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Overview

� Fourier integral

� Fourier transforms:

¡ General Fourier transform

¡ Sine and cosine transforms

¡ Finite Fourier transform

¡ Fast Fourier transform

� Fourier analysis of PDE solutions
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� Often used for steady-state problems

� Recall f(t+T )= f(t)
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� The Fourier coefficients Ak; Bk are obtained as scalar products
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� By analogy define a Fourier transform

F (�)=Fff(x)g=
Z
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f(x)ei�xdx; f(x)=F¡1(F (�))=
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F (�)e¡i�xd�
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� F (�)=Fff(x)g=
R
¡1
1
f(x)ei�xdx; f(x)=F¡1(F (�))=

R
¡1
1
F (�)e¡i�xd�

� Evaluate Fff 0(x)g

Fff 0(x)g=
Z
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f 0(x) ei�xdx= [f(x) ei�x]x!¡1

x!1 ¡ i�
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f(x) ei�xdx

� Impose condition of f to allow Fourier transform

L2:

Z
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1
f2(x) dx is finite) [f(x) ei�x]x!¡1

x!1 =0

� Fff 0(x)g=¡i�F (�), Fff 00(x)g=¡�2F (�), Fff 000(x)g= i�3F (�)
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� Cosine transform, inverse cosine transform

Fc(�)=Fcff g=
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f(x) cos�xdx;

f(x)=Fc¡1fFcg=
2
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� Sine transform, inverse sine transform

Fs(�)=Fcff g=
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f(x) sin�xdx;

f(x)=Fs¡1fFsg=
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� Fc(�)=Fcff(x)g=
R
0

1
f(x) cos�xdx

� Evaluate Fcff 0(x)g

Fcff 0(x)g=
Z
0

1
f 0(x) cos�xdx=[f(x) sin�x]x=0x!1+�
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f(x) sin�xdx

Fcff 0(x)g=�Fsff(x)g

� Evaluate Fcff 0(x)g

Fcff 00(x)g=
Z
0

1
f 00(x)cos�xdx=[f 0(x)sin�x]x=0x!1+�
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f 0(x)sin�xdx

Fcff 00(x)g=[f 0(x)cos�x]x=0x!1¡�2
Z
0

1
f(x)cos�xdx=¡f 0(0)¡�2Fc(�)



Sine transform of derivatives 6/8

� Fs(�)=Fsff(x)g=
R
0

1
f(x) sin�xdx

� Evaluate Fsff 0(x)g=
R
0

1
f 0(x) sin�xdx=

R
0

1 sin�xdf(x)

Fsff 0(x)g= [sin�xf(x)]x=0x!1¡�
Z
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1
f(x)cos�xdx=¡�Fcff(x)g

� Evaluate Fsff 00(x)g

Fsff 00g=¡�Fcff 0(x)g

Fsff 00g=�f(0)¡�2Fsff g
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� Heat equation
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� Inverse Fourier transform

u(x; t)=F¡1fU(�; t)g= 1
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