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S
	  
eparation	  of	  Variables	  and	  Normal	  Modes	  

An
	  
other	  way	  to	  solve	  the	  wave	  equation	  (works	  for	  other	  equations	  too).	  
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).
u
	  
tions	  obtained	  in	  this	  way	  should	  be	  compatible	  

Exercise:
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t
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xx

	  A	  NxN	  matrix,	  solved	  by	  finding	  
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u	  =	  e

	  
^{\λ*t}	  v(x).	  Solve	  and	  find	  normal	  

	  
Genera
	  

l	  solution:	  Superposition	  ...	  leads	  to	  Fourier	  Series,	  etc.	  
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Va
	  
rious	  types	  of	  Fourier	  series.	  
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this	  works,	  for	  example,	  as	  long	  as	  the	  assocated	  eigenvalue	  problem	  is	  self-‐
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Wave	  equation.	  Show
nd
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ar
	  
y	  co
extend	  sol

itions
ut
	  f
ion	  "refl
o
hat
r	  a	  ti
:	  
ed
ect
	  str
ing"	  a
ing	  o

cross	  ends.
f	  length	  L	  le
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [E]	  
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Show	  space	  oper
negative.	  

ator	  in	  [E]	  is	  self-‐adjoint	  and	  negative	  ==>	  eigenvalues	  real	  and	  

C
f(x
al
).
c
	  
ulate	  eigenvalues	  and	  use	  to	  write	  solution	  in	  terms	  of	  the	  initial	  value	  T(x,	  0)	  =	  

Gra
sin(k
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)	  =	  0,	  

l	  sol
and	  
ut
k
ion	  of	  t
	  >	  0.	  

he	  equation	  for	  the	  eigenvalues:	  λ	  =	  -‐	  k2,	  where	  	  k*cos(k)	  +	  
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cription	  of	  s

	  
eparation	  of	  variables,	  and	  do	  example	  uxx	  +	  uyy	  =	  0	  for	  r	  <	  1	  

Use	  pol
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ar	  coordinat
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Poin 	  metho orks	  only	  fo

r
r
)_r	  +	  u
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.
	  
	  
some	  coordinate	  systems.	  	  

Students	  should	  r

	  
problem	  set	  #7.	  

ead	  the	  "short	  notes	  on	  separation	  of	  variables”	  included	  with	  

N
	  
ormal	  modes.	  Example	  of	  heat	  equation	  in	  0	  <	  x	  <	  π,	  with	  zero	  BC.	  

Linear	  algebra	  review:	  begin	  with	  self-‐adjoint	  and	  scalar	  products.	  
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