EEBoRERY 106 B2 g3 4 A 3 HA

s RS A8 TERE D3006) £_6 A F
KEALZEFTAES

- ARBRAASEHE (BFTRT ~ERSM) > HBHHAFIEIBATHLEE > 2
HRIBREREREFF -

¢« BT 4H o HMES o GHABCDES ~EIE BWIH AR AMA LKA —H > K
i do— 2 o |

Notation: In the following questions, underlined letters such as g, b, etc. denote column vectors
of proper length; boldface letters such as A, B, ete. denote matrices of proper size; AT means
the transpose of matrix A. I, is the (n x n) identity matrix. [la|l means the Euclidean norm
of vector a. R is the usual set of all real numbers; C is the usual set of all complex numbers.
By A € R™*" we mean A is an m x n real-valued matrix. u(z) is unit-step function defined as
u(zy =11if 2 > 0 and u(z) = 0 if £ < 0; * is the convolution operator; % : f(z) ++ F(s) and
Z~1 F(s) +» f(z) denote the unilateral Laplace and inverse Laplace transforms for = > 0,

respectively.

— Let H =1,—2u', where y € R™, n 2 2 and |[u}| = 1. Which of the following statements
is/are true?
{A) The matrix H is both symmesric and orthogonal. T
(B} Both 1 and —1 are eigenvalues of H. |
{C) det(H) = 1.
(D) Trace(H) =n — 2.
(E} None of the above

= ~ 'Two square matmces A and B are similar, denoted by A ~ B, if B = P~ 1AP for some

nonsingular matrix P.- Which of the following statcments is/are true?
(A} Two similar matrices always have the same set of eigenvalues, includihg multiplicity.

(B) Two n x n matrices having the same set of eigenvalues, including multiplicity, are

similar,

(C) Any two square matrices with the same trace and determinant are similar.

(D) If A ~ B, then p(A) ~ p(B) for any polynomial p{z).

(E) Nomne of the above.

=\ Let A = in, where z and y are two nonzero vectors of R, n > 1. Which of the following

statements_is/ are true? )

(A) rank(A) = I and the range space of A is Span{y}.

(B) nullity(A) = 2.and the null space of A is Span{z, y}.

)
(C) Trace(A) =1 and det(A) =10
(D)

(E)

is always diagonalizable.

A
None of the above.
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W~ LetA=2 ET +y z ', where ¢ and y are two nonzero orthonormal vectors of R" and n > 2.

Which of the following statements is/are true?

(A} Both z and y are eigenvectors of A
(B) Trace(A) =1 and det{A) =0

(C) A is not diagonalizable.

(D) The least square solution of Az = b, where & is a vector in R", is (b' 2z + (QTE)E.
(E} None of the above.

%~ Let A,B € B™" and {u,,...,u,} be an orthonormal basis for R”. It is known that
(A,B) = Trace(ATB) is an inner product. We denote A 1 B if {A,B) = 0. Which of

the following statements is/are true?

(A) Let z,y,w, z be four nonzero vectors of R™. Then w z' Lz QT ifand only if w L z
and z L y.

(B} The set By := {gt u, 14,5 =1,... ,n} is an orthonormal basis for R™™™.

=
(C) The set

T T
U s + 2, Uy .
Bo={wu +—2 2= - 1<i<j<n
V2
is an orthonormal basis for the real vector space &, = {A ER™" A= AT}.
(D) The set
5 wu —ujul i
= _ 2 7
3 \/ﬁ = J =
is an orthonormal basis for the real vector space So = {A CRMT A = —AT}.

(E)} None of the above.

55 + The system of linear equations Az = b has

12 3 4 | ‘
A. = 4 b = !é
4 5 6 1 ’
Which of the following statements is/are true? ’( e ‘\
(A} rank(A) + nullity(A) = 3 3 ‘ . j - \

(B) ATA is a symmetric 2 x 2 matrix

) The nullspace of A has two linearly independent vectors.

{C
(D) ATA is an invertible matrix.
(E} None of the above. }E L ap %{ vz
2= H @ > ﬁ B\ RL
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£~ Continued from Problem s, which of the following statements is /are true?

(A) The matrix A has the same row space as the following matrix
111
01 2

{C) Let p be the projected vector of b onto the column space of A. The Euclidean distance

(B) det(AAT) =0

between & and p is zero.

(D) There exists a (3 x 2) matrix C such that rank{CA) = 3.
(E) None of the above.

A~ Continued from Problem 7, let B; be a (2 x 2) matrix and consider the system B Az =
B1b. It is known that

5
Bléz[o}andgz 0

Which of the following vectors can be column vectors for B;?

0
SIN

(E} None of tke ahove.

7L~ Given the matrices

1 0 00
M, = » Mo = M
00 01

which of the foliowing statements is/are true?

o]

(A) M1, Ma and Mg are linearly independent over R in R2*%2,
(B} The span of {My, My, M3} is the set of all (2 % 2) real matrices

(C) The set of all Hermitian (2 x 2) complex-valued matrices is a subspace of the span of
{M1, Mz, M3} over C.

