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1.

8 6 7
Als 3 0 =—5|§ ;|+3|g g|—0|g ?|=—5(48—7)+3(64—63)=
9 1 8
—5(41) + 3(1) = =205 + 3 = —202
1 1 0 01 0 0 O
_— . . . 0 2 0 00 1 0 O
C. We will find the inverse via Gauss-Jordan elimination. 0 3 3 olo 0 1 o w
0 4 0 410 0 0 1
10 0 0 1 —% 0]
[1 1 0 0lp X o 0} 1 0 0 O 1
|0 L0 OO (2) 1 ool™ 0 1 0 of 51 (1) O.Thesumoftheelements
I0 1 1 0 3 | 0 0 1 Ofp - 3 0
lOlOl()()()1J0001_l 1
4 0 0
2 4 -
1 —% 0 0]
1 1 0 o]* 0 0 o
inthethirdrowofg g g 8 = 0 11 Oi50+%1+§+0=—%.
0 4 0 4 2 03
1 1
0 —5 0 -]
1 1111 2111 37111 4 1 9111 107 _
c'[O 1[0 1][0 1]0 ][O 1]0 1]_

1
3 A -
R B [ B A B
1+554+0+1=57.

p.[°5% 2 |=6-D-1-D-18=22-51-24=(A-8)A +3) =0.
11:8and12 :_3,50 |A.1_Azl = |8__3| =11.

05 71\’ & 713 5
A.det(4%) = (det(A)? =([4 3 1 =(—4|2 3|) = (—4(15 - 14))° =
0 2 3
(—4)3 = —64.
2x+4y—3z=-9
B. The system of equations must have been { 3x — 2y — 4z = 4 . The solution to this
5x+8y—-—z=1
-9 4 -3 2 4 -9
4 -2 -4 3 -2 4
systemhasx =2—2 L =4andz=3-S8 L. =3.x+z=4+3=7.
3 -2 —4 3 -2 —4
5 8 -1 5 8 -1
10 _ 9 _ 8 —m8(m2z_n_[1 O
E.MY — M°— M® = M® (M? - M [0 1])
_ys([1 11 17 1 13 1 O]\ _ as([2 1711 11_1 O} _
=0 (1 ol of=li ol=lo D=2 -1 ol-lo 1=
0

MS([?) 8)= 8 o]
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8. A. Multiplying the first row by 2 has the effect of multiplying the determinant by 2.
Swapping the second and third row has the effect of negating the determinant. Adding a
multiple of one row to another has no effect on the determinant.

9. E. The adjoint matrix is the transpose of the matrix of cofactors, so we’re really looking

for the first entry in the second row of the cofactor matrix. This will be — |_23 _1| =
—(14-3) = -11
o o peiyp_ [-2 —5][14 307172 57_
10. B. M = PAP™" can be rearranged to yield A = P""MP = [ 1 2 ] [—6 _13 [_1 _2] =
-2 _—5 1 0
[ 1 ” 1 —4 [ ]

11. D. M1° = (PAP~) = (PAP~)(PAP~)(PAPT).. (PAP H=

PAPP)AP ) AP Papt = patpt = [ 2 O] ([ 0])10 e
2

[—21 —2] [0 1024][ ’ _5] [2 -2 [1024 2048] 521(}466 i(4)13)3‘;?1

1 k k2 1 1 1 1 2 4 3 6 14
12.D0.23 .|k Kk? k3 11+248+3927=6 14 36|.
kK2 K3 k*1 11 1 1 4 8 16 9 27 81 14 36 98
2 -2 —4
13. C. An idempotent is equal to its own square. |—1 x 4=
1 -2 -3
2 —2 —4 2 4 —2x —4
=|2—x —6+x?> —8+ 4x|. To make all the entries in
2 —2 —3 1 4 —2x -3
the left side of the equallty equal to all the entries in the right side of the equality, it is necessary
that x = 3.
14. C. Let the matrix M represent the original message.
3 2 _[47 42 101 20 -1 02
We know [2 1]M— 29 28 61 ] Multiplying both sides by [2 1] —[2 _3]

yieIdst[_l 2]47 42 101 20_[11 14 21 4]_[H fl ¥ g]

2 -3l129 28 61 121 L7 o0 19 4l
15. E. With only three cases, it’s not too time consuming to just check each choice.
[1 2 171[-31 [-3
0 1 0f]11]= ] This vector is an eigenvector with eigenvalue 1.
1 3 111-21 [|-2
(1 2 171[-11 [O
0 1 0f]j0]= 0]. This vector is an eigenvector with eigenvalue 0.
1 3 1l1L11 10
1 2 117111 [-1
0 1 0||-1]|= —1]. This vector is not an eigenvector.
1 3 11L01 [L-2
2 00 0 0 O 0 2 0 0 2 0 2 0 0
16. E.1(3 3 O[—1(0 3 Of{+0f0 3 O0[—0f0 3 3(=1|3 3 0[—-0+0—-0=
4 0 4 0 0 4 0 4 4 0 4 0 4 0 4
2| 0|Z 2|+0|43L g|=24—0+0=24.
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17. D. Subtracting the second equation from the first yields w — 5z = —21 which rearranges to
w = —21 + 5z. The second equation rearranges to x = 23 — 3z. The third equation rearranges
w —21+4 5z
_ . . x| . , 23 -3z .
toy = —20 + 4z. This means that all solutions will be in the form which may
y —20+ 4z
z z
—-21 5
. . . 23 -3
alternatively be written in the form —20 +z 4
0 1
6 3 2
_1 .\ S, ) S EY N ST
18. C 2 2| _ 2 2 _ 2 2 2 2 2 2 _
B ET. Bt NERNE o VETRE N § E R,
2 2 2 2 2 2 2 2 2 2

2
([é (1) ) = [(1) (1)].The sum of the elementsis1+0+0+1 = 2.

