1
1

2
1L L

s
s s

       = 2 cos t – 2et = f(t), say.

By the property of integration of Laplace transforms, we have

 L F S S− ∞

z
F
HG

I
KJ

=1

s
d

f t
t

( )
( )

.

∴  L
S

S
−

∞
+

−

F

HG
I

KJ

F

H
G
G

I

K
J
J

= −1
2

2

1

1

2 2
log

( )

cos

s

tt e
t

∴ L− − +
−

F

HG
I

KJ
= − −1

2

20
1

1
2 2

log
( )

coss
s

e t
t

t

∴ L− +
−

F

HG
I

KJ
= −1

2

2
1

1
log

( )
s
s

2e 2 cos t
t

.
t

Example 8. Find the inverse Laplace transform of the function cot–1 (s + 1).

Sol. 
d
ds

s
s s

s(cot ( ))
( )

.
( )

( ) , .− + = −
+ +

= −
+ +

=1
2 21
1

1 1
1

1
1 1

F say

∴   F( ) cot ( )s ds s= +−z 1 1
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Also, L F L L− − −= −
+ +

F

HG
I

KJ
= −

+ +
F

HG
I

KJ
1 1

2
1

2
1

1 1
1

1 1
( ( ))

( ) ( )
s

s s

= −
+

− −e
s

t L 1
2

1

1
 = – e–t sin t = f(t), say.

∴ By the property of integration of Laplace transforms, we have

L F S S− ∞

z
F
HG

I
KJ

=1

s
d

f t
t

( )
( )

.

∴ L S− − ∞ −
+F

HG
I
KJ

= −1 1 1cot ( )
sin

s

te t
t

⇒ L− −
−

− + = −1 10 1( cot ( ))
sin

s
e t

t

t

∴ L− −
−

+ =1 1 1(cot ( ))s
e sin t

t
.

t

WORKING RULES FOR SOLVING PROBLEMS

Rule I. If L F then L F T T− −= F
HG

I
KJ

= z1 1

0

1
( ( )) ( ) , ( ) ( ) .s f t

s
s f d

t

Rule II. If L F then L F− −= ′ = −1 1( ( )) ( ) , ( ( )) ( ).s f t s t f t

Rule III. If L F then L F S S− − ∞
= F

HG
I
KJ

=z1 1( ( )) ( ) , ( )
( )

.s f t d
f t
ts

TEST YOUR KNOWLEDGE

Find the inverse Laplace transform of the following functions :

1. (i) 
1

42s s+
(ii)

1

162s s( )+
2. (i) 

1
3s s−

(ii)
4

23 2s s−

3. (i) 
1

3s s a( )+
(ii)

1

2 22s s s( )+ +
4. (i) 

7
4 2s s−

(ii)
π

π

5

4 2 2s s( )+

5. (i) 
s

s a( )2 2 2+
(ii)

s

s( )2 29−
6. (i) 

s

s

2 2

2 2 2
−

+
π

π( )
(ii)

s

s s

+
+ +

1

2 22 2( )

7. (i) log
s a
s b

+
+

(ii) log
s
s

+
−

1
1

8. (i) log 1
2

2
−

F

H
G

I

K
J

a

s
(ii) log

1 + s
s

9. (i) 
1
2

2 2

2 2log
s b

s a

+
+

(ii) log
( )
s

s s

2 1
1

+
+

10. (i) log
( )

( )( )
s

s s
+

+ +
1

2 3

2
(ii) log

( )

s

s

2

2
1

1

+
−

11. (i) cot−1 s
π

(ii) tan .−1 2
s
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Answers

1. (i) 
1
4 4

4
−

−e t
(ii)

1
16

4
16

− cos t
2. (i) cosh t – 1 (ii) e2t – 2t – 1

3. (i) 
1

2
1

3 3

2
2

a

e

a

a
t at

at
− + +

F

H
G

I

K
J

−
(ii)

