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lEgEndrE diffErEntial Equation 

[Higher order] 

)(])(...)()([

)()(...)()(

1
11

10

11

1
1

10

xhybDbaxbDbaxbDbaxb

xhyb
dx
dybaxb

dx
ydbaxb

dx
ydbaxb

nn
nnnn

nnn

n
n

n

n
n

=++++++−

=+++++++

−
−−

−−

−
−

 



  3 

)]1()...[1()(
;);3)(2)(1()();2)(1()(

)1()()1(
)(

)1(

][][][

)(

,,,D  
)ln(

)(

344333

222
2

2
22

2
2

2
2

2
2

2
2

−−−=+

⋅⋅⋅⋅⋅⋅⋅⋅⋅−−−=+−−=+










−=+∴−
+

=−=

−====



 =+∴

+
=====

=⋅⋅⋅==






=
+

=

+=
⇒=+

−

−−−−−

−−

−

nDDDaDbax
DDDDaDbaxDDDaDbax

yDDayDbaxyDD
bax

ayDDea

yDaeyDaeaeyDae
dz
d

dx
dzyDae

dx
d

dx
ydyD

yaDDybaxyD
bax

ayDae
dz
dyae

dz
dy

dx
dz

dx
dyDy

dz
dD

dz
dD

dz
dD

ae
bax

a
dx
dz

baxz
ebax

zzz
nnn

zzzzzzz

zzzzzz
z

z
z

z
zz

z
z

z
z

zzz
zz

n

n

zzzz
z

Similarly,

:operatoraldifferentiofefintionand  





 

Example 14336)23(3)23( 22 ++=−′++′′+ xxyyxyx  

]1)23ln()23[(
108

1)23()23()()1(
108

1)(

)1(
108

1)
4
1

4
(

27
1]1

4
1

)2)(2(
1[

27
1)1(

4
1

27
1

)1(
27
1)4()1(

3
1)2(9]369)1(9[

3
1)23(

3
1143)

3
443(3)4129()23(

)23ln(23

222
2

2
1

22
2

2
1

2
2

2
22

2

2
2

2
1

2222

22222

+++++++=∴++−=∴









+=+=
−

−
+−

=−
−

=

−=
⇒

−=−⇒−=−=−+−

−+=++∴++=++=+

+=⇒=+

−−

−

xxxcxcxyzeececzy

zeze
D

e
DD

e
D

y

ececy

eyDeyDyDDD

xxxxxxxx

xzex

zzz

z
z

z

z

zz

z

z
p

zz
h

z
z

z
zzzz

z

G.S.

Let



 

 



  4 

[Theorem 1] For a given function )(tf  that is defined for all 0≥t , the Laplace transform )]([£ tf , provided the integral converges, 
is defined by multiplying )(tf  with ste−  and integrating with respect to t  from zero to infinity, i.e. 
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The integration variable is t  as the variable of original function, and hence the integral defines a function of the new variable s  as the 
variable of its Laplace Transform. 
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[Theorem 3] Laplace Transform of Derivative 
The Laplace Transforms of differentiation of )(tf  is replaced by multiplication of )]([£ tf  by s  such as 
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furthEr ProPErtiEs of laPlaCE transform 

[Theorem A] First Shifting theorem (Shifting in the S-Variable) 第一移位定理 
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[Theorem B] Differentiation of Laplace Transform  
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[Theorem C] Integration of Laplace Transform  
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[Theorem D] Second Shifting theorem (in the t-Variable) 第二移位定理 
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[Theorem E] Reduction by Partial Fraction 
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Convolution thEorEm 

It is sometime useful to have a formula for the inverse Laplace transform of a product )()( sGsF  in terms of the inverse transforms of 

)(sF  and )(sG . 
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