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Provide the following information:

SOLUOTONS

(Print) Surname:

(Print) Given Name(s): (S%—O—HS% cS o 4 Paﬂ‘e— | ) /)

Student Number:

Signature:

Tutorial Number (e.g. TUT0033):

Carefully circle the name of your Teaching Assistant:

Yuri CHER Allan MENEZES Vitaly KUZNETSOV

Carefully 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. Full points are awarded for Part B solutions only if they are correct, complete, and sufficiently
display concepts and methods of MATA33.

4. You may use one standard hand-held calculator (graphing facility is permitted), but it cannot
be able to perform any kind of matrix manipulations, differentiation, or integration. 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.



Print letters for the Multiple Choice questions in these boxes.
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Do not write anything in the boxes below.
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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 3 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.
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2. If A and B are as in Question 1 and C = [ i } then the value of det(AB + AC) is
(E)

(A) 10 (B) -8 (D) 40
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E) none of (A) - (D)

3. The maximum value of Z = 3z — y subject to the inequalities 0 <y <2, = <2, and
y<z+2is

(A) —2




4. Exactly how many of the following five properties are mathematically equivalent to the state-
ment: For a 3 x 3 matrix A, det(A)#0 7

() The trivial solution is a solution to the matrix equation AX = 0.

(1) A has an inverse. K (iit) CA = AC for some 3 x 3 matrix C.

(i) det(A?%) > 0. I/(v) The reduced form of A is the 3 x 3 identity matrix.
(
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5. Let H = [hyj] be the 8 x 8 lower triangular matrix where h;; = %+ 3j% — 5 for all i > j. The
smallest element in H is

(A) -3 (B) —2 (D) 0 (E) none of (A) - (D)

}\-- s %Ma\\%*' when { ow\ol& ave %Ma\\es+.
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6. If P and @) are 3x3 matrices such that det(P) = —2 and det(Q)) =4 then det( et(Q) P) = D

equals

(A) -16 (B) —64 (C) —4 (D) -1  (E) a number not in (A) - (D)

0= Aﬁ*(% P): M(QP)-—/QB&U\'(P):—?’[]Z)

7. Let R represent the region consisting of all points within and on the edges of the triangle

whose vertices are (0,0), (0,1), and (2,0). Let Z =z +by where b <0 is a real constant.
Consider the following assertions:

Z is minimized at the point (0, 0) only.

X
)( (i) Z is minimized at every point on some edge of R.
v (iii) Z is maximized at the point (2,0) only.

v

iv) Z is minimized at the point (0,1) only.

Which one of the following must be true ?
(A) (i) and (ii) @ (iii) and (iv) (C) (ii) and (iii) (D) (iv)

(E) we cannot determine the truth of any of the statements above because the exact value
of the constant b is not known.

(Be sure you have printed the Multiple Choice answers in the boxes on page 2)
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Part B - Full Solution Problem Solving

2 4 =2
1. Find the inverse of the matrix A = ( —4 —6 1 )

3 5 -1
and check your answer by multiplication. [11 points]
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2. For each of the following systems of linear equations, use the method of reduction to find the
solution or determine that the system is inconsistent. If the system is consistent, be sure to
display the reduced form of its augmented matrix.

(a) 2r+y+32=0
z—y+2z=0
—z—y+4z=0 [7 points]
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(b) 1 + 2$2 - 5.’133 + 6.’134 + 14135 =20
2x1 + 425 — 923 + 1224 + 29z5 =41
—z; — 2x9 + 523 — 514 — 1225 = —20 [8 points]
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3. Find the maximum and minimum values (and where they occur) for the objective function
Z = —2z 4+ 8y subject to the five constraints:

z—4y+152>0, <5, z—2y <5, z+3y >0, y <Az

(To earn full points, your solution must include a neat, labeled diagram of the feasible ezt
the location of all point(s) where Z is optimized, and all calculations/justifications)
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4. An company manufactures four different models of desk lamps M;, M, Mz, My in three
separate locations L, Ly, Ls. The manufacturing data is stored in the matrix

320 280 460 280
A=lay]=| 480 360 580 O
540 420 200 880

where a;; = the number of model M; produced in location L; in April 2012.

(a) State the matrices P, @, and R such that [7 points]

(i) the entries in APT give the sum of the manufacturing outputs at each of the three
locations in April 2012.

A PT.’. Pis 144 'P;[\ | i]

3¥4 A\ awl "adde”

(ii) the entries in QA give the average manufacturing output of each of the four models
in April 2012.

QA A . Qis k3 R
N3 3v4  qud qives Q [ = B =
Ou/@/aﬁe

(i) the entry in RAPT is the total production of all models in all locations in April
2012.

R A PT

N3 3x4 44l R-[ v 1\
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(b) The output in May 2012 compared to April 2012 saw a 5% increase in production of
all models at location L, ; no change at location Ls ; and a 10% decrease in all model
production at location Ls. Find the matrix C such that CA shows all of the May
2012 production. Find the matrix D so that the matrix A + D also shows all May
2012 production.

[5 points]
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5. Let R represent the feasible region defined by the three inequalities:
y<z+2, r+y 22, y>z—2.

Let a > 0 be a real constant and consider an objective function of the form Z = az + 2ay .
Show that Z does not have a maximum on R but does have a minimum on R. Find where

the minimum occurs and its value. Full points are awarded only if your solution shows a good
[11 points]

sketch of R and sufficient justification and detail.
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6. (a) Suppose your annual income is A dollars. An amount of z dollars is paid in federal
income tax and y dollars is paid in provincial income tax. The federal tax amount is
1/3 of the portion of your income remaining after the provincial tax has been paid. The
provincial amount is 2/9 of the portion of your income remaining after the federal tax
has been paid. Find the actual percentage of your income that is paid in federal tax and
paid in provincial tax.

We have equations %= 3(A-3)
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(b) Let W be an arbitrary n x n matrix, n > 2, and let U = WW?7. If the diagonal entries
in U are all 0, show that W = 0. [6 points]
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