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Christian Andreas 
Doppler

Born: 29 November 1803 in Salzburg, 
Austria 

Died: 17 March 1853 in Venice (now 
Italy)

1. was an Austrian Mathematician who is best 

known for an effect in wave theory.

2. The effect occurs because the frequency of 

the sound waves changes as the source of 
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0

∞

∫ dt = 2
π

t 29 eist
0

∞

∫ dt

Substituting, ist =−ζ weget, 2
π

t 29 eist
0

∞

∫ dt = − 1
is

⎛
⎝⎜

⎞
⎠⎟
30 2

π
e−ζζ 30−1

0

∞

∫ dζ

= − 1
is

⎛
⎝⎜

⎞
⎠⎟
30 2

π
e−ζζ 30−1

0

∞

∫ dζ = i
s

⎛
⎝⎜

⎞
⎠⎟
30 2

π
Γ 30( )
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1
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Γ 30( )
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∴ fc! s( )+ i fs! s( ) = 2
π
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0

∞

∫ dt = cos15π + isin15π( ) 2
π
1
s30
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∴ fc! s( ) = cos15π
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2
π
Γ 30( ) = − 2

π
29!
s30

and fs! s( ) = sin15π
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2
π
Γ 30( ) = 0
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⎝⎜
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π
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Γ 30( )
= cos15π + isin15π( ) 2

π
1
s30

Γ 30( )

Equating the real and imaginary parts we get, 

∴ fc! s( )+ i fs! s( ) = 2
π

t 29 eist
0

∞

∫ dt = cos15π + isin15π( ) 2
π
1
s30

Γ 30( )

∴ fc! s( ) = cos15π
s30

2
π
Γ 30( ) = − 2

π
29!
s30

and fs! s( ) = sin15π
s30

2
π
Γ 30( ) = 0

for n > 0( ) Prove that

fc! s( )+ i fs! s( ) = 2
π

t n−1 eist
0

∞

∫ dt = cosnπ + isinnπ( ) 2
π
1
sn

Γ n( )
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Find the Fourier cosine transform of f x( ) = e− x2

Wehave, fc! s( ) = 2
π

f (t) cos st
0

∞

∫ dt = 2
π

e− t
2

cos st
0

∞

∫ dt
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Find the Fourier cosine transform of f x( ) = e− x2

Wehave, fc! s( ) = 2
π

f (t) cos st
0

∞

∫ dt = 2
π

e− t
2

cos st
0

∞

∫ dt

Let I = e− t
2

cos st
0

∞

∫ dt then, dI
ds

= ∂
∂s

e− t
2

cos st( )
0

∞

∫ dt
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Find the Fourier cosine transform of f x( ) = e− x2

Wehave, fc! s( ) = 2
π

f (t) cos st
0

∞

∫ dt = 2
π

e− t
2

cos st
0

∞

∫ dt

Let I = e− t
2

cos st
0

∞

∫ dt then, dI
ds

= ∂
∂s

e− t
2

cos st( )
0

∞

∫ dt

= − te− t
2

sin st
0

∞

∫ dt = 1
2
sin st −2te− t

2( )
0

∞

∫ dt = 1
2
sin st d e− t

2( )
0

∞

∫



       Lecture delivered during the Teachers Enrichment Workshop held at IMSC 
between 26th November to 1st December 2018. 

Find the Fourier cosine transform of f x( ) = e− x2

Wehave, fc! s( ) = 2
π

f (t) cos st
0

∞

∫ dt = 2
π

e− t
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cos st
0

∞
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Let I = e− t
2

cos st
0

∞

∫ dt then, dI
ds

= ∂
∂s

e− t
2

cos st( )
0

∞

∫ dt

= − te− t
2

sin st
0

∞

∫ dt = 1
2
sin st −2te− t

2( )
0

∞

∫ dt = 1
2
sin st d e− t

2( )
0

∞

∫

= 1
2
sin st .e− t

2

0

∞
− s cos st e− t

2

dt
0

∞

∫
⎧
⎨
⎩⎪

⎫
⎬
⎭⎪



       Lecture delivered during the Teachers Enrichment Workshop held at IMSC 
between 26th November to 1st December 2018. 

