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請回答下列各題(配分如各題所示，共 100分) 
 
1. A force F

ρ
 is given by the formula zxxzrrF ˆˆˆ2 −+=

ρ
, where x, y, z are Cartesian coordinates (in 

the usual right-handed system in which zyx ˆˆˆ =× ), with zyx ˆ ,ˆ ,ˆ  unit vectors in the x, y, and z 
directions; rρ  is the vector from the origin to the point (x, y, z), r is its magnitude, and r̂  is a unit 
vector in the direction of rρ. 
(a) (5%) Write the vector F

ρ
 in terms of zyx ˆ ,ˆ ,ˆ  unit vectors. 

(b) (5%) Calculate F
ρρ

×∇ . 
(c) (10%) Calculate the line integral ∫ ⋅ sdF ρρ

, where the path is a unit circle in the xz plane, 
centered at )5.1 ,0 ,5.0() , ,( =zyx , with the path direction such that, starting at 

)5.1 ,0 ,5.1() , ,( =zyx , the path passes, in order, )5.2,0,5.0( , )5.1 ,0,5.0(− , )5.0,0 ,5.0( , 
ending upon returning to )5.1 ,0 ,5.1( . 

 
 

2. A uniform bar of length L is clamped at 0=x  and Lx =  such that it lies in a horizontal plane. 
Provided that the deviations from equilibrium are small, the vertical vibration ) ,( txu  satisfies the 
fourth-order equation  
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(a) (10%) Looking for a separable solution of the form )()(),( tTxXtxu ×= , find the ordinary 
differential equations satisfied by )(xX  and )(tT . 

(b) (10%) Find the most general solution ),( txu  which satisfies the boundary conditions: 
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3. (10%) Consider the periodic function (with period π2 ) defined as 
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   If the Fourier series of such a function can be expressed as  

                ∑
∞

=

++=
1

)2cos(sin)(
n

n nxCBxAxf
π

, 

what are the constants A , B  and 
nC ? 
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4. (8%) Let the components of the inertia tensor in a Cartesian system be represented by 
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Identify an angular velocity vector, by specifying its components, that will result in an angular 
momentum which is parallel to this angular velocity. 

 
5. Evaluate the following integrals： 

 
(a) (14%) 

∫ +−
π
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(b) (14%) 
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6. (14%) A radioactive isotope I1 decays into another isotope I2. I2 decays, in turn, into I3 ,and I3 decays 

into the stable isotope I4 . Let Nj(t) be the amount of the isotope Ij at time t,and let c1, c2 ,and c3 be 
the decay rates. Then , 

 
 

   111 NcN ' −=  ,   2211
'
2 NcNcN −=  , 

 
3322

'
3 NcNcN −=  ,   334 NcN ' = . 

    
We assume that c1≠c2 ≠c3 . Suppose one starts at t＝0 with an amount A of the pure isotope I1 . 
How much I4 is there at time t？ 

 
 
 
 
 
 
 


