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Provide the following information:
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Christopher CHOW Pourya MEMARPANAHI Nancy TEMRAZ

Read these instructions:
1. This test has 11 numbered pages. It is your responsibility to check at the beginning of the
test that all of these pages are included.

2. Answer all questions in the work space provided. If you need extra space, use the back of a
page or the last page, and indicate clearly the location of your continuing work.

3. With the exception of the Multiple Choice questions, full points are awarded only for solutions
that are correct, complete, and sufficiently display concepts and methods of MATA33.

4. You may use one standard hand-held calculator (graphing facility is permitted). The following
are forbidden: laptop computers, Blackberrys, cell-phones, I-Pods, MP-3 players, extra paper,
textbooks, or notes.

5. You are encouraged to write in pen or other ink, not pencil. Tests written in pencil will be
denied any regrading privilege.
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Print letters for the Multiple Choice questions in these boxes.

Do not write anything in the boxes below.

Info. | Part A

Part B

14 18 16 14 12

Total

100




Part A - Multiple Choice For each of the following print the letter of the answer
you think is most correct in the box at the top of page 2. Each right answer earns 4 points
and no answer or wrong answers earn 0 points. Justification is neither required nor rewarded, but
a small workspace is provided for your calculations and rough work.

1. IfA=[}l :ﬂ andB=[_g é] and C = [Cy;] = BA— AT then 6Cy; — 4Cp +2Ch, is

B) 4 (C) -6
BA- A"L[ 13’}“ : } [\4]
:(lz ‘lﬂ - (‘; ’4‘]

G(6) —a(z) + 2(-1)

¢ -\
—'—[12_ Zj =36 —8 - 12
= G

(E) 12 (F) none of (A) - (E)

2

(A) allrealz (B) 3and2 (C) —3 and 2 (E) none of (A) - (D)

{‘\' [ No+ savertible 4= det =
& X= 3, x= -2

2. For what real value(s) of z is the matrix l T 2 ] not invertible ?

(x-)x -6

(¥-3X+¢+2)

3. The maximum value of Z =2 — 3y subjectto —1<y<2, <2, and z—y> -2 is

(A) none of (B) - (E) (B) 8

Z—(—-g)~|): ~3+3=0

Z(o0,2): O-6=-0

2 (2,2)= 2-¢= -4

Zz [2,-0)= 243=(5) =z




4. Let r be a real constant. The system of equations z — 2y =3 has a unique solution
3z+y=3
z— 9y =r?
A) for all values of r (B) only whenr =0 (C) only when r = +1
@ only when r = £3 (E) for no values of r

| -2 2 t -2} 3 | -2| 3
2 M 3 . O 1|-b |~ [0 7} |-0b
| -9 e O -F | rx3 © O |«

a=r"=% must = Soor= 22

5. Suppose M and G are 2 x 2 matrices such that G2 = M. Consider the following mathematical
statements:

X () I M=0then G=0 V(i) MG=GM
A (iii) All entries in M are > 0 l/(iv) If G is invertible, then M is also invertible.
Exactly how many of these statements are always true?

(A) 0 (B) 1 (C) 9 (D
oo A(' o -
U) (:o,)(g)p)-’—(oo |n) ( "'(o q?)
@ 6 A e m
) MG= alg - Ga=aM (1Y) dd(@) 40 =b det(M) 40

6. Let Z = ax+by where a and b are non-zero constants. Let R be the feasible region consisting
of all points in and on the triangle with corner points (0,0), (1, 3), and (3,3). Which one of
the following statements gives the greatest amount of correct information about Z and R 7

A
B

4 (A) Z has a maximum value at some corner point of R

¥ (B)

v (C) There exists a and b such that Z is maximized at every point on some edge of R
X (D)
a

The minimum value of Z must occur at (0,0)

D) (A) and (B) are true, but (C) is false @(A) and (C) are true, but (B) is false
F) (A), (B), and (C) are true

_ fjﬁ- (“3) (3;3)
(A) 4 bj FTLP 3

(B)x censider Z=x-Y
(C)l/ consider 2= X- (3'

CO)°>

(Be sure you have printed the Multiple Choice answers in the boxes on page 2)



Part B - Full Solution Problem Solving

1. For each system of equations below, use the method of reduction to find the solution or

determine that it is inconsistent. If a system is consistent, show the reduced form of its
augmented matrix.