Find the Fourier cosine transform of f x( ) = e− x2

Wehave, fc! s( ) = 2
π

f (t) cos st
0

∞

∫ dt = 2
π

e− t
2

cos st
0

∞

∫ dt

Let I = e− t
2

cos st
0

∞

∫ dt then, dI
ds

= ∂
∂s

e− t
2

cos st( )
0

∞

∫ dt

= − te− t
2

sin st
0

∞

∫ dt = 1
2
sin st −2te− t

2( )
0

∞

∫ dt = 1
2
sin st d e− t

2( )
0

∞

∫

= 1
2
sin st .e− t

2

0

∞
− s cos st e− t

2

dt
0

∞

∫
⎧
⎨
⎩⎪

⎫
⎬
⎭⎪

= − s
2

e− t
2

.cos st dt
0

∞

∫ = − s
2
I
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∴ e− t
2

cos st
0

∞

∫ dt = ke
− s

2

4

k = e− t
2

0

∞

∫ dt = π
2
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∴ dI
ds

= − s
2
I ⇒ dI

I
= − s

2
ds

∴ e− t
2

cos st
0

∞

∫ dt = ke
− s

2

4

k = e− t
2

0

∞

∫ dt = π
2



       Lecture delivered during the Teachers Enrichment Workshop held at IMSC 
between 26th November to 1st December 2018. 

∴ dI
ds

= − s
2
I ⇒ dI

I
= − s

2
ds Hence, dI

I∫ = − s
2
ds∫ + log k

∴ e− t
2

cos st
0

∞

∫ dt = ke
− s

2

4

k = e− t
2

0

∞

∫ dt = π
2
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∴ dI
ds

= − s
2
I ⇒ dI

I
= − s

2
ds Hence, dI

I∫ = − s
2
ds∫ + log k

⇒ log I = − s
2

4
+ log k = log ke

− s
2

4
⎛

⎝⎜
⎞

⎠⎟

∴ e− t
2

cos st
0

∞

∫ dt = ke
− s

2

4

k = e− t
2

0

∞

∫ dt = π
2
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∴ dI
ds

= − s
2
I ⇒ dI

I
= − s

2
ds Hence, dI

I∫ = − s
2
ds∫ + log k

⇒ log I = − s
2

4
+ log k = log ke

− s
2

4
⎛

⎝⎜
⎞

⎠⎟
⇒ I = ke

− s
2

4

∴ e− t
2

cos st
0

∞

∫ dt = ke
− s

2

4

k = e− t
2

0

∞

∫ dt = π
2
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∴ dI
ds

= − s
2
I ⇒ dI

I
= − s

2
ds Hence, dI

I∫ = − s
2
ds∫ + log k

⇒ log I = − s
2

4
+ log k = log ke

− s
2

4
⎛

⎝⎜
⎞

⎠⎟
⇒ I = ke

− s
2

4

∴ e− t
2

cos st
0

∞

∫ dt = ke
− s

2

4 Putting    s=0 we   get, 

k = e− t
2

0

∞

∫ dt = π
2
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∴ dI
ds

= − s
2
I ⇒ dI

I
= − s

2
ds Hence, dI

I∫ = − s
2
ds∫ + log k

⇒ log I = − s
2

4
+ log k = log ke

− s
2

4
⎛

⎝⎜
⎞

⎠⎟
⇒ I = ke

− s
2

4

∴ e− t
2

cos st
0

∞

∫ dt = ke
− s

2

4 Putting    s=0 we   get, 

k = e− t
2

0

∞

∫ dt = π
2

Therefore fc! s( ) = 2
π
× I = 2

π
× π
2
e
− s

2

4 = 1
2
e
− s

2

4
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Find the Fourier sine transform of f x( ) = e
−αx
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Wehave, fs! s( ) = 2

