
Homework Assignment #5 

 

Problem 1) 50 points 
 
The propagation of acoustic pressure ݌ in a pipe of length ܮ is governed by 1-D wave equation: 
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where ܿ is the speed of sound and constant. Consider a closed left end and an open right end, i.e. ݌ሺݔ ൌ 0, ሻݐ ൌ
0 and డ௣

డ௫
ሺݔ ൌ ,ܮ ሻݐ ൌ 0, respectively,  

 
i) find the eigenvalues and the corresponding eigenfunctions 
ii) find the normal modes 
iii) write the frequencies of the normal modes  
iv) using Matlab, plot the first, second, and third normal modes for various values of ݐ 
 
 
Problem 2) 50 points 
 
Consider a case in problem 1 where initially ݌ ൌ ݂ሺݔሻ and డ௣

డ௧
 is zero. Write the series solution for the 

propagation of acoustic pressure. Write the solution in the form of  
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ሾsinሺܽ ൅ ܾሻ ൅ sin ሺܽ െ ܾሻሿ). Show that ܨሺݔሻ is 

the odd periodic extension of ݂ሺݔሻ with period of 2ܮ. Find the solution corresponding to 

݂ሺݔሻ ൌ ቐ
ଶ௞
௅

0                 ,ݔ ൏ ݔ  ൏  ௅
ଶ

݇,                     ௅
ଶ

൏ ݔ  ൏ ܮ
. Sketch ଵ

ଶ
ݔሺܨ െ ,ሻݐܿ ଵ

ଶ
ݔሺܨ ൅ ሻ, and ଵݐܿ

ଶ
ሾܨሺݔ െ ሻݐܿ ൅ ݔሺܨ ൅  ሻሿ forݐܿ

ݐ ൌ 0, ௅
ହ௖

, ଶ௅
ହ௖

, ௅
ଶ௖

, ଷ௅
ହ௖

, ସ௅
ହ௖

, ௅
௖
 . 


