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Homework Solution #1 
 
1. 

令方程式為 02
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u=c1u1+c2u2代入方程式：
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2a 

1) 無 horizontal motion ⇒ T2cosβ = T1cosα =T 
2) 由於為 nonuniform 介質(在 x 和 x+△x 兩點間之 mass density 不同)，因

此必須修改成(vertical force) / ρ = (△x)⋅acceleration ⇒ 
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2b 

1) 無 horizontal motion ⇒ T2cosβ = T1cosα =T 
 
2) 考慮 gravitational force (F=mg) ⇒

g×∆x) (ρu×∆x) (ρ= sinT-sinβT tt12 −α  
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3a) 
Initial displacement )2sin(01.0)( xx πφ =  
Initial velocity 0)( =xγ  
BCs: ( ) 0,0 =tu , ( ) 0, =tLu  

ICs: ( ) )(0, xxu φ= , ( ) 0)(0, == xxut γ  

L=0.5m 
 
Separation of variables 

Let ( ) ( ) ( )tTxXtxu =, , substitute it into PDE




=−

=−
⇒==⇒

0"
0"""

22 aTcT
aXX

a
X
X

Tc
T .  

Let 02 <−= ka ( ) ( )xkBxkAXXkX nnn sincos0" 2 +=⇒=+⇒ , 

..2.1, == n
L

nkn
π  

By BCs: ( ) ( ) ( ) ( ) ( ) ( ) 0,,00,0 ==== tTLXtLutTXtu 0=⇒ A , ( )xkBX nn sin=  

( ) ( )tDtCTTT nnn ωωω sincos0" 2 +=⇒=+ , 
L

cn
n

πω =  
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3b) 
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3c) 

In (3b), Hz1412 1 ==′ νν . 

So in (3a), ( ) ( ) ( )ctxtxu ππ 22cos22sin01.0, =  

 

3d) 2
tt xxu c u= , 

5 2
2 4 2 2100Nt 10 g-m / 10 m /s

10g/m 10g/m
T sc
ρ

= = = =  

Two BCs: (0, ) 0,  ( , ) 0u t u L t= =  

Two ICs: ( ,0) ( ),  ( ,0) 0tu x x u xφ= = , 2( ) 0.08 0.16x x xφ = −  

由公式(2-3)令 
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    再由公式(2-4)可得 
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    把 nA , nB 代入公式(2-3)即可求出 
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Matlab Code: 
 
clear all; 
clc; 
t=linspace(1e-2,1.5e-2,6);        % 要看其它時刻，請自行改參數 
n=1:100;       % 請自行選擇要疊合多少個頻率 
L=0.5;      % 繩子長度 
x=linspace(0,L,101); 
phi= 0.16.*x.*(0.5-x);      %IC 給的條件，用來驗證  
uxt=zeros(length(t), length(x)); 
for beta= 1:length(t); 
    for afa= 1:length(x); 
        uxt(beta,afa)= (0.32/pi^3).* 
sum(   ( cos(200.*(2.*n-1).*pi.*t(beta))./((2.*n-1).^3) ).*( sin(2.*(2.*n-1).*p
i.*x(afa)) )   ); 
    end 
end 
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% figure; plot(x, phi, x, uxt, 'o'); xlabel('length(m)'); title('u(x,t) at 
t=0');legend(['phi(x)'],['u(x,0)']); 
 
for beta= 1:length(t); 
    plot(x, uxt(beta,:)); 
    hold on;     
end 
xlabel('length(m)'); title('u(x,t)'); 
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3e) 有無限多個共振頻率，  
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4) 
Question: 
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Let )()(),( tTtXtxu = , substitute it into xxtt ucu 2=  
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5) 
From D’Alembert method, we know the general solution is 
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