1
2

1 − + −(sin cos )t t e t

4. (i) 7(sinh t – t) (ii) sin π t + 
π π

3
3

6
t t−

5. (i) 
1
2a

t atsin (ii)
1
6

3t tsinh 6. (i) t tcos π (ii)
1
2

e t tt− sin

7. (i) e e
t

bt at− −− (ii) e e
t

t t− −
8. (i) 2 1( cos )− at

t
(ii)

1 − −e
t

t

9. (i) cos cosat bt
t
− (ii) 1 2+ −−e t

t

t cos

10. (i) e e e
t

t t t− − −+ −2 3 2 (ii) 2( cos )e t
t

t −

11. (i) 
sin πt

t
(ii)

sin
.

2t
t

Hint

6. (i) Use 
s

s

s

s2 2

2 2

2 2 2+

F

HG
I

KJ

′
= − −

+π
π

π( )
.

2.12. CONVOLUTION THEOREM

The convolution theorem is used to find the inverse Laplace transform of the product of two
functions with known inverse Laplace transforms of the factors of the product. Let F(s) and
G(s) be two functions with known inverse Laplace transforms f(t) and g(t) respectively. The
convolution theorem would help us to find the inverse Laplace transform of the product F(s)
G(s). In this theorem, we shall prove that the inverse Laplace transformation of the product

F(s) G(s) is given by the function 
0

t
f g t T dz −( ) ( )T T  of t. This integral is called the convolution

of the functions f and g and it is denoted by f ∗ g.

∴ ( )( ) ( ) ( )f g t f g t T d
t

∗ = −z0 T T .

Let z = t – T. ∴ dz = – dT

∴    ( )( ) ( ) ( ) .f g t f t z g z dz
t

∗ = − −z
0

 = − −zt g z f t z dz
0

( ) ( )

 = −z0
t

g z f t z dz( ) ( )  = −z0
t

g f t d( ) ( )T T T (Replacing z by T)

= (g ∗ f)(t)

∴  f ∗∗∗∗∗ g = g ∗∗∗∗∗ f
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Statement. Let f(t) and g(t) be functions such that their Laplace transforms exist. Prove
that

L(f ∗ g) = L(f) L(g).
Proof. It can be proved mathematically that the Laplace

transform of the convolution of f and g (i.e., f ∗ g) exists.

By definition, L( ) ( ) ( )f g e f g t dtst∗ = ∗
∞ −z0

∴   L T T( ) ( ) ( )f g e f g t T d dtst
t

∗ = −L

N
M

O

Q
P

∞ −z z0 0

= −
∞ −z z0 0

t
ste f g t T d dt( ) ( )T T

= −zz −

R

T Te f g t T d dtst ( ) ( ) ,

where R is the 45° wedge bounded by the lines T = 0 and
T = t in the Tt-plane.

Let u = T and v = t – T.
∴ T = u and t = u + v

∴     J

T T

=

∂
∂

∂
∂

∂
∂

∂
∂

u v

t
u

t
v

 = 
1 0
1 1

 = 1

New variables transform the region R into the region
R′ in the uv-plane defined by u ≥ 0, v ≥ 0.

∴  L
R

( * ) ( ) ( )| |( )f g e f u g v J du dvs u v=
′

− +zz

 =
∞ ∞ − −z z0 0

e e f u g v du dvsu sv ( ) ( ) (∵  |J| = |1| = 1)

= F
HG

I
KJ
F
HG

I
KJ

∞ − ∞ −z z0 0
e f u du e g v dvsu sv( ) ( )

= L(f) L(g).
∴ L(f ∗∗∗∗∗ g) = L(f) L(g).
Corollary 1. Let L(f) = F(s) and L(g) = G(s).
∴ The result of the convolution theorem can be written as

L(f ∗ g) = F(s) G(s).
⇒ L–1 (F(s) G(s)) = f ∗ g

⇒ L F G T T.− = −z1

0
( ( ) ( )) ( ) ( )s s f g t T d

t

∴ If L (F(s)) f(t) and L (G(s)) g(t),1 1− −= =

then  L (F(s) G(s)) f(T) g(t T) dT.1

0

t− = −z

O

t

T

RR

45°45°

T =
 t

T = 0

O

v

u

R′R′
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This formula is used to find the inverse Laplace transform of the product of two
functions.