(a) z+3y+2=38 [6 points]
-3z +3y—3z=-6
—z+99y—2=12
l 2 19 > The %m\ row Cor\fQSfov\CQ$
- -3| -b
: 0\3 |3 12 lo the e%\w&‘\o'\f\
| - .
] O¥+ oYytoz=2 whick
13 1] 3 \
Rz+3Q|~’7Qq_ O 12 o|l\8 hos wo Solutien.
Ry Q|—5R3 o 12 O lLo Thus ‘he ‘S‘jS'\"-elM \/}OU‘:. Vto. +
C ‘ % ‘ 8 So\u-\-‘\ov\_ . 'IJF ?S lﬂCDKS\gl._-e_t,
O |12 O lS) —1
Ry~ ks \0 0 0l 2
(b) z1 — To + 0z3 + 524 =0 [8 points]
201 — 229 + 323+ 724 =0
321 — 329 + 623+ 924 =0
| -V o § & *\JYS are basic variables
2 -2 3 7 ¥, 20 5 %y=S ave free
3 -3 &6 9
( ‘)(‘ = %1_ = 6X‘f
| =) 05 .
R,-1R->R, [0 O 3-3 3 =74

S\/s—hm 'S consistent

,_5; | I+ \/\as- EV\‘Y"\ r\‘\'ire\j mMa v\\/
6 SoluYions,

The SsloRsms axe ot
I -y o 5 +he —porm .
o o | —|

— X
| 2
Redvced! | Yo

|, ¥q =

\]
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2. Find the maximum and minimum values of the function

ubject to the
constraints: —x+y <3, —z+6y<13, 5z —/y <22, r>=3, and y = —2.

v

v
Your solution should clearly show the feasible region, labeled corner points, the optimum

values of Z, and all point(s) where the optimum values occur. [18 points]
L\\V\eﬁ /e\ ] __¥+\}=_} /e;‘ : X’-;'—B
A, —-x+(¢a}=l3 /fs"j:’?—
Ay 0 Sx-y=22
LNLe  Sy= 0 D04y 2ay=3% |35 542000
e 352— , o ‘ﬁ=3 ,‘. '7(34'
ey v TXATE2 ) gt x4 1813 | punt (4,-2)
:a X':—‘ ’)(:-5
PO\\V\-\' <—‘)2‘) POLV\-\— (535)
PP A

(o.,o) satisties eack of Yhe Live
constroanis qiven.

. the -peas‘.ble regiion R
te non— ewmphy awno is The

Ly

UnS hodeol PO\SQ‘”\ PR
Witk comer fOL VUB @ — : ',2: 4=
. -t 1 1
A;‘B)C) D E 0&"\1*\'\6*\‘%\'\": / ’”—;// . ,
5 —~{4 _
Ris bonded , ag The E |52} aw

&Xa%fowvx cle arluk hows .,

-—

4y

v
%3 TP (Fuwol- Thwa »,ﬁ | snear ?mﬂ.>)

jﬁ‘l:j\tr 2Votvc\rs 0—‘} R ’
Z2(A) =15 2(D)= =40 (%)
2(8)= 25  Z(g)=-5¢
ZLC)= 5

eol on K ond we need 0“\\3 leoh@

r/"\ow £= 25

@ _B(—-l,z)
Min 2= —40
@ D (4,-2)

J




0 0 -1 L @ : _
3. In all of this questionlet A=|1 0 -1 I_ — A = =1 = C
0 -1 1 o+ 0

(a) Find (I—A)™" where I is the 3 x 3 identity matrix. Show all work and correct notation

for your row operations. [10 points]
‘ 1] teo  |h ~'h '}
(C — ‘Q."}Qg”'ﬂ' ol 0 |o o |
) iy, =t
l ot |1 oo gic Yo ' h
S Isiy lloyv o0 H—V,:m
o1 0|oo | I c
é ) - llz "/2 '/2
loy | teo ’ @-"ﬁ); 6 O ]
R ol Z t10 '/7_ '/2. —/2
Rl"'ﬁ\_\' 7 o\l O o0 '
C [ & | "9‘?
iz e
& [[ o\ !oo}
o10|0oe°l
RB—R,_-"RS ooz2)11-1] |
G [%”'gﬁ
1 R — R ° ? $ -
2 "3 300 | 77 2
4
(b) Solve the matrix equation X = AX + B where B = 2] [6 points]
-8

TX= AX+ B

—+ Jx-AX = B

(I-2)¥= B
- ' —'h Vo [4 ] }i" 5]
g = - A = o > = | =8
‘ X Cl ) B 77, "L ""l"z_ ~3 7

;o' The soluhion do The
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4. A contractor builds and sells three types of houses represented symbolically as:

h; = "bungalow”, hy = ”sidesplit”, hz = ”ranch”. The contractor builds and sells these
house types in five cities: c,.. ., cs.

