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Laplace Transform → Fourier Transform

F (s) = ∫
0

∞

f (t)e−st d t

Laplace Transform

f (t ) =
1

2π i ∫σ 0−i∞

σ0+ i∞

F (s)es t d s

Inverse Laplace Transform

= ∫
0

∞

{f (t )e−xt} e−iy t d t

f (t ) = 0 t < 0

s= x + i y ,

= F (x , y)

Fourier Transform

f (t ) =
1

2π i
∫
σ0−i∞

σ 0+i∞

F (x+i y)e xt ei y t d s

F (x , y) = ∫
0

∞

g(t ) e−iy t d t

g( t) = {f ( t)e−x t} ,

g(t ) =
1
2π∫−∞

+∞

F (x , y)e i y t d y

f (t ) =
1

2π i
∫
σ0−i∞

σ 0+i∞

F (x , y)e x t ei y t d s

Inverse Fourier Transform

for a given x

d s = d x + i d y = i d y , for a given x
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Fourier Transform → Laplace Transform

f (t )e−xt =
1

2π ∫−i∞

+i∞

F ( x , y)ei y t d y

f (t ) =
1
2π ∫−i∞

+i∞

F (x , y)e+ x t ei y t d yf (t ) = 0 t < 0

s= x + i y ,

Fourier Transform

F (x , y) = ∫
0

∞

g(t ) e−iy t d t g(t ) =
1
2π∫−∞

+∞

F (x , y)e i y t d y

Inverse Fourier 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

g( t) = {f ( t)e−x t} ,

for a given x ,(x>α)

d s = d x + i d y = i d y , for a given x
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Exponential Order

F (s) = ∫
0

∞

f (t)e−st d t

Laplace Transform

the growth rate of a function f(t)
∣ f (t)∣ ≤ M eα t ,

s > 0 ℜ(s) > 0for 
the integral converges 
if f(t) does not grow too rapidly

a function    has exponential order 

Exponential Order α

there exist constants              and    
such that for some 

M > 0 α
t > t 0

f α

t > t 0

∫
0

∞

∣ f ( t)∣e−σ t d t < ∞ for some σ

∫
0

∞

∣ f ( t)e−st ∣ d t = ∫
0

∞

∣ f (t)e−x t e−i y t∣ d t = ∫
0

∞

∣ f ( t)e−xt∣ d t < ∫
0

∞

∣ f (t)∣e−σ t d t < ∞ for  

s > σ

ℜ(s) > σ

exponential order σ absolutely converges for f (t ) F (s) = ∫
0

∞

f ( t)e−s t d t

s > σ
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Convergence of the Laplace Transform

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) > α 

= ∫
0

∞

∣f ( t)∣ e−xt d t < ∞∫
0

∞

∣f (t )e−st∣ d t

x > α

∫
0

∞

∣f (t )e−s t∣ d t < ∞

( ∣e−st∣=∣e−xt ∣∣e−iyt ∣= e−xt )

{f ( t) e−xt } = g( t)

absolutely integrable for

Use Fourier Inversion

F (s) = ∫
0

∞

f (t)e−st d t

Laplace Transform

= ∫
0

∞

{f (t )e−xt} e−iy t d t

F(s) converges absolutely

 for Re(s) > α 

∫
0

∞

∣f (t )e−s t∣ d t < ∞
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Fourier Transform 

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

x > αabsolutely integrable forg (t ) = f (t )e−xt

f (t ) =
1
2π∫−∞

+∞

F (x , y)e( x+ iy)t d y

s= x + i y

(x > α)

d s= i d y
fixed =

1
2π i ∫x−i∞

x+ i∞

F (s)es t d s

s = x + i∞y =+∞

s = x − i∞y =−∞
= lim

y→∞

1
2π i ∫x−i y

x+ i y

F (s)es t d s

x − i y

xα
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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

Inverse Fourier Transform

f (t) =
1

2π i
∫
x−i∞

x+ i∞

F (s)e st d s

Complex Inversion Formula

(Fourier-Mellin Inversion Formula)