. . . 3 211C1 _ 121
19. D. The system of equations governing this problem can be represented as [2 4] [B] = 22]. To
1 1
c . . 3 217 114 -21_|z "3 c1_
solve for [B] we multiply both sides by [2 4] =3 [_2 3 ] =11 s . We see [B] =
4 8
1 1
2 4|21
()

4 8
20. B. For the sake of explaining the solution clearly, we will make up variable names for the

number of batches of brownies in each scenario, but these are irrelevant to the
problem. To solve each of the scenarios, one will, based on the results of the previous

problem do:
w 5 —ilna x l—125}’ %‘%112 §_71;18
[]]= Y [zo] [K]= C1o5' 30 [L]= _1 3 18] [M]= 103 [20‘
4 8 4 8 4 8 4 8
Rather than compute all of these, one should sum them all.
F 1 17 1 1 F 1 1 1 1
W +X+Y + 2] 7 3 7 3 7 T3 7 2
_]++K++L++M_= P §§]+ PR [§3]+ P 1é]+ P Bg
|4 8| 4 8 4 8 4 8
S 1 E
W +X+Y+ 2] 7 T3 -
_]++K++L++M_ =14 5 (;g]+[§g]+ﬁaﬂ+[;g.)
4 8|
S 4
W+X+Y+Z] _|2 "4 68]:[34—22 :[12]
J+K+L+M] 7| 1 3 |lssl " 1-17+33] " l16
| 4 g
21. A (@RS =5 RQ =1 712 :55;”—41 e

[:; 134”—41 _37]:[—_374 ;?
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x 7 3
22. D. These vectors are linearly dependent ifand only if | —1 x x] is singular. We need to find
1 5 2
x 7 3
the x value satisfying 0 = [-1 x x|
1 5 2

0=x’5c ’2C|—7|_11 ’2‘|+3|_11 ’;|=x(—3x)—7(—2—x)+3(—5—x)

0=-3x?2+14+7x—15-3x=-3x2+4x—-1=—-CBx -1 (x—1).
The sum of the solutions is % +1= g

23. C. The transformation of the human population on a given night H,, and tortoise population on
that night T, to the human population H,,; and tortoise population T;, 1 on the next night can

3 1
= 3|[H H
be represented as g g [T"] = [Tn+1]' Since H and T represent equilibrium populations, we
- = n n+1
5 3
3 1
know 2 z [I;] = [17-{] Because%H + %T = H we realize %T = %H which can be manipulated
5 3
g1/ _s _
toyleIdF— 25 = 6.5+2(6) =17
a bI™'_ 1 1d —b|[5 6'_ 1 14 —6_[2 3
24. E. [c d " ad-bc [—c a ] [3 4 T 20-18 [—3 5 ] - [—3 ; )

25. B.|2 ? —5x7—6%X6=35-36=—1

26. E. The first and last row of this matrix are identical. When one row of a matrix is a multiple of
another row, the determinant is always zero.

27. C. Matrix 4, the transpose of the cofactor matrix, is by definition the adjugate matrix of M (i.e.
the classical adjoint). Dividing the adjugate of M by the determinant of M is one method of

1 0 O
- . 1 _ 1 _ 1N
finding the inverse of M. So, 3ot MA=M (det(A)A) =MM 1) = [g (1) (1)] The sum of

the entriesis1+1+ 1 = 3.
28.B. A [2] = [Z] and 4 [_81] = [g] imply A [_1 3] = [g 9}] In an effort to make the right

8 6l
: : N . L —1/4 3/4]_11 0
side of the equality the identity matrix, we may rewrite this as A [ 2 3/2 = [0 1

~1/4 3/4
2 3/2

]. Matrix

inverses are unique, so it must be the case that A= = [ . The sum of the entries is

1 3 3
—Z+Z+2+E—4.
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29.D.(A+B)? =A>+2AB+B? © A> + AB+ BA+ B> = A> + 2AB + B> © AB+ BA =
2AB & BA = AB & A and B commute. The first statement is true.

Consider the fact that for any matrix M, adj M = det(M) - M~1. So, adj(AB) = det(4B) -
(AB)™! = det(4) - det(B) - B™1- A"t =det(4) - A™1 - det(B) - B~ = adj(4) - adj(B). The
second statement is true.

0 - 0
Given a nilpotent matix M, there exists a positive integer n such that M" = [ :|. So,
0 - 0
0O - 0
det(M™) = det<!§ ]) . We see (det(M))™ = 0 which means det(M) = 0. We conclude
0 - 0

that M is singular. The third statement is true.

1 6 —-41[2 -1 3
30. A. There is no special trick to this problem. |7 2 3(|-4 5 3|=

2 -5 1ll-6 1 1
2—24+24 —-1430—4 3+18—-4 2 25 17
14-8—-18 —-7+10+3 214+6+3|=|—-12 6 30
44+20—-6 —-2-254+41 6-15+1 18 —-26 -8