Corollary 2. Since f ∗ g = g ∗ f, we can also write L F G T T.− = −z1

0
( ( ) ( )) ( ) ( )s s g f t T d

t

ILLUSTRATIVE EXAMPLES

Example 1. Find the inverse Laplace transform of the function 
1

(s 3)(s 2)+ −
.

Sol.  
1

3 2
1

3
1

2( )( )s s s s+ −
=

+
F
HG

I
KJ −
F
HG

I
KJ

 = F(s) G(s),

where F(s) = 
1

3s + and G(s) = 
1

2s −

       L (F L say– 1 – 1( )) ( ),s
s

e f tt=
+

F
HG

I
KJ

= =−1
3

3

and   L (G L say– 1 – 1( )) ( ),s
s

e g tt=
−

F
HG

I
KJ

= =1
2

2 .

By convolution theorem, we have

L F G T T T.− = ∗ = −z1

0
( ( ) ( )) ( ) ( )s s f g f g t d

t

∴ L TT T− − −

+ −
F
HG

I
KJ

= z1

0

3 21
3 2( ) ( )

( )

s s
e e d

t
t

=
−z −

−

0

2 5
2 5

0
5

t
t

t t

e d
eT

T

T =  = − −−1
5

3 2[ ]e et t  = −
−e

5
e

5
.

2t 3t

Example 2. Use convolution theorem to evaluate L–1 
1

s (s a )2 2 2+
F

HG
I

KJ
.

Sol.
1

2 2 2s s a( )+
 = 1 1

2 2 2s s a
F
HG
I
KJ +
F

HG
I

KJ
 = F(s) G(s), where

 F(s) = 1
2s

and G(s) = 
1

2 2s a+
.

L–1(F(s)) = L–1 
1
2s

F
HG
I
KJ

 = t = f(t), say

and L–1(G(s)) = L–1 1
2 2s a+

F

HG
I

KJ
 = 1 1

2 2a
a

s a
L−

+
F

HG
I

KJ
 = 

1
a

 sin at = g(t), say

By convolution theorem, we have

L–1(F(s) G(s)) = f ∗ g = g ∗ f = g
t

( )T
0z  f(t – T) dT
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∴  L–1 
1

2 2 2s s a( )+
F

HG
I

KJ
 = 

1
0 a

a
t

sin TF
HG

I
KJz  (t – T) dT

= 
t
a

a d
a

a d
t t

sin sin
0 0

1
z z−T T T T T

= 
t
a

a
a

t

−F
HG

I
KJ

cos T

0

 – 
1

1
0 0a

a a
a

d
t t

T
T

a
T

T−F
HG

I
KJ

− −F
HG

I
KJ

L

N
M
M

O

Q
P
Pz

cos
.

cos

= – t
a2

 (cos at – 1) – 
1

0
1

0a
t at

a a
a

a

t

− + +
L

N
M
M

O

Q
P
P

cos
.
sin T

= t
a2

 (1 – cos at) + t
a2

 cos at – 1
3a

 sin at – 0

= t
a a2 3

1−  sin at = 
1

a3  (at – sin at).

Example 3. Find the inverse Laplace transform of the function 
s

(s )2 2 2+ π
.

Sol.    
s

s
s

s s( )2 2 2 2 2 2 2
1

+
=

+
F

HG
I

KJ +
F

HG
I

KJπ π π
 = F(s) G(s),

where F(s) = 
s

s2 2+ π
and G(s) = 

1
2 2s + π

.

