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1. (20%) Obtain the solution of the following ODE
(a) y" +y =sinz (10%)
(b) v — 4y = —7e** + x, y(0) = 1. y (0) = 3 (10%)
12 5 2 =l
2. (15%) Let A= |3 4| and P=A(ATA)'AT =112 2 2|, WhatisP%
5 6 -1 2 5

3. (15%)The inverse of a 2 by 2 matrix seems to have determinant = 1:

det(A™) = det(F _dc —a ]) = 2d=bc — ] What is wrong with this calculation? What is

the correct det(A™1)?
4. (15%)
(a) Find the Fourier Sine series of the function f(z) =1, 0 <z < 7 (8%)
(b) Using the results of (a), show that sin1+ 1sin3 + $sin5 + ... = gm. (7%)

5. (20%) Solve the heat problem u; = kuz; in 0 < = < L, with the boundary conditions
uz(0,t) = ug(L,t) = 0 and initial condition u(z,0) = f(z).What is u(z,t) in the bar after a
long time (theoretically, as t — 00)?

6. (15%) Let f(z,y) = In(z? + 3> + 1) + ¥
(2) Find the gradient of f at the point (0,—2) (5%)

(b) Find the directional derivative of f at the point (0,—2) in the direction of the vector
v=Ti—24j (5%)

(c) Find the minimum value of the directional derivative at the point (0, -2). (5%)
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