Partial Differential Equations

(PDE’s)
Functions of few variables and partial differentiation.

Change of variables in partial derivatives.

Linear partial differential equations.

Methods to solve the wave equation: 

d’Alembert’s method and initial conditions for PDE’s. 

Method of separation of variables and boundary conditions for PDE’s. 

Standing wave solutions of the wave equation 

and vibrational resonance in a rod.

Literature: 

All you wanted to know about Mathematics, 

but were afraid to ask,  L.Lyons  - V.2; Chapt. 14 

Other reading:
Mathematical Methods for Science Students, G.Stephenson – Chs.19,24
Mathematical Methods in Physical Sciences, M.L.Boas 
Wave equation
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wave equation:
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The form of a function of two variables,


will be the subject of investagation.
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Useful move: we re-scale the variable  t into               :
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Change of variables in partial differentiation
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For functions depending on pairs of two independent variables:
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Important 
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linear change of variables
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compact way 






    for stating the same
_______________________________________________________________

[image: image35.wmf])

,

(

t

l

x


[image: image36.wmf]l


[image: image37.png]



[image: image38.wmf]dv

df

y

v

=

¶


[image: image39.wmf]0

=

¶

¶

=

¶

¶

dv

df

u

y

v

u


From the


Any function of the type 

[image: image40.wmf]du

dg

y

u

=

¶

previous 


y(u,v)=g(u)+f(v) 

lecture:


satisfies the relation

[image: image41.wmf])

,

(

t

l

x

[image: image42.wmf]0

=

¶

¶

=

¶

¶

du

dg

v

y

u

v


[image: image43.wmf]0

1

2

2

2

2

2

=

¶

¶

-

¶

¶

t

x

s

l

x

[image: image44.wmf]sk

±

=

W








      as well as

_______________________________________________
d’Alembert’s method 
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General solution of wave equations
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A snapshot at


         the moment t
_______________________________________________

One particular solution should satisfy 

some  initial conditions
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How to use these initial conditions:

[image: image66.wmf]s

[image: image67.wmf]s


[image: image68.wmf])

cos(

])

[

cos(

)

,

(

skt

kl

A

st

l

k

A

t

l

x

-

=

-

=

Þ

[image: image69.wmf]l


[image: image70.wmf]¬


1st order ODE to find function g
Examples of few particular solutions:

[image: image71.wmf]®

Harmonic wave running to the right
 



 'wave number'  k
[image: image72.png]


[image: image73.wmf])

(

)

(

)

,

(

st

l

f

st

l

g

t

l

x

-

+

+

=










      frequency

[image: image74.wmf])

(

)

(

)

,

(

st

l

f

st

l

g

t

l

x

-

+

+

=

Harmonic wave running to the left




_______________________________________________________________

Relation to the Fourier representation 

Since this equation is linear, it is tempting to use a method similar to the method of an auxiliary equation in ODE's.
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