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1. Find the dimension of the subspace H

Ta-4b-2¢c ]
2a+5b-4
H = 2 ¢ :a,b,cmR}

2c-a
h_7b+6c-3a_

(A0

B)1

(C)2

(D)3

(E)4

2. Let W be the subspace spanned by the u:1 and na, and find the orthogonal
projection of y onto W, where

2 -2 1
u=15 S, = 1[,andy=|2]}.
-1 1] 3

1/3 1/4 1/7 -2/5 1/5
A2 [ B|S5S | Of2 | D]|2 E) |3
-1/4 -1/3 | 3/4 1/5 -1/4

3. The mapping is defined by T'(a, +a,t+a,t*y= 3a,+(5a,-2a, Jt+(da,+a, t*.
If the mapping is linear, find the matrix representation of T relative to the basis

B= L1t}

3 0 0 5 0 1 3 0 0
@[5 2 ol ®3 2 ol ©s 4 o
0 4 1 0 4 1 0 2 1

2 0 3 2 0 0
@){6 2 OJ (E)lﬁ 2 0}

0 3 1 0 3 3
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4. Let B= {bl,b2}={[2], [‘;’]} and C= {cl,cz}=“j5J, [;J} be bases for

IR?, and find the change-of-coordinates matrix from S to C.

2 2] 31 3 8 4 3 31
w7l ol ool o)

Find an invertible matrix P suchthat 4=PDP™, where D is a diagonal matrix and

1 33
A=|3 -5 3.

3 3 1

1 2 2 1 -1 -1] 1 2 2
Al -1 ol®I|11 0jl@©|1 3 0

0 3 1] 1 0 1 0 0 1

(1 2 4] 1 2 4]
M) {-1 -3 0| (E) |-1 4 ©

1 0 2] 00 2

Let (x) = x7 —8x,x, —5x] , where x represents a variable vector in R?. A change
of variable is defined as x =Py, where P is an invertible matrix, and y is a new

variable vector in R?. Find this matrix P such that Q(y)=3y?—7)? after making

the change of variable.

2B 215 2B 245 37T N7
(A)J'J'(B) J'_J'(C)«/'J'

[1A5 2143 15 3143 N7 37
D) PN RTA L) - 25 U5

13 243 145 245
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7. Find the dimension of the Null space of the following matrix

2 36 2 5
0 0 3 -1 1
0 0 0 1 3/
0 0 0 0 0

(A)0 |

B 1

(€)2

(D)3

(E) 4

8. Given a n X n matrix P, which of following statement are false? (multiple answer)

(A)If P is an invertible matrix, the number 0 is an eigenvalue of A.

(B) If P is an invertible matrix, the determinant of P is not zero.

(O If P is triangular, then the determinant of P is the product of the entries on the
diagonal of P.

(D)If P is an invertible matrix, the dimension of Null space of P is not zero.

(E) If P is not an invertible matrix, the columns of P form a linearly independent set.

9. which of following statement are true? (multiple answer)

(A) Given an m x n matrix A, the rank of A plus dimension of Null space of A is equal
to m.

(B) The rank of matrix A is the dimension of the row space of A.

(C) Let Aism xn and bis R™. Considering a least-squares problem Ax=b if the
columns of A are linearly independent, the solution of this problem ¥ is given by

(ATA)’A"b, where AT is the transpose of A.

(D) An eigenvector of an n x n matrix is a nonzero vector x such that Ax=Ax for some -

scalar A. -
(E) Given four n X n matrices A, B, C, and D, the tr(ABCD) is equal to the tr(CDAB),
where tr( ) means the trace of the matrix.
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10. The vectorization of a mairix is a linear transformation converting the matrix into a
: : a b L :
vector. For example, given a 2 x 2 matrix A = [ d] , the vectorization of A is
c

vec{A)=

a
c
5 . Also, If A is an m x n matrix and B is a p X q matrix, then the

d

Kronecker product A®B is another pm x qn matrix, and the ATis the transpose
of A. Now for matrices A, B, and C of dimensions kx1, Ixm, and mxn, which of the
following is equal to the vec(ABC)?

