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(5%) Which of the following statement is False?

(A) If Ais a3 X 4 matrix, then AX = 0 has infinitely many solutions.

(B) Ifasystem of equations has fewer equations than unknowns, then it has infinitely many
solutions.

(C) If Ain ann X m matrix and Ax = 0, then x could be an nonzero vector.

(D) If a square matrix has two equal rows, then it is not invertible.

(E) If a square matrix has two equal columns, then it is not invertible.

(5%) Which of the following statement is False?

(A) There exists a 2 X 2 matrix A such that A?> = Ibut A* # L.
(B) There exists a 2 X 2 matrix A such that A3> = Ibut A # L.
(C) There exists a 2 X 2 matrix A such that A* = Ibut A # L.
(D) There exists a 2 X 2 matrix A such that rank(A) = 0.

(E) There exists a 2 X 2 matrix A such that rank(A) = 2.

(5%) Which of the following statement is False?

(A) Let A and B be n X n matrices. If v is in ker(B), then v is in ker(AB).

(B) Ifvand w are in im(A), then 2v — 7w is in im(A) too.

(C) If x = v and x = w are two solutions to Ax = b, then X = v + w is a solution too.
(D) If Av = Aw, then v — w is in ker(A).

(E) Let A be an n X m matrix. Then im(A) is in a subspace of R™.

(5%) Which of the following statement is False?

(A) Let A be an n X n matrix. If A™1 = AT, then the columns of A form an orthonormal basis of
R™. '

(B) If Ais an orthogonal n X n matrix, then the least-squares solution to Ax = b is unique and the
solution is ATb.

(C) Let A beann X m matrix. If the least-squares solution to Ax = b is unique, then ker(A) = {0}.

(D) Let A and B be n X n matrices. If A is similar to B, then B is similar to A.
(E) Let A and B be n X n matrices. If A is similar to B, then A = B.

(5%) Which of the following statement is False?

(A) Let A beann X n matrix. If rank(A) # n, then 0 is an eigenvalue of A.
(B) If a matrix has no eigenvalues, then it has no eigenvectors.

(C) Let A be an n X n matrix. Then det(AT) = det(A).

(D) Let A be an n X n matrix. Then det(—A) = —det(A) .
(E) LetBbean (n—1) X (n— 1) matrix and A be the n X n matrix [(1) g] (where the

0 entries represent zero matrices of the appropriate size). Then det(A) = det(B).
(5%) Let A be a 3%3 matrix and let
1 2
V= [ 2 |andw = [——1].

-1 3

8 |is
-9

Suppose that Av = —v and Aw = 2w. The vector A®

(A) [-131 58 -—189]".
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(B) [58 —-131 -189]T.
(©) [-131 189 58]
(D) [131 58 -189]T.
(E) [o 0o o]T.

7. (5%) Let A and B be n X n matrices with real entries. Assume that A and B are not invertible, but
A + B is invertible. Then A(A + B)™1B =

A) 0.

B) L

(C) (A+B)'AB.

(D) AB(A+B)™L.

(E) B(A+B) A

8. (5%) Let ] be the n X n matrix of all 1’s, and consider A = (a — b)I + b]. Then the eigenvalues of
A are
(A) a+b,anda+ (n—1)b.
(B) a—nb, and a + nb.
(C) a—b,anda+ (n—1)b.
(D) a—2b,and a + nb.
(E) a+b,anda— (n—1)b.

be 3 X 3 matrix. Then lim A™

n—-oo
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10. (5%) The determinant of
3a¢ =7 8 9 -6

0o 2 =57 7
A=]0 0 1 5 0
0 0 2 4 -1
o lo o 0 2 o
is
(A) 0.
(B) 14a.
(C) —14a.
(D)12a.
(E) —12a.
11. (5§%) Consider the following matrix
1 0 -1 2
A=10 1 -1 1]
1 -1 0 1

Which of the following statement is False?