Vertical line at x : Bromwich line

= lim
y→∞

1
2π i
∫
x−i y

x+ i y

F (s)est d s

s= x + i y

d s= i d y

(x > α)

fixed

s = x + i∞y =+ ∞

s = x − i∞y =−∞

xα

f (t) =
1
2π
∫
−∞

+ ∞

F ( x , y)e xt eiyt d y
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Bromwich Contour Integration 

s= x + i y

s= 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 (z k)

1
2π i
∫x−iy
x+iy

F (s)est 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

0 ∑
k=1

n

Res (zk)

R→∞

contour integration 
on C

R

contour integration 
on C

L

1
2π i
∫C R

F (s)e st d s = 0

for a given x
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Growth Restriction Conditions on F(s)

lim
R→∞
∫CR

F (s)est d s = 0 (t > 0)

For s on CR,  some p > 0

all R > R0

∣F(s)∣ ≤
M

∣s∣p

x + i y

x − i y

R

x

C R

C L

∣F(s)∣ ≤
M

∣s∣p
Growth Restriction

∣F (s)∣ → 0 as ∣s∣ → ∞

θ1

θ2

∣ f (t )∣ ≤ M eα t ,

a function    has exponential order 

there exist constants              and    
such that for some 

M > 0 α
t > t 0

f α

t > t 0
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x + i y

x − i y

R

x

C R

C L

θ1

θ2

R→∞

x

C R

C L

A
B

D
E

R→∞

∣e t s∣≤ et x = c

ÃB , D̃E 0 ≤ ℜ(s) ≤ x

t > 0for a fixed

C

∣∫C R

F (s)e st d s∣ ≤ ∫AB ∣F (s)∣∣e
st∣∣d s∣

≤
2M

R p−1 ∫θ1

π/2
eRt (−sinϕ) dϕ

≤
2M

R p−1 ∫θ1

π/2
c d ϕ

θ =
l
r

r θ = l

≤
2M

R p
l ( ÃB) → 0 R→∞

∣∫ÃB
F (s) est d s∣ → 0 R→∞

∣∫D̃E F(s)e
st d s ∣ → 0 R→∞

lim
R→∞
∫C R

F (s)e st d s = 0

Contour Integration on C
R 
(x > 0)

looks like
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Contour Integration on C
R 
(x < 0)

R→∞

x

CR

CL

s = Rei θ = R(cosθ + i sinθ)

e st = eRt (cosθ + isin θ) = eRt cos θei Rt sin θ

∣e st∣ = eRtcos θ

∣∫C R

F (s)e st d s∣ ≤ ∫C R

∣F (s)∣∣e st∣∣d s ∣

≤
M

R p−1 ∫π/2
3π/2

eRt cos θ dθ

π
2 ≤ θ ≤ 3 π

2

R→∞

s = Re iθ θ1 ≤ θ ≤ θ2

ds = i R eiθ dθ

∣ds∣ = R d θ

∣F (s)∣ ≤
M

∣s∣
p Growth Restriction

≤ ∫π/2
3π/2 M

R p
eRtcosθ Rdθ

ϕ = θ − π/2 =
M

R p−1 ∫0

π

eRt (−sinϕ) dϕ

=
2M

R p−1 ∫0

π/2
eRt (−sinϕ) dϕ
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y=sin(x) and y=mx 

(π/2,1)

sinϕ ≤
2
π ϕ

≤
2M

R p−1 ∫0

π/2
eRt (−sinϕ) dϕ

m = 2 /π ∣∫C R

F (s)e st d s∣ ≤ ∫C R

∣F (s)∣∣e st∣∣d s ∣

(0 ≤ ϕ ≤ π
2
) ≤

2M

R p−1 ∫0

π/2
e
−2 Rt ϕ
π d ϕ

≤
2M

R p−1 [− π
2R t

e
−2R t ϕ
π ]

π/2

=
M π

R p t
(1 − e−R t ) → 0 R→∞
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Convergence of the Laplace Transform

f(t) continuous on [0, ∞)

f'(t) piecewise continuous on [0, ∞)