(A) (AT @B)vec(C)
(B) (A®B")vec(C)
(C) (C®AT)vec(B)
(D) (C* ® A)vec(B)

(E) (C* ®B)vec(A)
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11. Which of the following statements are NOT true?
(A) The function y = O consistently serves as a solution for a linear homogeneous ODE.
(B) A first-order ODE can be both exact and linear separable.
(C) The ODE y' = 8%+ ig not separable.
(D) For any ODE, the sum of any two solutions constitutes a valid solution as well.
d%y i .
(E) Y5 = 1 is a linear ODE.
12. Which of the following statements are NOT true?
. dy  y R D 3
(A) '?he generalrsolutlon to g; + - = 3m sy =+ + cz.
(B) The general solution to EZ = T isy=3v2zx+11+c
(O) The general solution to f—g + 2y =2z is y = 2 + 057,
i dy 3 c
274 f— -— i I —— —_—
(D) The general solution to 2md O 20y =3 is y 1o + 2
(E) The general solution to 39:% +y=24zis y = 6z + cz~1/5.
13. Let y, = Asin 2¢+ B cos 2t be the steady—sta.fe solution of the ODE y” +4y’+20y = 2 cos 2¢.
Which of the following equations are correct?
(A) 16A—-8B =0 (B)8A+16B =0 (C) A=0.01
(D) A=005 (E) B =002
14. For the differential equation 5’ + 7y = 106(¢ — 2) with the initial condition y(0) = 10, the
solution includes: '
(A)y=7e" 1% for t < 2
(B) y =10~ for t < 2
(C)y =20 fort> 2
(D) y = 7e1% 4 7e7100~2) for ¢ > 2
(E) y =10e™" + 10"~ for ¢ > 2
15. Let y = agp + a1t + agt? + ast® + agtt + --- be the Taylor polynomial approximation for
the initial value problem
Y + (sintly =0, y(0) = 1.
Please select the correct equations regarding a;, 4 = {0,1,---,4}):
(AYao+a1 +ag+az+ag=1 (B) ap—ay =1 (C) agag +a4 =0
(D)az=—-3as (E)az=2ay
16. Solve the initial value problem

! 3y 2 _
V- =% 90 =2
Please select the correct solutions:
A)y()=m2+2

(B) y(1) =8In2+ 8

(C)y(2) =27In3 + 54

(D) ¥(2) =27In3 + 72

(E) y(3) = 641n4 + 192
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17. Consider the following second-order differential equation
y" + 6y’ + 34y = 2%, y(0) = ¢/(0) = 0.

Which of the following terms are NOT included in the solution y(£)?
1 1 1
(A) _Ee_t (B) —-Ee‘& cos(4t)  (C) ——Ee““ cos(3t)
g IR
(D) 20° sin(4¢)  (E) 56¢ sin(3¢)

18. Consider the system z’ = —2z + 4zy, ¥’ = —2y + 222. Which of the following statements
are NOT true?
(A) The equilibrium solutions of this system include (0,0) and (+1 /V2,1/2).
(B) The system is asymptotically stable at (0, 0).
(C) The system is asymptotically stable at (+1/+/2,1/2).
(D) This system can have a non-constant, periodic orbit.
(E) x(t) converges to 0 if z(0) = 0.1 and y(0) = 0.1.

19. For the differential equation #°y"(z) + ay'(x) — 25y(x) = 0, please find the most general
solution y(z).
(A) y(z) = Ciz + Cox™2
(B) y{z) = C125 + Con™5
- (C) y(z) = C12%° + Coz™t
(D) y(z) = Ciz7° + Coz—20
(E) None of above.

20. Compute the convolution f(£) = 2¢* (sint—e*). Which of the following terms are included

in f(z)?
(A)4#  (B) —sint  (C)2cost (D)—¢ (E)2
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