           L (F L say– 1 – 1( )) cos ( ) ,s
s

s
t f t=

+
F

HG
I

KJ
= =2 2π

π

and L (G L L– 1 – 1( ))s
s s

=
+

F

HG
I

KJ
=

+
F

HG
I

KJ
−1 1

2 2
1

2 2π π
π

π
= =1

π
πsin ( ) , .t g t say

By convolution theorem, we have

L F G T T.− = = −z1

0
( ( ) ( )) * ( ) ( )s s f g f g t T d

t

∴ L T T T– 1 s
s

t d
t

( )
cos . sin ( )2 2 2 0

1
+

F

HG
I

KJ
= −zπ

π
π

π

    = −z
1

2
2

0π
π π[ sin ( ) cost d

t
T T T

= + −z
1

2
2

0π
π π

t
t t d[sin sin ( )]T T = − −

−
L

N
M

O

Q
P

1
2

2
2 0π

π π
π

T
T

sin
cos ( )

t
t

t

= + − −L

N
M

O

Q
P

1
2

1
2

0
1
2π

π
π

π
π

πt t t tsin cos cos  = 1
2

t sin t.
π

π
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Example 4. Find the inverse Laplace transform of the function 
s 3

(s 6s 13)2 2

+
+ +

.

Sol.  
s

s s
s

s s s s
+

+ +
= +

+ +
F

HG
I

KJ + +
F

HG
I

KJ
3

6 13
3

6 13
1

6 132 2 2 2( )
 = F(s) G(s),

where    F(s) = 
s

s s
+

+ +
3

6 132 and G(s) = 
1

6 132s s+ +
.

 L–1 (F(s)) = L–1 
s

s s
s

s
+

+ +
F

HG
I

KJ
= +

+ +
F

HG
I

KJ
−3

6 13
3

3 42
1

2L
( )

 = e–3t L–1 
s

s2 4+
F

HG
I

KJ

= e–3t cos 2t = f(t), say

and  L–1 (G(s)) = L–1 
1

6 13
1

3 42
1

2s s s+ +
F

HG
I

KJ
=

+ +
F

HG
I

KJ
−L

( )  = e–3t L–1 
1

42s +
F

HG
I

KJ

= −e
tt3 2

2
sin

 = g(t), say.

By convolution theorem, we have

 L–1 (F(s) G(s)) = f ∗ g = 
0

t
f g t dtz −( ) (T T) .

∴ L–1 
s

s s
e

t+
+ +

F

HG
I

KJ
= z −3

6 13
2

1
22 2 0

3

( )
cos .T T e–3(t – T) sin 2(t – T) dT.

= 
1
2

2 2
0

3
t

te t dz − −cos sin ( )T T T

= 
e

t d
t t−

z −
3

04
2 2 2sin ( ) cosT T T

= 
e

t t d
t t−

z + −
3

04
2 2 4(sin sin ( ))T T

= 
e

t
tt t−

− −
−

L

N
M

O

Q
P

3

4
2

2 4
4

(sin )
cos ( )

T
T

0

= 
e

t t t t
t−

+ − −L

NM
O

QP
=

3

4
2

1
4

2 0
1
4

2sin cos cos
1
4

 te–3t sin 2t.

Example 5. Find the inverse Laplace transform of the function 
s

(s a )2 2 3+
.

Sol.
s

s a s a s a
s

s a( )2 2 3 2 2 2 2 2 2
1 1

+
=

+
F

HG
I

KJ +
F

HG
I

KJ +
F

HG
I

KJ
 = F(s) F(s) G(s),

where F(s) = 
1

2 2s a+
and G(s) = 

s
s a2 2+

.

   L–1 (F(s)) = L–1 
1 1 1

2 2
1

2 2s a a
a

s a a+
F

HG
I

KJ
=

+
F

HG
I

KJ
=−L  sin at = f(t), say

and  L–1 (G(s)) = L–1 
s

s a2 2+
F

HG
I

KJ
 = cos at = g(t), say.
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By convolution theorem, we have

 L–1 (F(s) F(s)) = f * f = 
0

t
f f t dz −( ) ( )T T T .

