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Inverse Laplace Transform

F (s) = ∫
0

∞

f (t)e−st d t

Laplace Transform

f (t) = 1
2π i ∫

σ0−i∞

σ0+i∞

F (s)es t d s

Inverse Laplace Transform

= ∫
0

∞

{ f (t)e−xt } e−iyt d t
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Inverse Laplace Transform

F (s) = ∫
0

∞

f (t)e−st d t

= ∫
0

∞

{ f (t)e−xt } e−iyt d t

f(t) continuous on [0, ∞)
f(t) = 0  for t < 0 
f(t) has exponential order α
f’(t) piecewise continuous on [0, ∞)

F(s) converges absolutely
 for Re(s) = x > α = ∫

0

∞

∣ f (t)∣ e−xt d t < ∞∫
0

∞

∣ f (t)e−st∣ d t

x > α

F (x , y) = ∫
0

∞

{ f (t)e−xt } e−iyt d t

g (t ) = f (t)e−xtFourier Transform

F (x , y) = ∫
0

∞

g (t) e−iyt d t

g (t ) = 1
2π ∫

−∞

+∞

F (x , y)eiyt d y

f (t) = 1
2π ∫

−∞

+∞

F ( x , y)e xt eiyt d y

Inverse Fourier Transform

Laplace Transform
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Fourier-Mellin Inversion Formula

F (x , y) = ∫
0

∞

{ f (t)e−xt } e−iyt d t

g (t ) = f (t)e−xtFourier Transform

F (x , y) = ∫
0

∞

g (t) e−iyt d t

g (t ) = 1
2π ∫

−∞

+∞

F (x , y)eiyt d y

f (t) = 1
2π ∫

−∞

+∞

F ( x , y)e xt eiyt d y

Inverse Fourier Transform

s = x + i y ds = i d y x > α (fixed x)

f (t) = 1
2π i ∫

x−i∞

x+i∞

F ( x , y)e st d s = lim
y→∞

1
2π i ∫x−i y

x+i y

F (s)e st d s

Complex Inversion Formula (Fourier-Mellin Inversion Formula)

Vertical line at x : Bromwich line
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Contour Integration (1) 

x + i y

x − i y

R

xα

C R

C L

1
2π i∫C

F (s)e st d s

= 1
2π i∫C R

F (s)e st d s + 1
2π i∫C L

F (s)est d s

F(s) is analytic for Re(s) = x > α  
F(s)all singularities must lie 
to the left of Bromwich line

Assume F(s) is analytic for Re(s) = x < α  
except for having finitely many poles

z1, z2, ⋯ , zn

1
2π i∫C

F (s)e st d s = ∑
k=1

n

Res( zk )

= 1
2π i∫C R

F (s)e st d s + 1
2π i∫x−iy

x+iy
F (s)e st d s
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Contour Integration (2) 

x + i y

x − i y

R

xα

C R

C L

1
2π i∫C

F (s)e st d s = ∑
k=1

n

Res( zk )

= 1
2π i∫C R

F (s)e st d s + 1
2π i∫x−iy

x+iy
F (s)e st d s

lim
R→∞

∫CR
F (s)e st d s = 0 (t > 0)

f (t) = lim
y→∞

1
2π i∫x−iy

x+iy
F (s)e st d s = ∑

k=1

n

Res(zk )
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