π
f (t) sin st

0

∞

∫ dt = 2
π

e−αt

t
sin st

0

∞

∫ dt
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Find the Fourier sine transform of f x( ) = e
−αx

x
Wehave, fs! s( ) = 2

π
f (t) sin st

0

∞

∫ dt = 2
π

e−αt

t
sin st

0

∞

∫ dt

Let F(s) = e−αt

t
sin st

0

∞

∫ dt then,
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Find the Fourier sine transform of f x( ) = e
−αx

x
Wehave, fs! s( ) = 2

π
f (t) sin st

0

∞

∫ dt = 2
π

e−αt

t
sin st

0

∞

∫ dt

Let F(s) = e−αt

t
sin st

0

∞

∫ dt then,

dF s( )
ds

= ∂
∂s

e−αt

t
sin st

⎛
⎝⎜

⎞
⎠⎟0

∞

∫ dt = e− st cos st
0

∞

∫ dt
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Find the Fourier sine transform of f x( ) = e
−αx

x
Wehave, fs! s( ) = 2

π
f (t) sin st

0

∞

∫ dt = 2
π

e−αt

t
sin st

0

∞

∫ dt

Let F(s) = e−αt

t
sin st

0

∞

∫ dt then,

dF s( )
ds

= ∂
∂s

e−αt

t
sin st

⎛
⎝⎜

⎞
⎠⎟0

∞

∫ dt = e− st cos st
0

∞

∫ dt = α
α 2 + s2
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Find the Fourier sine transform of f x( ) = e
−αx

x
Wehave, fs! s( ) = 2

π
f (t) sin st

0

∞

∫ dt = 2
π

e−αt

t
sin st

0

∞

∫ dt

Let F(s) = e−αt

t
sin st

0

∞

∫ dt then,

dF s( )
ds

= ∂
∂s

e−αt

t
sin st

⎛
⎝⎜

⎞
⎠⎟0

∞

∫ dt = e− st cos st
0

∞

∫ dt = α
α 2 + s2

∴F s( ) = α
α 2 + s2

ds
0

∞

∫ = tan−1 s
α

⎛
⎝⎜

⎞
⎠⎟ + k
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π
f (t) sin st

0

∞

∫ dt = 2
π

e−αt

t
sin st

0

∞

∫ dt

Let F(s) = e−αt

t
sin st

0

∞

∫ dt then,

dF s( )
ds

= ∂
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e−αt

t
sin st

⎛
⎝⎜

⎞
⎠⎟0

∞

∫ dt = e− st cos st
0

∞

∫ dt = α
α 2 + s2

∴F s( ) = α
α 2 + s2
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0

∞
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α

⎛
⎝⎜

⎞
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π
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α
⎛
⎝⎜

⎞
⎠⎟
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Properties of Fourier transformations
1. Linearity

F α f (t)+ βg(t)( ) =αF f (t)( )+ βF g(t)( )
2.Changeof scale

F f (αt)( ) = 1
α
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α
⎛
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⎞
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Properties of Fourier transformations
1. Linearity

F α f (t)+ βg(t)( ) =αF f (t)( )+ βF g(t)( )

3. Shifting

F f t − a( )( ) = eiasF f (t)( )
4.Modulation

F f t( )cosαt( ) = 12 F s + a( )+ F s − a( ){ }

2.Changeof scale

F f (αt)( ) = 1
α
F s

α
⎛
⎝⎜

⎞
⎠⎟ , α ≠ 0
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Properties of Fourier transformations
Establish that Fs t. f t( )( ) = − d

ds
Fc f (t)( )

Establish that Fc t. f t( )( ) = d
ds
Fs f (t)( )