(D) Any linear combination of My, Mz and Ms can be diagonalized over C.

(E) Nomne of the above. ;;-;‘-- - l
d _; - b= i e E
= TH B S|
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+ » Continued from Problem #.. Let B = 3M; +4Mz + Mg and C = B* - 4B% —~ 9B? +
27B + 111,. Which of the following is/are truc?

we-1]
e-[3 1]
ve-t]
et

(E) None of the above.
-+-— Solve the first-order differential equatioAn 22y (z) + zy(z) In(y(z)) = zy(z). Which of the
following statements is/are true?
(A) This is & homogeneous and linear differential equation
{B) y(z) =0 is one particular solution
(C) yiz) = exp(l) is another particular solution
(D} = =0 is also & solution

(E) None of the above. )
4=+ Continued from Problem +—. Given the initial condition y{a) = b, which of the following

statements is/are truc?

A) No solution if a = 0.

(
(B) A unique solution if b=a > 0.
(C) More than one solution if b = exp(1) .

{D) A unique soluticn if ¢ # 0 and b > 0 .
(E) None of the above.

1=+ The second-order linear differential equation (1 — z2)y" (= ) + 2z (m) - Qy(.r) flz), for
—1 <z < 1. Tofind the homogeneous solution, i.e. f(x) = 0, given one solution y;(z) = ,
tiie other linearly independent solution ya(z) can be derived by setting yo(z) = v(x)y ().

Assuming v(z) satisfies v(1) = 2 and v(2) = 3, which of the following statements about

v(z) is/are true?

(A) z(1 = =*"(z) + 20'(z) = 0
(B) z{z® — 1)v “(z) + 20’ (2) =0
( = ﬁa}wz_l b

b
-

)
S SR EA

{E) Nome of the above. R

e
it
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tog » Continued from Problem + =, find a particular sclution for f (z) = 1 — z? by the method

of variation of parameters, i.c., yp(z) = u1(z)yi(z) + ua(x)y2(2), where yi(z) and yy(x)

are obtained from Problem +=. Which of the following statements regarding u(z) and

ua2(z) are true?

% 5 A

A) wi(z)=In(1+z)—n{l ~2) -z

(B) ua(z) =In{l+z)+n{l —z) )
(C) uwa(z) ::cir%g ' ﬁ\\;’i
D) ug(l’) = “E; -

(
(E) Nomne of the above.
REA Solve the initial value problem of (2z — z%)y" (z) - 5(z — 1)y/(x) — 3y{z) = 0 with y(l) =
and y'(1} = 1 by power series of the form y(z) = 322 ¢, {x — 1)*. Which of the following
statements is/are true?
(A) z =0 is a regular singular point.
(B) =1 1is a regular singular point.
(C) The guarantecd radius of convergence is 2.
(D) The series converges if 0 < = < 2.

(E) None of the above.
+ 7~ Continued from Problem -+ £, which of the following statements regarding the recurrence

relation as well as values of coefficients ¢, is/are true?

(B) ez =

(C) es= %

D) Cg = ]_62—8

(E) None of the above.

T+t~ Let ylz) = [y1(z) y2()]” and consider the Vfollowing system of first-order differential

equations
P - 2
Q(E)L[ ;q()+{3}

1 -2
Assuming y(0) = {1 —1]T, let Y{(s) = [Vi(s) Ya(s)]T = & {y )}. Which of the following
statements is/are true?

(A) i{1) = §
(B) Yi(6) =
(C) ¥i(T) (7) = 1 Y2

3k 2 BE
(D) ;fg)) =0 -:!}3.'—; Tﬁ}]‘ W
(

E} XNone of the above. ' - —]

_.—ﬁ
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Continued from Problem + -, which of the following statements regarding the sclution
y(z) is/are truc?

(A) 1,{0) =6

(B) w;(0) =8

(C) 5,(0) =3

(D) limgs—oo(y(z) — 2()) = %

(E) Nomne of the above.

Let y{z) be a real-valued function satisfying the following second-order differential equation
y () +yla) = flz)

Assume y(0) = 3/(0) = 0 and f{z) = 3_, >pu(z — nm)sinz — na). Which of the following
statements is/are true?

(8) viw) = (£ { b ) h* (Sazo 8o —nm) ).
(B) &1 {f?f{f_l)?} = & [sin(z) + x cos(z}] u(x).
(C) Let Fs) = £ {f{x}}; then F(1) = E(T—le—-?f)
(D) y(ﬁ) =90 for all z < —7.

(E} None of the above.
Continued from Problem -7, which of the lollowing statemenss is/are true?
(A) y(z) is a periodic function with period .
(B) y(x) is bounded for all z > 0.

@& v(E) =1

(D) ¥ (5) =%

(E) None of the above.
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