Laplace Transform

= ∫
0

∞

{f (t )e−xt} e−iy t d t

f(t) has exponential order α on [0, ∞)

F(s) = L{f(t)}  for Re(s) > α 

some p > 0∣F (s)∣ ≤
M

∣s∣p

for all |s| sufficiently large 

F(s) is analytic except for finitely 
many poles at z

1
, z

2
, … , z

n
 

f (t ) =
1

2π i ∫x−i∞

x+i∞

F( s)est d s = ∑
k=1

n

Res (z k)

Inverse Laplace Transform

for a given x

F (s) = ∫
0

∞

f ( t)e−st 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) > α 

∫
0

∞

∣f (t )e−s t∣ d t < ∞

converging
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L-1{1/s(s-a)}

F (s) =
1

s (s−a)

∣∣s∣−∣a∣∣ ≤ ∣s−a∣ ≤ ∣s∣−∣a∣

∣s∣≥ 2∣a∣

∣a∣ ≤ ∣s∣−∣a∣ ≤ ∣s−a∣

1
∣s−a∣

≤
1
∣a∣

1
∣s∣
≤

1
2∣a∣

∣F (s)∣ = ∣1s∣∣
1
s−a∣ ≤

1

2∣a∣
2 =

2

(2∣a∣)
2

∣F (s)∣ ≤
2

∣s∣
2 ∣s∣≥ 2∣a∣

∣e t s∣≤ et x = c

ÃB , D̃E 0 ≤ ℜ(s) ≤ x

t > 0for a fixed

∣∫ÃB
F (s)est d s∣ → 0 R→∞

∣∫D̃E F(s)e
st d s ∣ → 0 R→∞

Res (0) = lim
s→ 0

s e t s F( s) = lim
s→0

et s

(s−a)
= −

1
a

Res (a) = lim
s→a
(s−a)e t s F( s) = lim

s→0

et s

s
=

ea t

a

f (t ) =
1
a
(ea t − 1)

f (t ) =
1

2π i ∫x−i∞

x+i∞

F( s)est d s = ∑
k=1

n

Res (z k)

for a given x∣s∣≥ 2∣a∣
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f (t ) =
1

2π i ∫x−i∞

x+i∞

F( s) est d s = ∑
k=1

n

Res(z k)

for a given x∣s∣≥ 2∣a∣

L-1{s/(s2 – a2)}

F (s) =
s

s2
−a2

∣F (s)∣ = ∣ s

s2−a2∣

= L−1
(cosh (a t))

≤
∣s∣

∣s∣
2
−∣a∣

2

∣a∣
2
≤
∣s∣2

4

∣s∣2−∣a∣2 ≥
3
4
∣s∣2

−∣a∣
2
≥ −

∣s∣2

4

∣F (s)∣ ≤
∣s∣

3 /4∣s∣
2 =

4 /3
∣s∣

∣s∣≥ 2∣a∣ ∣s∣2 ≥ 4∣a∣2

∣s∣≥ 2∣a∣

∣e t s∣≤ et x = c

ÃB , D̃E 0 ≤ ℜ(s) ≤ x

t > 0for a fixed

∣∫ÃB
F (s)est d s∣ → 0 R→∞

∣∫D̃E F(s)e
st d s ∣ → 0 R→∞

Res(a) = lim
s→0
(s−a)e t s F( s) = lim

s→0

se t s

(s+a)
=

eat

2

Res(−a) = lim
s→ a
( s+a)et sF (s) = lim

s→0

s e t s

(s−a)
= −

e−a t

2

f (t ) =
e+at − e−at

2
= cosh(at )
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L-1{1/s(s2 + a2)2}

