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1. Consider the autonomous differential equation y" = (2/m)y — siny. Which of the following is
INCORRECT?
(A) There are three critical points.
(B) One of critical point is semi-stable.
(C) Two of critical points are unstable.
(D) One of the critical points is 0.

2. Ify = e3**cosx is the solution to %}32! - 6% + ky = 0, what is the value of k?
(A)3 (B)-2 (©) 10 (D) 8

3. The differential equation e"Z—z + 3y = x?y is linear and separable.
(A) True (B) False

4. The improved Euler’s method is what type of Runge-Kutta method?
(A) First order (B) Second order (C) Third order (D) Fourth order

5. Consider y(x) is the solution to the initial-value problem x2y"” — 2xy"' + 2y = 0 where x > 0,
y(1) = 4, and y'(1) = 9, use Euler’s method to compute y(1.2). Given h = 0.1, which of the
following is correct?

(A) The general solution is y = C;x — C,x2, where C; + C, = 6.
(B) The general solution is y = C;x + C,x2, where C; + C, = 6.
(C) y(1.2) =5.9.

D) y(1.2) = 6.

6.  Given the three vectors (1, 0, 3, 1), (0, 1, -6, -1) and (0, 2, 1, 0) in R*, they are linearly dependent.
(A) True (B) False

7. Provided the system below, the rank is
Xy — X3 +2X,+ X5 + 6Xg = —3
Xo+2X3+3X,+2Xs+4X, =1
Xy —4X, +3X3+ X, +2X, =0
(A)1 (B) 2 (©)3 (D)4

8. Which one of the following is correct regarding Fourier series?
(A) e ¥l is odd function.
(B) /" must be continuous on the interval [a, b] to ensure that the Fourier series of f on
[a, b] converges to f.
(C) f(x) = |x| is continuous on [—, 7].
(D) The Fourier series of f(x) = x? + 1, where 0 < x < 3, convergesto 0 at x = 0.
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Expand f(x) = 2x> —1,—1 < x < 1 in a Fourier series and yield f(x) = A + X C. Which of

the following is correct?
(A)A=-2/3 (B) B =4 (C)C = (—1D)"cosnmx (D) None of the above

If v, (x) = x is one of the solutions of the following differential equation, what is the other linear

independent solution y,(x)?
2%

y”_lszyr+1+x2y
Wy =222+1 B)r®="2 Orn®=:-1 Ok =x*-1

=0

Use the Laplace transform to solve the following initial-value problem. If the solution is y = A +
Be~t 4 Ce3t + De*t, which of the following is true?

y" —4y' =6e* —3e7t, y(0) =1, y'(0)=-1
(AA+B+C+D=1.
(B} B'=~2
(C)A+B+D=2
(D) All of the above

The Laplace transform of a function £ is denoted by L{f}. If L{f(t)} = F(s) and L{g(t)} = G(s),

then L™HF(s)G(s)} = f () g(0).
(A) True (B) False

. 3, if0<t<?2
If L{f (t)} represents the Laplace transform of a function f(t). Let f(t) = {5 —& IfES 2 .

then L{F(£)} is
wW2+5 ®)2+

s2
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Provided the differential equation % -+ = (0, which of the following is true?

(A) first order, linear, non-homogeneous
(B) second order, nonlinear

(C) second order, linear, non-homogeneous
(D) second order, linear, homogeneous

The Fourier transform of a function f is denoted by S{f}. Suppose I{f (1)} = F(w),I{g(t)} =
g(w), which of the following is INCORRECT?

A) [° f(Dg(t—1)dr = I™HF(0)G(w)}
®) [7 f(t—1Dg(r) dr = IHF ()G (w)}

©) St =D} = Fw)e ™"
(D) None of the above
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16. Let A and B be matrices in R™*™. Which of the following statements are true?
(A) det(—A) = —det(A).
(B) If AA” = I, then det(A) = 1.
(C) If AAT =1, then trace(A) = n.
(D) If two rows of A are equal, then det(A) = 0.
(E) If det(A) = det(B), then A and B have the same rank.

17. Let A € R®*® and its eigenvalues are A;, A;, and A,, where A; and 2, are distinct eigenvalues.
Suppose the dimension of N(A — A;I) is 1, where N(A) denotes the null space of A. Which of the
following statements are true?

(A) A; must be areal number (not a complex number).

(B) A; must be a real number (not a complex number).

(C) The dimension of N(A — A,I) equals 1.

(D) A is diagonalizable.

(E) A has two linearly independent eigenvectors corresponding to A4.

18. Let A € R™™. Consider the linear equation Ax = b or the homogeneous linear equation Ax = 0.
Which of the following statements are true?
(A)If rank(A) = m, then Ax = b has at least one solution for any b € R™,.
(B) If rank(A) = m, then Ax = 0 has only the trivial solution x = 0.
(C)If rank(A) = n, then Ax = b has at most one solution for any b € R™.
(D)If rank(A) = n and m > n, then Ax = 0 has infinitely many solutions.
(E) If rank(A) = m and n > m, then Ax = 0 has infinitely many solutions.

19. Let A and B be square matrices. Suppose that A is similar to B, that is, B = P~*AP for some
nonsingular matrix P. Which of the following statements are true?
(A)If x is an eigenvector of B, then X is also an eigenvector of A.
(B)If'y is in the column space of B, then y is also in the column space of A.
(C)trace(A) = trace(B).
(D)A —Tissimilarto B—1.
(E) AS is similar to B®.

20. Let A € R™", R(A) denotes the column space of A, N(A) denotes the null space of A,
and dim(S§) denotes the dimension of a subspace S. Which of the following statements are true?
(A)Ify € R(A), then y € R(AAT).
(B)If x € N(A), then x € N(AAT).
(C)rank(A) + dim(N(A)) = rank(AT) + dim(N(AT)).
(D)1t is possible for a matrix A to have [2,1,—1]" in N(A) and [1,—2,3]" in R(AT).
(E)Lety € R™. If y = u; + v; = u, + v, where u;,u; € R(A) and v;,v, € N(AT), then u; = u,
and v; = V.
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21. Let
4 1 3 2
A=11 4 3 3‘.

-1 11 6 7

Which of the following vectors are in the column space of A?

(A [B.A1.21"

(B) [1,0,—1]7

(©) [0,1,3]"

(D) [2,1,1]7

(E) [4,2,—1]T
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