Consider the 5 x 3 "revenue matrix” R = [R; ;] where

R; ; = the contractor’s revenue in $100 thousands from selling house type k; in city ¢;.

For example, if the revenue from selling a "ranch” in city ¢, is $759,000 then Ry 3 = 7.59

(a) State the matrices C' and @ such that: [5 points]

(i) the entries in the product RQ” are, for each city, the average revenue over the three
house types and

(ii) the entries in C'R are, for each house type, the average revenue over the five cities.

For (V) RQT = & has 5756 |+ 3
C+3 %+| Q" 'l 1 ..L]
"[ 3 3 3

(Waccep'\n\a\t OMSWENS - 67-’«-‘3' [\ { lj

D{ Q _ 0(9;000 | ‘ 'j .TL\,TS %:V—es

He omite tn 267 1n $ 100,060 )
Foci) CR o Cof[t & 22 gg

_— b

145 S¢3 (mr C= 200001 1 1

(b) State the matrix B such that the entries in the product RB reflect all of the followmg
(i) hy prices increase by 4% in each of the five cities.
(ii) he prices remain unchanged.
(iii) hg prices decrease by 3% in each of the five cities. [3 points]

R B = Product as Stéf, 5«3,
5x3 3%3 reﬁ”"ed

.04 o0 O

B - o ) @

(o) O oqq-



Question 4 continued.

(c) In city ¢; the contractor hopes to build and sell z sidesplits (house type hs ) and y
ranches (house type hs). The actual construction (i.e building) cost for each sidesplit is
33% of its revenue in city ¢; and for each ranch is 35% of its revenue in city ¢;. The
builder can spend at most $10 million to construct all of these two house types in city
¢; and desires a profit of at least $12 million for selling these two house types in city c;.
Give the system of four linear inequalities that describe this situation.

Recall that Profit = Revenue - Cost. [6 points]
Kevenue in C o h, T TZ,,,_
W 2 C\ O'P »\3 vS R 1y 3

Tn vnite of d1e0,000 | { 1omi)lion — 160
§ )2 — 120

§45+em o_(l tnezua\E-H-eS Ts
(cost) 338 ,% + 35 R,,gg} < 100
(Yro;-\rﬂ X Q,,ZX 4+ 65§ RHB lg( a 120

(won-neq ) X220 Y420 oo
5. (a) How many matrices of the form P = [ (11 e }, where a and ¢ are natural numbers,

? _é} 7 Sufficiently justify

your solution. [7 points]

(o 2o « a—5
PQ=L|_C]['_ ] [2—-c I+« 5S¢ |

2o « | 2—c )
Ar= (T—S][‘ —:l [ -5 |+ Sc |

L

have the commuting property PQ = QP where Q = [

To hove PG=@P,we need a-5:= 2—-¢
Szt -c where a,ce{\,z.z,----}
lpok ot +he ?oss‘ i hes G
¢ z > 4 5 6 Answer

4 2 )
o & O 95 Tnere are

€ modrices




Question 5 continued.

(b) Let n > 3 and let A be a 2n x 2n matrix such that for each row:
(the sum of the entries in the odd numbered columns) *)
= (the sum of the entries in the even numbered columns). (

Show that A is not invertible. [5 points]

Consider Fhe \Aomood_eneaus 545t
AY> O W here

O to the (Any 1] O-matrix  awd
N s Yhe (An) ¥\ voriakle wotrix

Lt B - (_’Dh—l W here
\ T 1s even
)D}\: {-—\ Eo s colol
% s N (QV\)‘F\ YV\O\,'\'Y“\lK OW\O( \OOks L‘,LQ

3 | We have thot AB=0
becavoe O‘F P”’W\\i’] C'%)

. +he \r\omeg—emous gtacaw 5 =1

\/\0,5 . wnew— «"H\/TOL\ 5olu-'l'1‘6V\ A namelx @

T\ATS CM‘JJX—eS A Qawwo+ be tm/ﬂ‘}—?lale,
7.
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