F (s) =
1

s (s2+a2)2

∣F (s)∣ ≤
M

∣s∣
5

F (s) =
1

s (s2+a2
)
2 =

1

s(s−i a)2( s+i a)2

=
et 0

(0−i a)2(0+i a)2
=

1

a4

(s2+a2) ≥ s2
1

(s2+a2
)
≤

1

s2

∣F (s)∣ = ∣ 1

s(s2+a2
)
2 ∣ ≤

1

∣ s ∣
5

for a suitably large

Res (0) = lim
s→0

{s et sF (s)}

Res (±i a) = lim
s→±i a

d
d s

{(s∓i a)2et s F (s)}

= lim
s→±ia

d
d s { et s

s(s±ia)2 }= lim
s→±ia

d
d s { et s

s3−a2 s±2 ia s2 }
= lim

s→±ia {e
t s [t (s3−a2 s±2 i a s2)−(3s2−a2±4 i a s)]

(s3−a2 s±2 i a s2)2 }
= lim

s→±ia {e
±i a t [ t (∓ia3∓ia3∓2 i a3)−(−3a2−a2−4a2)]

(∓ia3∓i a3∓2 ia3)2 }
= {e

±i a t [i t(∓4a3)+(8a2)]

−(∓4 a3)2 } = {± i t

4a3 e
±i a t −

1

2a4 e
±ia t}

f (t ) =
1

2π i ∫x−i∞

x+i∞

F( s)est d s = ∑
k=1

n

Res (z k)

for a suitably large x

∣s∣

f (t ) = {+ i t

4 a3 e
+ia t −

1

2a4 e
+ ia t} + {− i t

4a3 e
−i a t −

1

2a4 e
−ia t} + 1

a 4

=
1

a3 {1 − a
2
t sin at − cos at }
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Inverse Laplace Transform 

F (s) =
P( s)
Q(s)

=
an s

n
+ an−1 s

n−1
+⋯+ a0

bm s
m
+ bm−1 s

m−1
+⋯+ b0

=
an + an−1 s

−1
+⋯+ a0 s

−n

sm−n (bm + bm−1 s
−1 +⋯+ b0 s

−m )

∣an + an−1

s
+⋯+

a0

sn ∣ ≤ ∣an ∣+ ∣an−1∣+⋯+∣a0∣ = c1

∣bm + bm−1

s
+⋯+

b0

sm ∣

Res( z0) = lim
z→ z0

(z − z0)
P( z)
Q(z)

= lim
z→ z0 {

P(z)
Q (z) − Q( z0)

z − z0
} =

P( z0)

Q ' (z0)
≥ ∣bm ∣−

∣bm−1∣
∣ s∣

−⋯−
∣b0∣

∣s∣m

∣F (s)∣ ≤
c1/c2

∣ s∣m−n

∣s∣ ≥
∣bm−1∣
∣bm∣

1
∣s∣

≤
∣bm ∣
∣bm−1∣

∣bm−1∣
∣s∣

≤ 2
∣bm∣
m

∣s∣ ≥
m
2
∣bm−1∣
∣bm ∣

∣s∣ ≥
m
2
∣bm−1∣
∣bm ∣

,
m
2
∣bm−2∣
∣bm ∣

⋯ ,
m
2
∣b0∣
∣bm∣

≥
∣bm∣

2
= c2

for a suitably large ∣s∣

Res (zk ) =
e zk t P( zk )

Q' (zk )

f (t ) = ∑
zk

Res( zk) = ∑
zk

ezk t P( zk)

Q' (zk )

f (t ) =
1

2π i ∫x−i∞

x+i∞

F( s)est d s = ∑
k=1

n

Res (z k)

for a suitably large x
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Infinitely Many Poles

{zk}k=1
∞ ℜ{s}=x0 > 0

∣ z1∣ ≤ ∣ z2∣ ≤ ⋯ ≤ ∣ zk∣ ≤ ⋯

Γn = Cn ∪ [x 0−iyn , x0+iyn]

f (t ) =
1

2π i
∫Γn F (s)e

st d s = ∑
k=1

n

Res( zk )

=
1

2π i ∫x0−i yn

x 0+i yn

F (s)e st d s +
1

2π i∫C n

F(s)e st d s

lim
n→∞

1
2π i
∫
C n

F( s) est d s = 0

Assume F(s) has 
infinitely many poles to the left of the line

each pole has the condition

∣ zk∣→ ∞ as k → ∞

Consider the contour 
which encloses the first n poles

Cauchy Residue Theorem

∣ y n∣→ ∞

f (t ) =
1

2π i ∫x 0−i∞

x 0+ i∞

F (s)e st d s = ∑
k=1

∞

Res ( zk)

