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Homework Solutions #3 
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3a) PDE: 2

t xxu uα= , { 0 x< < ∞ , 0 t< < ∞ } 
    BC: (0, ) ( )u t tδ=  
    IC: ( ,0) 0u x =  
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    Step1: 對 PDE 做 Laplace transform 
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3b) <MATLAB code>   

x=linspace(0,15,1001); 
t=[1 2 4]; 
afa=1; 
uxt=zeros(length(t), length(x)); 
for tt=1:length(t) 

    uxt(tt,:)=x./(2.*afa.*sqrt(pi)).*( exp(-(x.^2)./(4.*(afa.^2).*t(tt)))./(t(tt).^1.5) ); 
end 
figure; plot(x, uxt(1,:), 'r', x, uxt(2,:), 'g', x, uxt(3,:), 'b'); 
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4) PDE: 2

tt xxu c u=  {0 , 0 } x t< < ∞ < < ∞  
    BC: (0, ) ( )u t tδ=  
    ICs: ( ,0) 0,u x =  ( ,0) 0tu x =  

    Step1: 對 PDE 做 Laplace transform : 
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5a) Let )()()(),,( tTyYxXtyxu = , and substitute into PDE 
 We obtain 
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5b) According to the figure 
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5c) According to (5b), We obtain the fundamental mode ( m=1 & n=0 ) is: 
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5d) According to (5c) 
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 另一邊長度為 a，另一邊長度為 A/a，對其微分取極值 => 
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可知 A=a2有極值，再任意代入其他值可發現此極值為最小值，即可證明當二

邊長度相等時有最低頻率。 
 
 
 
7a) 由講義6.6式可得此PDE解為 

u (r,θ,t) =[Amn cos(ωmnt)+ Bmn sin(ωmnt)]Jm(λmnr)cos(mθ) 
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其中
ρ
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λ mn
mn = ，求 nodal circles 則需使用以下方程式 
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我們可畫出J2的圖如下： 

 

由上圖可看出滿足 22'2 αα <n 只有 ρρα 6103.0
4155.8
136.5136.521 =
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即為所求(dashed lines should end on the green circle)。 

 

7b) 由講義 6.7 式可得 
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 下圖為 J0，J1的圖形(藍線為 J0，綠線為 J1)： 
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 由圖可知 α01= 2.405，α02=5.52，α11=3.83，α12=7.015 
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