∴ L–1(F(s) F(s)) = 
0

1 1t

a
a

az sin .T  sin a(t – T) dT

= 
1

2
22 0a

a at a d
t

z −sin sin ( )T T T

= 
1

2
22 0a

a at at d
t

z − −[cos ( ) cos ]T T

= 
1

2
2
22

0a
a at

a
at

t
sin ( )T

T(cos )
− −L

NM
O

QP

= 
1

2 2 2
02a

at
a

t at
at

a
sin

cos
sin ( )− − − +L

NM
O

QP

= 
1

2
1

22 3a
at

a
t at

a
sin

cos−L

NM
O

QP
=  [sin at – at cos at] = h(t), say.

Again, by convolution theorem, we have

 L–1 (F(s) F(s) . G(s)) = h ∗ g = 
0

t
h g t dz −( ) ( )T T T .

∴ L–1 
s

s a a

t

( )2 2 3 0 3
1

2+
F

HG
I

KJ
= z  (sin aT – aT cos aT) cos a(t – T) dT

= 
1

2 3 0a
a at a

t

z −(sin cos ( )T T  – aT cos aT cos (at – aT)) dT

= 
1

4
23 0a

a at a
t

z −( sin )T cos ( T  – aT . 2 cos aT cos (at – aT)) dT

= 
1

4
23 0a

at a at
t

z + −(sin sin ( )T  – aT(cos at + cos (2aT – at))) dT

= 
1

4
23 0 0 0a

at d a at d a at dt
t t t

sin sin ( ) cosz z z+ − −L

N
M T T T T

− − O

Q
Pza a at d

t

0
2T T Tcos ( )

= 
1

4

2
2 23

0 0 0a
at

a at
a

a at
t t t

(sin )
cos ( )

( cos )T
T T2

−
−

−
L

N

M
M

– a T
T T

T.
sin ( )

.
sin ( )2

2
1

2
20 0

a at
a

a at
a

d
t t− − −F

H
G

I

K
J
O

Q
P
Pz
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= 
1

4
0

1
2 2

1
23

2

a
t at

a
at at

at at
sin (cos cos )

cos− − − − −
L

N
M  (t sin at – 0)

+ 
1
2

2
2 0

− −F
HG

I
KJ
O

Q
P
P

cos ( )a at
a

t
T

= 
1

4
1
2

1
2

1
43

2

a
t at at at t at

a
at atsin cos sin (cos cos )− − − −L

NM
O

QP

= 
1

4
1
2

1
23

2

a
t at at atsin cos−L

NM
O

QP
. = 

t
8a

[sin at at cos at].3 −

WORKING STEPS FOR SOLVING PROBLEMS
Step I. Write the given function as the product of two functions say F(s) and G(s).
Step II. Find the inverse Laplace transforms of the functions F(s) and G(s) and call

these functions as f(t) and g(t) respectively.
Step III. Write the result of convolution theorem as

L F G T T.− = −z1

0
( ( ) ( )) ( ) ( )s s f g t T d

t

Step IV. Substitute the values of f(T) and g(t – T) and simplify the integral on the right
side.

TEST YOUR KNOWLEDGE

Find the inverse Laplace transform of the following functions by using convolution
theorem :

1. (i) 
1

2 4( ) ( )s s− + (ii)
4

3 7( ) ( )s s− +

2. (i) 
1

12s s( )− (ii)
1

12s s( )+

3. (i) 
1

12 2s s( )+ (ii)
1

13 2s s( )+

4. (i) 
1

1 12( ) ( )s s+ + (ii)
1

12 2( )s +

5. (i) 
1

2 2 2s s a( )− (ii)
a

s s a

2

2( )+

6. (i) 
1

1 3s s( )+ (ii)
4

13 2s s s+ + +

7. (i) 
s

s

2

2 24( )+ (ii)
s

s

2

2 29( )−

8. (i) 
1

3 3s a− (ii)
s

s s

+
+ +

2

4 52 2( )

9. (i) 
s

s s( )2 22+
(ii)

1

2 3s s( )+
.