If we can show

then we haveC 1

C2

C3

Cn−1

Cn

x 0+i yn

x 0−i y n

x 0+i y1

x 0−i y 1

⋯

z1

z2

z3

zn−1

zn
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L-1{1/s(1 + eas)}   (a>0)

F (s) =
1

s (1 + eas)

s= 0 ea s=−1= e(2n−1)π i

s= ( 2n−1
a )π i n = 0,±1,±2, ⋯

G(s) = 1 + ea s d
d s
G (s) = a ea s

G(sn) = 0

All are simple pole

Cauchy Residue Theorem

Res (0) = lim
s→0

s et s F (s) = lim
s→0

1

(1+ea s)
=

1
2

Res (sn) = lim
s→0
(s−sn)e

t s F (s)

=
et sn

G (sn)+ sG ' (sn)

G' ( sn) =−a < 0

= lim
s→0
(s−sn)

P(sn)

Q' (sn) Q(s) = sG (s)

P(s) = ea s

=
e t sn

(1 + easn)+a sne
asn

=
et sn

a sne
a sn
=−

e t sn

a sn
a s = (2 n−1 )π i

Res(sn) =−
e
t ( 2n−1

a )πi

(2n−1 )π i

∑ Res =
1
2
−∑
n=−∞

∞ e
t (2n−1

a )πi

(2n−1 )π i

=
1
2
−

2
π∑
n=1

∞ {et (
2n−1
a )π i

− e
t (2n−1

a )πi}
2 i (2n−1 )

f (t ) =
1
2
−

2
π∑
n=1

∞ 1
(2n−1 )

sin {(2 n−1
a )π t }
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L-1{1/s(s2 + a2)2}

F (s) =
1

s (s2+a2)2

∣F (s)∣ ≤
M

∣s∣
5

F (s) =
1

s (s2+a2
)
2 =

1

s(s−i a)2( s+i a)2

=
et 0

(0−i a)2(0+i a)2
=

1

a4

(s2+a2) ≥ s2
1

(s2+a2
)
≤

1

s2

∣F (s)∣ = ∣ 1

s(s2+a2
)
2 ∣ ≤

1

∣ s ∣
5

for a suitably large

Res (0) = lim
s→0

{s et sF (s)}

Res (±i a) = lim
s→±i a

d
d s

{(s∓i a)2et s F (s)}

= lim
s→±ia

d
d s { et s

s(s±ia)2 }= lim
s→±ia

d
d s { et s

s3−a2 s±2 ia s2 }
= lim

s→±ia {e
t s [t (s3−a2 s±2 i a s2)−(3s2−a2±4 i a s)]

(s3−a2 s±2 i a s2)2 }
= lim

s→±ia {e
±i a t [ t (∓ia3∓ia3∓2 i a3)−(−3a2−a2−4a2)]

(∓ia3∓i a3∓2 ia3)2 }
= {e

±i a t [i t(∓4a3)+(8a2)]

−(∓4 a3)2 } = {± i t

4a3 e
±i a t −

1

2a4 e
±ia t}

f (t ) =
1

2π i ∫x−i∞

x+i∞

F( s)est d s = ∑
k=1

n

Res (z k)

for a suitably large x

∣s∣

f (t ) = {+ i t

4 a3 e
+ia t −

1

2a4 e
+ ia t} + {− i t

4a3 e
−i a t −

1

2a4 e
−ia t} + 1

a 4

=
1

a3 {1 − a
2
t sin at − cos at }
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L-1{1/s(1 + eas)}   (a>0)

+2nπ i

Rn

x0

Cn

C L

points on the contour C
n

−2nπ i

s = Rne
i θ =

2nπ
a
eiθ (R n = 2nπ

a )

s = +2nπ i

a = 1assume

θ = +π/2

s = −2nπ i θ = −π/2

s-plane

s = Rne
i θ = 2nπe iθ (Rn = 2nπ )
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L-1{1/s(1 + eas)}   (a>0)

