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1. (5%) Which of the following statement is False?
(A) If B is obtained from a matrix A by several elementary row operations, then rank(B) = rank(A).
(B) Row operations on a matrix A can change the linear dependence relations among the rows of A.
(C) A change-of-coordinates matrix is always invertible.
(DY If A is . x n and rankA = m, then the linear transform x — AX is one-to-one.
(E) If A is m x n and linear transformation x — AX is onto, then rankA = m.
2. (5%) Which of the following statement is False?
(A) If an augmented matrix [A b} is transformed into [C d] by elementary row operations, then the
equations Ax = b and Cx = d have exactly the same solution sets.
(B) If a system Ax = b has more than one solution, then so does the system Ax = 0.
(C) If matrices A and B are row equivalent, they have the same reduced echelon form.
(D) If A is an m % n matrix and the equation Ax = b is consist for every b in R™, then A has m
pivot column.
(E) If A is an m X n matrix and the equation Ax = b is consistent for some b, then the columns of
A span R™,
3. (5%) Which of the following statement is False?
(A) If A and B are row equivalent m x n matrices and if the columns of A span R™, then so do the
columns of B.
(B) In some cases, it is possible for four vectors to span R®,
(C) If u and v are in R™, then —u is in Span{u, v}.
(D) If A isa 6 x 5 matrix, the linear transformation X + Ax cannot map R® onto R®,
(E) A linear transform is a function.
4. (5%) Which of the following statement is False?
(A)If A and B are m x n, then both ABY and A™B are defined.
(B) Left-multiplying a matrix B by a diagonal matrix A, with nonzero entries on the diagonal, scales
the rows of B.
(O IfBC =BD, then C =D,
(D) If AB = BA and if A is invertible, then A™'B = BA™,
(E) An elementary 1 X n matrix has either n or n + 1 nonzero entries.
5. (5%) Which of the following statement is False?
(A) If B is formed by adding to one row of A a linear combination of other rows, then
det{A) = det(B),
(B) det(ATA) > 0.
(Q) If A® = 0, then det(A) = 0.
(D) det(—A) = — det(A),
(E) If A is invertible, then det(A) det(A™1) =L
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6. (5%) The dimension of the subspace
a—3b 4 6¢
~ Ba -+ 4d |
H = b— 9% d ca b, deR
a-—2b+4c—d
is
(A) 1.
(B) 2.
(€) 3.
(D) 4.
(E) 5.
7. (5%) Let
A= { 83 1023 J As k — oo, we obtain  A*
—05 —1.75 1
(A)[ 10 150 |
—0.75 —0.5 ]
(B){ 1.0 150 |
[ 0.5 150 |
© 10 -0 |
—1.5 —0.75
(D)[ 1.0 250 }
[ -0.5 —0.75
B 10 150 J
8. (5%) Let J be the n x n matrix of all 1’s, and consider A = (@ — b1 + bJ; that is
Ta bbb
b a b ... b
A—lbba ... b

Then the eigenvalues of A are
(A) a+b,and a+ (n —1}b,
(B) a — nb, and a + nb.

(C) a—b,and a+ (n — 1)b.
(D) @ — 2b, and & + nb,

(B) a+b,and a — (n — 1)b,

(5%) Let A and B be 4 x 4 matrices, with det A = —1 and det B = 4. Then,
det BT'AB +det ATA + det 2A =

(A) -12.

(B) -14.

(C) -16.

D) -18.

(E) -20.
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10. (5%) The determinant of
3a -7 8 9 -6

0 2 -5 7 7

A=|0 0 1 5 0
0o 0 2 4 -1
o ¢ 0 2 0

is

(A) 0.

(B) 12a.

(C) 13a.

(D) 14a.

(E) 15a.
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1. (15%) Consider the following matrix

-1 0
A=l1 -1
1 1
() (5%) Please find the eigenvalues and eigenvectors of the matrix AAT, where AT is the transport

of A.
(b) (10%) Please calculate the singular value decomposition (SVD) of A.

2. (15%) Let U and V be two m X m positive definite matrices.
(a} (10%) Find a m X 1 complex vector b, such that
0 bUb”
bVb¥
1s maximized
(b) (5%) What is the maximum value of O in (a)?

3. (10%) Show that if the set {u, v, w} is linearly independent, then so is the set {1, u + v,u + v + w}.

4, (10%) If the columns of a m X n matrix A are linearly independent, show that the projection of a

m X 1 vector A on to the column space of A is
p=A(ATA)"1A™D
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