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Solutions:

Green’s function:
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A solution to Poisson’s equation with a point source
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Poisson’s equation 

Green’s theorem
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General 2nd order linear nonhomogeneous differential equation
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Examples:

Quantum scattering:
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no scattering outgoing scattered
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The solution:

Neumann series:
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Inhomogeneous Helmholtz equation: Homogeneous:

Green’s function:
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Eigen-function expansion:

General inhomogeneous differential equation
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The solution to the differential equation:

Green’s function satisfies:

Eigen-function expansion:
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S-L equation:

Define:
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Construction of Green’s function:
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Green’s function for S-L equation:

solution?
Proof:
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Differential equation -> integral equation

Proof:
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Linear oscillator:

To construct Green’s function:
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Green’s function:

General transforms:

Most useful transforms:
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Fourier integral theorem:

Exponential form:

f(x) is (1) piecewise continuous, (2) differentiable, (3) absolutely integrable.
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Inverse transforms:
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1-D wave equation: Fourier transforms:

In k-space:



















dketkutxu

dxetxutku

ikx

ikx

),(ˆ
2

1
),(

),(
2

1
),(ˆ






























)(
)0,(

  ),()0,(

),(
2

2
2

2

2

xg
t

xu
xfxu

txH
x

u
c

t

u

The solution:

0),(ˆ),(ˆ
),(ˆ

2

1 22

2

2



















 dketkHtkukc
t

tku ikx


),(ˆ),(ˆ

),(ˆ 22

2

2

tkHtkukc
t

tku






 

 
 




 





 





1
0

1
1

1111

0
111

1
)(sin

),(
)sin(

)()cos()(
2

1

)(sin),(ˆ1
)sin()()cos()(),(ˆ  

dxedt
ck

ttck
txH

ck

ckt
xgcktxf

dtttcktkH
ck

cktkBcktkAtku

ikx
t

t



   































t
ikxikx

ikx

dtttcktxH
ck

cktxgcktxfdxedke

dketkutxu

0
1111111 )(sin),(

1
)sin()()cos()(

2

1

),(ˆ
2

1
),(

1







Wave equation
材料科学数学基础

2013/10/31 by Guohua Tao  
http://web.pkusz.edu.cn/taoguohua

12Mathematical Methods in Materials Science

First term:

The solution:
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Second term:

 

 






























ctx

ctx

ickticktxxik

xgdx
c

ctxxhctxxhxgdx
c

dkee
ck

e
i

xgdx

)(
2

1

)()()(
2

1

2

1

2

1
)(

11

1111

)(

11
1



Third term (source):
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(1) Point source:
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(2) Moving source:
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Definition:
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