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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF  Olin 103

Plan for Lecture 31:

Wave equation for sound

1. Standing waves

2. Green’s function for wave 
equation; wave scattering
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Linearization of the fluid dynamics relations:
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Time harmonic standing waves in a pipe

L

a
022

2

2



 c
t

 0     :surface freeAt 

              0ˆ   :surface fixedAt 
:aluesBoundary v







t
Φ

n



11/09/2012 PHY 711  Fall 2012 -- Lecture 31 7

0),,,(11

11
)()()(),,,(

:scoordinate lcylindricaIn 

2
2

2

2

2

2

2

2

2

2

2
2









































 

tzrk
zrr

r
rr

zrr
r

rr

ezZFrRtzr ti






 

c
k

tc






     :Define        01
2

2

2
2



11/09/2012 PHY 711  Fall 2012 -- Lecture 31 8

0),,,(11 2
2

2

2

2

2 





















 tzrk

zrr
r

rr




tiezZFrRtzr   )()()(),,,(

integer)2()(  ;)(  mNFFeF im  

nsrestrictioother  plus real  ;)(  ziezZ

0)(1 22
2

2

2

2









 rRk

r
m

dr
d

rdr
d 



11/09/2012 PHY 711  Fall 2012 -- Lecture 31 9

a
x'

dx
)(x'dJrJrR

dr
dR

rR
r
m

dr
d

rdr
d

kk

mn
mn

mnm
m

ar

























  ,0for        where)()(

0  :conditionsboundary  surfaceCylinder 

0)(1

   define     For     

2
2

2

2

2

22222

0)(1 22
2

2

2

2









 rRk

r
m

dr
d

rdr
d 



11/09/2012 PHY 711  Fall 2012 -- Lecture 31 10

 )(    :functions Bessel xJm

m=0

m=1
m=2



11/09/2012 PHY 711  Fall 2012 -- Lecture 31 11
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Zeros of derivatives:  m=0:  0.00000, 3.83171, 7.01559
m=1:  1.84118, 5.33144, 8.53632
m=2:  3.05424, 6.70613, 9.96947
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Boundary condition for z=0, z=L:
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Example
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Alternate boundary condition for z=0, z=L:
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Wave equation with source:



11/09/2012 PHY 711  Fall 2012 -- Lecture 31 17

'4

'
'

)','(

: thatshowcan  We

rr

rr

rr



















 






c

tt
ttG



Wave equation with source -- continued:


