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1. Given the linear operator 7 with standard matrix [T], ={1 0 -1| and
0 0
1 9 -6

B-matrix [T], = {0 7 —4} , which can be a correct basis for B?
2 11 -8

o B

1
2
-3

dHiE

(E) None of the above.

2. The commutator of two n x n matrices A and B is defined as [4, B}=4B-—BA. Let
0 denote the # x n zero matrix. For n x n matrices 4, B, and C, which of the following
statements is NOT correct?

(A) [A, B]=-[B. A].

(B)[A, B+C]=[A, B] +[A, C}.

(C) [A, BC] =[A, BIC+B[AC].

D) [A, [B, Cl] + [B. [A, Cl1 + [C, [A, B]] = 0.

(E) If {A, B] =0 and [B, C] = 0, then [A, C] = 0.
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3. An nxn matrix 4 is called diagonalizable if 4 = PDP™ for some diagonal nxn
matrix D and some invertible nxnr matrix P. Choose the following matrix which is

diagonalizable.
-1 0 0© 0 1 300 55 -6

(A)-—4—25(B)[00}(C)012(D)0—10
4 -5 8 0 21 3 2 4
5 0 0

E) |0 0 -2

: 02 0

4, uandvare orthogonal ifusv=0. TheS is the set of all vectors in R”that are

x
orthogonal to every vector in S . Consider the setS =<|x, [e R’ :x,—x, +x, =0},
*3
Choose the following statement which is correct.
1 1
(A 1]est ®)-ljes
0 1
(C) S isasubspaceof R’anddim § =1.
1
i 31
(D)Let |0|=w+z suchthatwe Sandze §*,then z= ——3— .
" L
L3
=111~
(E) 0,1 is a basis for S,
111

boS &1
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5. The integrating factor of a(x)y'(x) =b(x)¥(x)+ f(x) is

M) o FALIFS Bx)

W @) T o) T ) S g S

6. What is the solution of f{¢)? (hint: using the Laplace transform)
£e’ sin(r—7)dr = _l:f(r)dr

(A) —e sm(t)+‘/_e cos(r), (B) J_sm(t)+—cos() () —e +écos(t+4)

10) J—e cos(t+ ) E) —g +%Sm(t :Z)
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7. Which of the following statements are correct?

(A) For an n x n matrix 4, the columns of 4 are linearly independent if and only if the
rows of A are linearly independent..

(B) For an m x n matrix 4, the nullity of 4 equals the nullity of its transpose 47

(C) An m x n matrix 4 defines some linear transformation Ty R® — R™. T, is onto if
and only if rank 4 = m.

(D) A set § of vectors forms a basis for a subspace ¥ of R if and only if the vectors of
§ are linearly independent and the number of vectors in § equals the dimension of V.

x
(BE) Theset ¥ =4|x, |e R®:3x,+2x,~x, =1} isnota subspace of R’.
X3

1 23 1%
8. Suppose thematrix |2 5 3 a 0 canbe transformed to the reduced row
1 08 6 ¢
100 =2 0
echelonform |0 1 O 4 -1|. Which of the following equalities are correct?
001 1 e

(A) a=1. B) 6=3.(C) c=40/3.(D}) d=-1.(E) e=2.
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9. An affine transformation of & is a function T: B> — R of the form T(Xy=A%+b,
where 4 is an invertible 2 x 2 matrix and & = R . Which of the following staternents
are correct?

(A) TH@)=A"%-475.

(B) Affine transformations map straight lines to straight lines.

(C) There is no affine transformation that can map a straight line to a circle.

(D) Affine transformations map parallel straight lines to parallel straight lines.

(E) There exists an affine transformation that maps parallel straight lines to
intersecting straight lines.

10. Define the linear operator T on R*by T([xl D:[ 2%, :| Wilich statements
X, ~3x,+x, | -

in the following are correct?

{A)3 is an eigenvalue of T.

(B) 4 is an eigenvalue of T.

(C) —2is an eigenvalue of T.

-2 ‘

D) {l: 3 }} is a basis for the eigenspace of T.
3. . .

(E) {[3]} is & basis for the eigenspace of T.

11. A subset of R is called an orthogonal set if every pair of distinct vectors in the set

is orthogonal. An orthogonal projection of vonto a subspace W is defined as a vector,

w e Wsuch thatv=w+z, whereze W'. Which statements in the following are

cotrect?

(A) Any orthogonal set of nonzero vectors is linearly independent.

(B) Every subspace has an orthogonal basis.

(C) For any matrix 4, (Row A)' = Null A.

(D) Let W be a subspace of R"and vbe a vector in R”. Among all vectors in W, the
vector closest to vis the orthogonal projection of v onto WE.

(E) For any subspace W of R”, dim W + dim Wt =n.
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12. Let F(R) denote the set of all functions from R to R . Choose the following subsets
of F(R)which are linearly independent.

()| -2t +52* — 4t +10} B){sint,sin’ f,cos* 1,1} (O){r* -20+5,2r ~5+10,7%}

D){¢,tsint} (E){e’,ezf,...’em,...}

13. Consider the equation X(#)+16x(f) =0
{A) There are infinite many solutions.

(B) There are no solutions.

(C) There are two independent solutions.

(D) There are no solutions for x(0)=0, and x(%) =0.

(E) There are infinite many solutions for x(0)=0, and x(%) =1.

14. Consider X()=A4X(t), where A is an nbyrn matrix, X(f)is an nbyl
vector, n=2

(A) e* =Inverse Laplace transform of (s/-4)™

B) X (t)=e*C=Ce" forany nbyl vector C

{C) {sI - A4)is nonsingular for any scalar s

(D) e* isnonsingular for any scalar ¢

E) %e“" =de™ =e"4.

15. What are the function sets listed as follows orthogonal on the interval {0, 1]?

(A) {1, cos2mx, cosdmx, cosb, ......... }

B) {1, x, 2%, £, e }

(C) {1, sin4x, sin8x, sinl2m, ......... }

D) {Po(2x~-1), Pi(2x -1), Po2x —1), P3s(2x -1), ...... }, where P,(x) means the
Legendre polynomial.

(E) {fo(x), Ii{x), L(x), B(x), ...... 3, where I(x) is the modified Bessel function of the
first kind.
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16. Suppose that fx) =0 for 0 <x < L, Ax)=—x+3 forl<x<3,
a o
g(x)=-§°-+§a,,cos"—§-x, a, = ff(x)dx

‘What statements in the following are correct?

(A) g(x) = g(-x), B) (1) = 1, (O) glx) = glx+2), (D) g(-3/2) = 0, (E), g(7/2) = 0.
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17. Solve y(x)
Yi(x)+2y'(x)+ y(x)=¢ with p(0)=y'(0)=1 (10 points)

18. Use separation of variables to find the product solutions for the following partial
differential equation.

Bu
20) =ya"g,”). (10 points)
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