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1. (7%) Determine which of the following statements are true.

(A) The solution set of the matrix equation X2 + 3X + 2I, = 0 with the 2X2 matrix variable X is
equal to {—I,, ~21,}. _

(B) If the n X n matrix M is skew-symmetric, i.e., M = —M7T, then M is not invertible when n is
an odd positive integer.

(C) Let T, be the matrix transformation induced by the matrix A. For every square mairix A,
Range(T,) n Null(T,) = {0}.

(D) If A isan m X n matrixand E isan n X n elementary matrix, then Null A =Null AE.

(E) None of the above statements are true.

2. (7%) Which of the following subsets of R™ are a subspace.

g
A) 51={ t :s,t,u‘e!R,s+t+u=1}.
L
e
B) S ={ y|:x,y,zeR, xyzzo}.
| 7 _
1 2 3 4 0
© ss={ve®t:|g 7 ¢ 5lv=[o]}
17727 [3])
®) S4=Span{ 21,1416
131 L61 L9
17741 171) 1
B Ss=Span{ 21,i5].]/81}tv Span{[l”.
131 L61 L9, 3
3. (7%)
-3 0 -3
A= [i i 2 (1)], S= [ 5], l_il, I_i] . Which of the following statements are
1 2 5
true? '

(A) Let T, be the matrix transformation induced by the matrix A. T, is one-to-one.
(B) Let T, be the matrix transformation induced by the matrix A. T, is onto.

(C) The dimension of the range of T ;v = 2.
(D) Null A = Span S. '
(E) Let B; be any basis for the range of T,r and B, be any basis for SpanS. Then B, UB,

RE &

constitutes a basis for R%.




M . 338 AEERAE 112 REERLHBAARBA
#8: EHEEO ' A 338
MmR: 6 #5H 2B 2 R

4. (7%) Let A and B be mXn and nXk matnces respectively. Which of the following
statements are true?

(A) Col A is a subset of Col AB.
(B) dim (Col A) £ dim (Col AB).
(C) rank A = rank AB.

-~ (D) Suppose that k =n and B is an n X n invertible square matrix. Then Col AB is a subset of
Col A. '

(E) None of the above statements are true.

5. (7%) Let @ be an n X n invertible matrix and P be an n X n matrix. Let R, and R, be the
reduced row echelon form of @ and P respectively. Which of the following statements are true?

(A) R, isan identity matrix.

(B) If Rj is also the reduced row echelon form of P, then R; must be equal to R,.

(C) det(Q) = det(Ry). |

(D) Let {uy,uy,, -, u;} be a linearly independent set of vectors in R™. Then {Puy, Puy, -, Pu,} is
linearly independent.

(E) Suppose that {Pu,, Pu,,+--,Pu,} is linearly independent. It is necessary that k < n.

6. (7%) Determine which of the following statements are true?

(A) Let B be a basis of R™ and A be nxn. If [{Avl] = ||lvl} for every vector vE B, then A is
orthogonal.

(B) Iftwo square matrices have the same characteristic polynomials, then they are similar.

(C) Inan inner-product space V,if (u,v;) = (w,v;} for every vector v; ina basis for V,then u=w.

(D) If two vectors are linearly independent and they are both eigenvectors of a symmetric matrix, then
they are orthogonal.

(E) Let A bean m X n matrix and W = ColA. If Py is the orthogonal projection matrix for W,
then Ax = Pyb is consistent for every b € R™.

7. (8%)Let T:P, = P, be defined by |
T(p(x)) = 3p(0) + (=2p(1) + p'(®))x + p(2)x?,

where
7 - dp(x)
p (0) - dx |x=0'

(A) T is a linear transformation.
(B) T is an isomorphism.
(C) The eigenvalues of T are 0 and -3.
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(D) A set of vectors consisting of the basis of each eigenspace for all eigenvalues of T constitutes a
- basis for R3.
(E) Let {1, x, x>} be a basis for P,. Then any vector v in vector space P, can be uniquely
represented as a linear combination of the vectorsin {1, 1+ 2x, 1+ 2x + 3x2 }.

