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QUESTION 1. (16 points)
(i) Let A be a 4 x 4 matrix such that C4(c) =

\ Trace(A) =
7\ ()9 © 1 @9 ) 1)

(@ —2)(a — 3)*(a — b), where b € R, and |A| = 72. Then

(a)15
(ii) Let T : R? — R? be an R-homomorphism (linear transformation) with eigenvalues 2, 0 such that
E, = span{(2,1)} and Ey = span{(—4,—1)}. Then the set of all points in R> where T'(a,b) = —2(a,b) is

(a) Span{(-2,~1)} ©{(-2,-1} (@ Spen{(-2,0)}

I -2 —4
(iii) Let A= |-1 a b |.Then A~!exists in one of the following cases.
-2 4 c

(@a=2, b=54,and c=19 (b)a=13, b=0,and c=8 (¢)a=0, b=34,and c =39

(da=14, b=43,and c=8

1 a 5 1 a 5
(iv) Let A= |b ¢ d| suchthat|4]|=4.LetB= |b c¢+2 d|.Then|B|= (hint: use the second row
2 e 4 2 e 4
to find Al and IBI. Then stare)
(@) 6 (b) 2 (c) 16 d) -
2 3 .
(v) Let A= i . Then the eigenvalues of A

(@)2, 4 ©2, 3 (d)-2, -4

(vi) Given A is a3 x 3 matrix with eigenvalues 1, 2, 3. Then |A + 647! =

@Z 7@75 @ 2

ay a2 a3
(vii) Let A = |b; by b3 | such that |A] = 2022. Let D be the solution set of the system of linear equations
Cl C C3
a a a3 1 aj + a3
by b b To| = [by+b3]. Then
cK ¢ C3 z3 c1+¢3

(a) D is infinite, but not a subspace  (b) D ={} (¢) D = Span{(1,0,1)} ((d) D ={(1,0,1)}

—ap —a2 —a3

ay a a3
(viii) Let A= [b; b, b3| suchthat|A|=4.Given B= |3¢; 3c; 3c3|.Then|B|=
2by  2by  2b3

C1 C C3

@ ®)-12 (c) 12 (d) -24
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QUESTION 2.Let T : R?> — R?® be an R-homomorphism (i.e., Linear Transformation) such that T'(a,b,c) =
(2a, —a+b—c, —a—b+c).

(i) (4 points) Find all eigenvalues of T'.

{2 0 o]
I
-1 ,1 1

(T(@):\QIB‘T\ =|lla O O 700 G ),
0 a O |-/~ 1 -111- I a-l
O 0 aj |1 -11 11 ad
Ea! - { ;
(a-2)(-1) a-| = (a-1) [(“'1)(a—1)*1j=(a—2)(a2_2@«7‘(,,{)

= (-2 (e?-2a) = a (a- ~2) (a-2)

('C[)éQfL

Eiﬂenvaths a=0 (once S

a=2 (twice) 1/

(ii) (4 points) For each eigenvalue a of T, find E, and write it as span.
a=0 [-2 O O[up, [@ o Op R.+R@R1 1 0 00
0 I 1 = 0 O 1 -ld

-1
(gJa:o {(O,CN?HCGIR} dim(FQ:l

[
L ©
b |

1 1 b=C E—‘S an{( -
2 - O)l") /
O O olo (3.86( 0=SP }L/
6=2 |0 0 0|01 R4, [0 0 007 0=0
1 1 l O /2\/ | { 1 \O 3”9'((1:0‘;)&:—!3'(_ b,Cpfee
1110 000 0=0

[ Cb¢, byc) | byc€R}
Fy=span{l-1,1,0) (4,0, 1}

dm‘(Ez):Z
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QUESTION 3.Let T : R* — R* be an R-homomorphism (i.e., Linear Transformation) such that T(a,b,c,d) =
(a+b+c+d, —a—b—c, —2a—-2b—2c—-2d, —3a—3b—3c— 3d). Let M be the standard matrix presentation

of T.
i 4 pou%) Find Rank(M) Then find dim(Range(T))
1

! 1(1) PR, [ 1

t
= -1 -l 0001
:.Lzzz(\,{ ooo\g
55‘3'3%%& 0000

Kanl (M) = dim (&nﬂdT N=2

(ii) (4 points) by staring at (i), find a basis for Col(M). Then find a basis for the Range(T). 1*“and 4™ ¢4 (44 |
abast b Col (1) = {(1,-1,-2,-3), (1,0,2,3) }
a bsis for the ka’fﬁc (1) = basishor Gol( ) = {(1,4,-2,3), (1,0,-2,-3)}

L

}:l Find A~! if possible

1 1 1
QUESTION 4. (i) (4 points) Let A = l—l -1 ﬁ)
1

-1 1

Q1 1|10

1 -1 0 [0 TOJ%M
O
1
J

O O
o (10 1% 0% Rt [1 0 O, 4
_/Rﬁpl Q, I{é} 10? 1/2 0 z/z}/-\j/' O | 0 ;,2 0 ‘//2
O 1 1 0 QO 1 1
v
f -1 J/ f
A"‘[% 0 '/ZJ

1 1 DZ \/ )

[3®)

|

T
(ii) (2 points) Let A as in (i), find the solution set to the system of linear equations given by A [a:z} = [

Mutkiply by A Prom the {gft 23

AT [ % % - by T2 6

Qo{utoa

(éze)}\/
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QUESTION 5. (i) (4 points) Find a matrix A, 2 x 2, such that ([? ll] A“) + A

w

e (R T ) I

(ii) (4 points) Let A be a 4 x 4 matrix. Given

1 1 1
A M, p RoRy o —4RHRIOR) D= 0o 0 2
-2 0 0
2IA) -1(A) 4 -1 -4
T T
Hoalsglo 0 2 1 [heR 11 1]
RitRu>Ry | O 2 2 4 . 0
00 0y fial 40 4 &
O O 0 ¥4
IFl=((2) @)Y= 14

a. Find |A| = % IF)= 8 1/

W DN = =

b Find[0.50] = 0.5%1C) {0.5")(-2) IA) = (05" (-2)(§)= -1 J