+2nπ i

Rn

x0

Cn

C L

−2nπ i

1 2

H (s) = (1 + e s)

s-plane -planeζ

x + i y 1 + ex ei y

s = x + i y

0 < x ≤ x0

−2nπ ≤ y ≤+2nπ

1 < ex ≤ ex 0

cos(2nπ)− i sin(2 nπ) = 1

cos(2nπ) + i sin (2 nπ) = 1

ei y = 1

Rn

n → ∞

y →±2nπ

cos (−2nπ+ϵ) +
isin (−2nπ+ϵ)

cos (2nπ−ϵ) +
isin (2n π−ϵ)

ζ = 1 + exe i y

∣1 + e s∣> 2

as n → ∞y →±2nπ

0 < x ≤ x0

0 < x ≤ x0
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L-1{1/s(1 + eas)}   (a>0)

Rn

x0

C L

1 2

H (s) = (1 + e s)

s-plane -planeζ

x + i y 1 + ex ei y cos (−2nπ+ϵ) +
isin (−2nπ+ϵ)

cos (2nπ−ϵ) +
isin (2n π−ϵ)

x < 0

+2nπ i

−2nπ i

s = x + i y

x < 0

y =+2nπ

ex < 1

e2n πcosϕ cos(2nπsinϕ)

ei y = 1

ei y = 1

ζ = 1 + exe i y

∣1 + es∣>

as n → ∞y →±2nπ

0 < x ≤ x0

+2(n−1)π i

−2(n−1)π i

y =+2(n−1)π

ϕ

x = 2nπ cosϕ

y = 2n π sinϕ

> b > 0

e2n πcosϕ cos(2nπsinϕ)
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L-1{1/s(1 + eas)}   (a>0)

s = x + i y

x < 0

y =+2nπ

ex < 1

ei y =−1

ei y =+1

ζ = 1 + exe i y

y =+2nπ−π

sinϕ = 1

x = 2nπ cosϕ

y = 2n π sinϕ

y =+2nπ− 1
2 π ei y =+i

y =+2nπ− 3
2 π ei y =−i

y =+2nπ−2π ei y =+1

sinϕ = (n−1/4)
n

sinϕ = (n−1/2)
n

sinϕ = (n−3/4 )
n

sinϕ = (n−1)
n
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L-1{1/s(1 + eas)}   (a>0)

s = x + i y

x < 0

y =+2nπ

ex < 1

e2n πcosϕ cos(2nπsinϕ)

ei y =+1

ei y =+1

ζ = 1 + exe i y

∣1 + e s∣>

as n → ∞y →±2nπ

0 < x ≤ x0

y =+(2 n−2) π

> b > 0

e2n πcosϕ cos(2nπsinϕ)ϕ = +π/2

ϕ =−π/2

+π/2

m = 2 /π

−π/2

x = 2nπ cosϕ

y = 2n π sinϕ

y =+2(n−1)π = 2 nπ sinϕ

sinϕ =
(n−1)
n

1
2
,

2
3
,

3
4
, ⋯,

999
1000

, ⋯

y =+(2 n−1) π ei y =−i
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L-1{1/s(s2 + a2)2}

{zk}k=1
∞ ℜ{s}=x 0 > 0

∣ z1∣ ≤ ∣ z2∣ ≤ ⋯

Γn = Cn ∪ [x0−iyn , x0+iyn]

f (t ) =
1

2π i ∫x−i∞

x+i∞

F( s)est d s = ∑
k=1

n

Res (z k)

∑
k=1

n

Res( zk ) =
1

2π i ∫x−i y n

x+ i y n

F(s)e st d s +
1

2π i∫Cn
F (s)e st d s

lim
n→∞

1
2 π i
∫
C n

F (s)e st d s = 0

∑
k=1

n

Res( zk ) =
1

2π i ∫x−i y n

x+ i y n

F(s)e st d s = ∑
k=1

n

Res( zk )
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