For the following problems (8 to 17), assume: y’ = %IZ and y" = g

8. (5%) The following differential equation can be classified as:
xy' + xy + 2y = x?e™*

(A) linear homogenous

(B) linear nonhomogenous
(C) nonlinear homogenous
(D) nonlinear nonhomogenous
(E) cannot determine

9. (5%) For the following differential equation, x = —3 is which type of point?
P+x—6)y' +(x+3)Y+(x~2)y=0

(A) ordinary

(B) regular singular
(C) irregular singular
(D) none of these

10. (5%) Which is a solution of the following differential equation on interval (-5, 5)?
dy _ _%
dx y

(A) x2+y?=125 -5<x<5

B) y=+v25—-x2, -5<x<5

© y= —V25—%2, -5<x<5

(D) all of the above
(E) none of these
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11. (5%) Which is a solution to the following differential equation?
y+y=10
A)y=0
B) y=e™*
© y= Taa"

n
(D) both Aand B
(E) all of the above

12. (5%) Which is the general solution to the following differential equation?
yur —_ 3y" + 3y.' —y= 0

Assume ¢y, Cp,and ¢ are arbitrary constants.
A y=ce*+cye*+ cze”

B) y= ¢, e* +c; et + ¢z e**?

©C) y=ce*+c,xe*+ c3x2e*

D y= ¢ e*+c Inx e+ ¢z (Inx)*e*
(E) none of these

13. (5%) Which is the general solution to the following differential equation?
xiy" —2xy' —4y =0

Assume c; and c, are arbitrary constants.

(A) ¥ = e*[c; cos(V5 x) + ¢, sin(V5 x)]
B) y=cre*+cy et

(©) y = x[e; cos(vV5nx) + ¢, sin(v5 Inx)]

D) y=cxt+cx*
(E) none of these

14, (5%) Which is the general solution to the following differential equation?
2y"—-8y=0

Assume c¢; and ¢, are arbitrary constants.
(A) y = ¢; cos(2x) + ¢, cos(2x)

(B) y = ¢4 cosh(2x) + ¢, cosh(2x)

(C) ¥y = ¢; cos(2x) + ¢ sin(2x)

(D) y = ¢, cosh(2x) + ¢, sinh(2x)

(E) none of these

#RRA




Mk 338 BXEMXE 112 £5ERALHB L AREA
#a8: 220

Mk - 338

E X EA ]

wk: 6

-15. (5%) Which is the general solution to the following differential equation?
Ty 292y 0
dxt " Caz YT

Assume ¢y, ¢, C3,and ¢, are arbitrary constants.

(A) ¥y = c¢; cos(x) + ¢, sin(x) + ¢3 cos(—x) + ¢, sin{—x)

(B) v = ¢4 cos(x) + ¢z sin(x) + ¢3 x cos(x) + ¢4 x sin(x)

(C) v = ¢;cos(x) + ¢ sin(x) + ¢3 e* cos(x) + ¢, e* sin(x)
(D) y = ¢4 cos(x) + ¢3 sin(x) + ¢3 e7* cos(x) + ¢4 e7* sin(x)
(E) none of these

16. (5%) For the following differential equation on the interval (0,):
2xy"+ (@A +x)y"+y=0

which of the following equations are solutions?

)n+1

&) y = T

B) y= Y&, yt1/2)

2R nl

co (—l)n
© y=1+ Z“=1 1-3-5-7---(2n~1) x"

(D) BothAand B
(E) BothBand C

17. (5%) Which is the general solution to the following differential equation?
v +y = 4x + 10sin(x)

Assume c¢; and ¢, are arbitrary constants.

(A) y= ¢ cos(x) +cysin(x) + 4x

(B) ¥y = ¢; cos(x) + ¢y sin{x) + 4 x — 5sin(x)
(©) ¥y = ¢4 cos(x) + ¢y sin{x) + 4 x — 5 cos(x)
D) y = ¢; cos(x) + ¢ sin(x) + 4 x — 5 x sin(x)
(E) y = ¢;cos(x) + ¢y sin(x) + 4 x — 5 x cos(x)
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