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1. (10%-- 4%, 6%) The model of a vibrating elastic string (a violin string, for instance) 

consists of the one-dimensional wave equation as 

where u(x,t) is lateral vibration displacement, tis time, xis the coordinate along the string, 

and c=T/p (T and p denote the tension of the string, and the mass of the undeflected string 

per unit length, respectively). It's known the string is fastened at the ends x=O and x=L; 

further, the form of the motion of the string will depend on its initial deflection, f(x), and 

on its initial velocity, g(t). 

(i) Write down its boundary conditions and initial conditions. 

(ii) Solve the wave equation by separating variables so as to write two ordinary differential 

equations. [You do not have to solve this wave equation thoroughly.] 

2. (10%-- 5%, 5%) Solve the following linear system of three equations in four unknowns 

through using Gauss elimination. 

3.0.x; + 2.0x2 + 2.0x3 -5.0x4 = 8.0 

0.6x1 + 1.5x2 + 1.5x3 -5.4x4 = 2.7 

1.2.x; -0.3x2 -0.3x3 + 2.4x4 = 2.1 
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Please iudge how many solutions this equation system has and state the reasons. 

3. (10%-- 4%, 6%) For a matrixA=[-S 2 ], the so-called eigenvalue and eigenvector 
2 -2 

-
problem is to solve A,! = A,! , where '}., and X are the eigenvalue and its 

corresponding eigenvector. 

-
(i) State the physical meaning of Ax - AX 

(ii) Determine the eigenvalues and eigenvectors. 

4. (8°/c,-- 4%, 4%) Find (i) cur v for v = [O,o,e-x siny], and (ii) div(grad(fg)) forf=x+y-z 

andg=xyz. 

5. (12%-- 5%, 7°/c,) Show that the integral _J Fllir =J (2xdx+2ydy+4zdz) is path 
C C 

independent in any domain in space and find its value in the integration from the path of 



straight line C with two end points A: (0, 0, 0) and B: (2, 2, 2). Please (i) first state why the 

integration is path independent and get the integration result, then (ii) get the integration 

through parametric representation of C. 

. 
6. A 12-volt battery is connected to a series circuit in which the inductance is ·o.5 henry and 

the resistance is 10 ohms. Determine the current i(t) if the initial current is zero. (10 7.t) 

7. When a cake is removed from an oven, its temperature is measured·at 300° F. Three 

minutes later its temperature is 200° F. How long will it take for the cake to cool off to a 

room temperature of 70° F? (157.}-) 

8. Solve y" -6y' +9y = t 2e3' ;y(0) = 2,y'(0) = 17 ° Hint: use Laplace transform (10 7.t) 

9. For a general Legendre equation (l-x 2 )y" -2xy'+ n(n+ l)y = 0 Please derive the 

recursion relation. (7 7.t) and use power series method to solve it as n=l. (8 7.t) 


