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Instructions

. This test has 10 numbered pages. It is your responsibility to check at the beginning of the

test that all of these pages are included.

page or the last page, and clearly indicate the location of your continuing work.

3. Make your answers correct and complete and show all of your work.

Answer all questions in the work space provided. If you need extra space, use the back of a

. The following are forbidden at your workspace during any part of the test: calculators, smart
phones, tablet devices, any kind of electronic transmission or receiving device, electronic
dictionaries, extra paper, textbooks, notes, opaque (i.e. non-see through) pen/pencil cases,
or food. You may have one drink, but it cannot be in a paper cup or box.

. You are encouraged to write your test in pen or other ink, not pencil. If any portion of your
test is written in pencil, your entire test will be denied any re-grading privilege.
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Do not write anything in the boxes below

Info 1 2 3 4 9 6 7 TOTAL

2 10 15 21 14 12 16 10 100

Questions begin here. Put your solutions and rough work in the answer spaces provided.
Full-marks are awarded for answers that are correct, complete, and display a sufficient amount of
relevant concepts from MATA33.

1. Use the method of reduction to find the solution to the linear system
L1+ Ty — 223+ 034 —z5 = 2
-1 —To+2x3—3z4+z5 =4
021 +0zp + 23+ T4+ 25 = —1 [10 marks]
(Be sure to state the reduced form of the augmented matrix and show all ERO notation)
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2. In all of this questionlet A=| 2 5 3 |.
108

(a) Find det(A) by row or column expansion. [4 marks]
Suprocting along row 343 [
i __ +( -
d,e_,JrLA)—_-(n(—wH?’c\ﬁ(ss )+ @)(=) A 2-5>
- (—-15 + 3(5-4)

= —94 « % = —|
(b) Find det(A) using row operations to transform A to a triangular matrix. [3 marks]
: | 23 I 2 3 | 2 3
ded (A | 253 lo -3 _ |61 -3
| 0% O-% B o O -~
= (M (~) = —)
(c) Find A~). You need not show any ERO notation. [8 marks]
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3. In all of this question let R be the feasible region that is given by the five constraints:

(a)

‘ XY= 6

((’)0) > (5)"\)

z2-1, z-y<6, -—-z+y<3, Sr+dy<3y, y> -1

Find the maximum and minimum values of the linear objective function Z = 5z + 2y
where (z,y) € R.

(To earn full points, your solution must include a neat, labeled diagram of the feasible
region R, and all calculations/justifications. Therg is some extra answer space to this
Part (a) at the top of the next page.) \ \

[15 marks]
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Z = S5+ Qﬁa

Question 3 continues. ,
bso lu.k Moy
Z(A) = °% .

cad -t | 376 D)
Z(B) = - -
Z2(c) = 15+ 1% =27 | Absolute Man

2(D) = 35+ % 7 3F | 1o @ A=bV

:l(g‘): ﬂsf"ol = L2232

(b} Let S be the set of points for which the objective function Z has value 10. Clearly
indicate the set S in your diagram of R that you drew in Part (a). [2 marks]
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(¢) Find the two linear objective functions Z; and Z, that both have an absolute maximum
value of 33 at infinitely many points in R. [4 marks]
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) Find the matrix D where D = 3A(BT). [3 marks]
PR 36 4%
3( Y 4 4 =2 34 40 )= |02 |2¢
[4 marks]

(b) Express the columns of D as linear combinations of the columns of A.
36 3 1\ /43 ( 3) | )
(lo‘l): 3(,_’,)—&51‘)'(3) (17_0):\9_ 3 )t 1 2

(c) Find the matrix Q such that AQ = B. [4 marks]

i
2
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T2l 5 -5 - ey

(d) Find a matrix C whose square is B, or show that there is no such matrix C. [3 marks]
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in fund B is 40% of that portion left after the amount ,?f investment in A only has been made.
ths
The amount invested in fund A is the fraction ( 157)

of investment in B only has been made.

5. A total of $1, 000 is invested amongst three separate funds: A, B, and C. The amount invested
of that portion left after the amount

(a) State a system of three linear equations in three variables with integer coefficients that
represents the investment problem above. [6 marks]
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2= A\ 0 "C '}(-{-%%2'—' (00O
( alln $) 2x t 5Y =; 2090

Fcn’ Y‘G-V}‘)(%) gajs \q.?(-\-glj = 5900

gn 6‘\’-&'\/\

YW= = ( tooo ~ ¥ ) —
-‘\str 000 ~ ) ( CoebPrscds are enfeqers ).

(b) Use the method of reduction to solve your system in Part (a) and state how much is
invested in each of the three funds. (You need not show ERO notation and you need not
produce the complete rref of the coefficient matrix in order to earn full marks.)
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6. A factory makes two kinds of products, A and B. For a given work shift, each unit of A
requires 4 hours of electronic work and 2 hours of assembly, and each unit of B requires 3
hours of electronic work and 1 hour of assembly. For each shift, there is a maximum of 240
hours of electronic work time available and 100 hours of assembly time available. Each unit
of A earns a profit of $7 and each unit of B earns a profit of $5.

(a) Use methods of linear programming to find how many of A and B should be made per

shift in order to maximize the total profit and satisfy all of the conditions above. What
is the maximum profit? [12 marks]
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(b) If the unit profit for A and B both increase by $1 per unit, what (integer) numbers of A
and B should be made per shift in order to maximize total profit? [4 marks]
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7. In all of this question let A be an n X n matrix, n > 2, such that A=A

() An n X n matrix M is called an idempotent if and only if M? = M. Show that the
1 o
matrix 3 (A + 1 ) is an idempotent. [5 marks]
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(b} Consider the matrix equation AX = B where X is an n x 1 matrix of variables and B
is an n X 1 matrix of constants. If we assume all of the entries in A and B are integers
only, show that the solution matrix X must have all of its entries as integers only.

(Hint: Cramer’s rule) [5 marks]
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