(A) The row space of A has a dimension of 2.
(B) The column space of A has a dimension of 2.
(C) The null space of A has a dimension of 2.
(D) There are exact one solution of Ax = 0

(E) There are two nonzero eigenvalues of ATA.

12. (5%) Suppose A is a 5 X 3 matrix and Ax is never zero except when X is a zero vector.
Which of the following statement is False?
(A) A has full rank
(B) The column of A has a dimension of 3.
(C) The row space of A has a dimension of 5.
(D) ATAx is also never zero except when X is a zero vector.
(E) ATA is non-singular.

13. (5%) Suppose A is a M X M matrix with rank r and A% = A
Which of the following statement is False?
(A) —1is apossible eigenvalue of A.
(B) A™ = A, for any positive integer 7.
(©) I-A)Z=1-A.
D) tr(A) =r.
(E) Ifr = M, A should be an identity matrix.

14. (5%) Suppose adf # 0, which of the following matrix is an inverse of A =

o Qs

a
0
0

S 0 0
| S———

) rdf —bf be+ cd]
(A)E? 0 af ae |.
0 0 ad |

. df —bf be—cd]
(B)ZE 0 ae —af
L 0 0 ad
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15.

16.

17.

18.

[df bf be—cd]

(C)r‘lif 0 af ae

L0 0 ad
. df bf bd— ce]

(D)a—d]; 0 af -—ae

L0 0 ad
L [df —bf be—cd
(E)E_&? 0. af —ae
L0 0 ad

(5%) Consider a 3 X 3 matrix A, which is symmetric positive definite. Let A; and u; be an eigen-
value and eigen-vector of A, i.e., Au; = A;u;, with 4; > A, > A3. Suppose X = cyuy + CU; + C3U3.
Which of the following statement is False?

(A) A;>0,fori=1,23.

(B) AYA = Auuf + Auuf + Azuzuf.

(C€) x"x = |cg|® + |ea|®+]ca]?.

(D) xHAx = |cq|* Ay + [e2|* Az +] 3] 2s.

(E) The ratio x” Ax/x*x is maximized when ¢, = ¢3 = 0.

f

(5%) Consider the following matrix
0 0 01

1 0 0O
A= 01 00
0 01 0
fi
(A) A"t =AT,
(B) (A*)~! =A?
(C) Eigenvaluesof Aare1,1,—1,—1.

(D) Determinant of A+l is 0.
(E) Determinant of A+2Iis 15.

(5%) Consider the following equations:
x+y+2z=k
3x+y+7z=3k+4
4x + 2y + (k+ 7)z = 5k
For which value of k the system has NO solution.

A) k=-1
B) k=0
© k=1
D) k=2
(E) k=4
(5%) Let § = span{vy, v,, v3}, where
1 -1 4
-2
\ i ) Vy, = i , V3 = 2 |-
1 -1 0

Take Gram-Schmidt to find the orthonormal basis of the space § with the order vy, v;, v3 accordinly,
and denote the basis vectors as u4, U,, ... Which of the following statement is False?
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@ w =1 1 1 1",
®) w=;[-1 1 1 -1
© uz=3[1 -1 1 -1]".
(D) Dimension of § is 3.

(E) None of above.

19. (5%) Take QR decomposition on the following matrix

1 -1 4
_11 4 =2|_
A= 1 4 2 ] = QR,
1 -1 0
where Q is unitary and R is upper triangular. Which of the following is the matrix R?
2 3 1]
(A) R=[(0 4 -=2|.
0 0 4.
2 3 2]
B) R=|[0 5 -2}
0 0 4|
2 3 2
(C) R=[0 4 2
0 0 4
2 3 2
D) R=|0 5 -1].
0 0 2
2 3 2
E) R=[0 4 2]
0 0 1

20. (5%) Which of the following vector is the orthogonal projection of [1 —2 2 1]7 onto the
1 -1 4

1 4 —2] 9

1 4 2|°

1 -1 0

A) [2 -1 1 o]

@ [ o 2 —1"

© [0 1 -1 2]

® [ -2 o0 1"

E) [-1 2 1 o0]".

column space of A = [
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