
BEE1020

UNIVERSITY OF EXETER

SCHOOL OF BUSINESS AND ECONOMICS

Mock Exam April 2003

BASIC MATHEMATICAL ECONOMICS

Please submit your answers by Thursday, 1st May, in the reception.

Revision lectures:

Thursday May 1st, 8th, 15th, 12 a.m. — 1 a.m., room SC A

Revision classes:

MondayMay 5th, 12th, 19th, 02 p.m. — 03 p.m., room SC E

WednesdayMay 7th, 14th, 21st, 11 p.m. — 12 p.m., room SC E

Answer all five sections A through E. There are more than 60 marks (thus more than

two hours) worth of questions in total. However, if you earn more than 60 marks, your

score shall be rounded down to 60.

You are welcome to consult any material, including lecture notes, formula books, calcu-

lators with any extended functions, and dictionaries of any sort. However, full work

must be shown on your script. Please write legibly.



Section A (Arithmetics)

In this section only, you need not necessarily write the full work but may write down

the final results only. Each question is worth the number of marks indicated. However, if

you earn more than 8 marks, your score shall be rounded down to 8.

Question A1. (6 marks) Compute the following.

(Caution : You are advised not to convert fractions and square roots into decimals. Any

decimal approximation that is even slightly off the true value, shall earn no credit even if

its precision is up to hundreds of decimal places.)

A1.i. (1 mark) 10− 3 ((3− 12)− (1− 6))

A1.ii. (1 mark)
3
4
− 2

3
1
3
− 1

2

A1.iii. (1 mark) 5 +
³√
3−√10

´ ³
−√3−√10

´
A1.iv. (1 mark)

5−4

5−2

A1.v. (1 mark)
−15

2× (5)− 3
2

1√
55

A1.vi. (1 mark)
µ
3
3

8

¶ 2
3

Question A2. (4 marks) Simplify the following.

A2.i. (1 mark)

√
x4 − 9√
x2 + 3

A2.ii. (1 mark)
3

s
103x

53x

A2.iii. (1 mark)
(xy3z)

2

(xyz)3

A2.iv. (1 mark)
xα−1yβ

xαyβ−1
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Section B (Calculus)

Your script must show the full work pertaining to the following questions B1 through

B5 unless otherwise specified. Each question is worth the number of marks indicated.

However, if you earn more than 12 marks, your score shall be rounded down to 12.

Question B1. (6 marks) Find all partial derivatives of the following functions.

B1.i. (2 marks) z = 5x3y2 − 3x2y2 + 10x− 3y3 + 5

B1.ii. (2 marks) z = x+1
x−1 − y (ln (y)− 1)

B1.iii. (2 marks) z = x
√
1− y2

Question B2. (6 marks) Evaluate the integrals

B2.i. (2 marks)
Z µ

1

x3
+
1

x2
+
1

x

¶
dx

B2.ii. (2 marks)
Z ³
x3 − 4

´
dx

B2.iii. (2 marks)
Z 3

−1

³
x3 − 4

´
dx

Question B3. (6 marks)

B3.i. (2 marks) Use logarithmic differentiation to find the derivative of the function

y = (2x+ 2)−5 (x+ 2)
7
2 .

B3.ii. (2 marks) Use the substitution u = 1− 2x to integrate
Z
6e1−2xdx .

B3.iii. (2 marks) Use integration by parts to evaluate
Z
(1× lnx) dx .

Question B4. (4 marks)

B4.i. (2 marks) Factorize the function f (x) = x3 + x2 − 6x. Use a sign diagram to

determine where the function is positive-valued and where it is negative-valued.

B4.ii. (2 marks) Use integration to determine the area to the right of the vertical axis

which is below the horizontal axis and above the graph of the function.
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Question B5. (4 marks)

B5.i. (2 marks) Find the Lagrangian approach to maximize

z = f (x, y) = (x− 5)2 + (y − 5)2

subject to the constraint

3x+ 2y = 6.

B5.ii. (2 marks) Is the function

z = f (x, y) = 2x2 − 2xy + 5y2

convex, concave or saddle-shaped?

Section C (Economic Applications of Calculus)

Your script must show the full work pertaining to the following questions C1 through

C3 unless otherwise specified. Each question is worth the number of marks indicated.

However, if you earn more than 12 marks, your score shall be rounded down to 12.

Question C1. (7 marks) A consumer has the following utility when he consumes x

units of apples and y units of oranges:

u (x, y) = −x2 + 4x− y2 + 16y

Suppose the consumer has a budget of $3.20 to be spend on oranges and apples. Each

apple and each orange costs $0.40. Use the method of Lagrange to find the optimal

consumption bundle:

C1.i. (2 marks) Write down the budget constraint and the Lagrangian.

C1.ii. (3 marks) Write down the first-order conditions for a critical point for the

Lagrangian. Find a condition for a critical point that does not involve the Lagrange

multiplier.

C1.ii. (2 marks) Use the latter condition and the budget constraint to find a candidate

for the optimum. (One can show that it is indeed the optimum.)
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Question C2. (12 marks) A monopolist sells the same commodity in two countries, A

and B. When he sells the commodity at the price p in country A the quantity demanded

in country A will be

x = 40− p
When he sells the commodity at the price q in country B the quantity demanded in

country B will be

y = 60− 2q
When he produces on total x + y units for the two countries his total production costs

will be
1

2
(x+ y)2

C2.i. (2 marks) Express the total revenue from sales in the two countries in terms of

the variables x, y, p, q. Then, using the demand functions express total revenue as a

function TR (p, q) of the prices only.

C2.ii. (3 marks) Assuming that he sells what he is producing, express total production

costs as a function TC (p, q) of the prices only.

C2.iii. (2 marks) Find a critical point of the profit function.

C2.iv. (2 marks) Use second partial derivatives and the Hessian matrix to show that

the critical point is a relative profit maximum.

C2.v. (3 mark) How much is demanded in each country at the profit maximum?

Calculate the demand elasticity ∂y
∂q
q
y
in the second country at the price set in the

profit optimum. Is demand there elastic or inelastic or none of both?

Question C3. (6 marks) Demand and supply in a competitive market are given by the

functions

Qd = 15− P
Qs = Qs = P + P 2

C3.i. (2 marks) Sketch the demand and the supply function in one graph.

C3.ii. (2 marks) Determine the equilibrium price and the quantity exchanged in

equilibrium.

C3.iii. (2 marks) Determine consumer- and producer surplus in equilibrium.
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Section D (Linear Algebra)

Your script must show the full work pertaining to the following questions D1 through

D4 unless otherwise specified. Each question is worth the number of marks indicated.

However, if you earn more than 12 marks, your score shall be rounded down to 12.

Question D1. (6 marks) Consider the the matrices

A =


1 2

4 3

5 6

 B =


1 0

0 1

0 1

1 0

 C =


1 0 0

0 1 0

0 0 0

1 1 1



D1.i. (3 marks) Which of the following products exist? ABC, AB0C, AB0C 0, B0CA

D1.ii. (4 marks) Evaluate the products in a) when they exist.

Question D2. (6 marks) Use matrix algebra to find the solution of the simultaneous

system of equations

3x+ 5y = 7

7x− 13y = 2

Express your solution using fractions, not decimal numbers.

Question D3. (9 marks) Calculate the inverse of the matrix

A =


0 1 2

1 0 1

2 1 0


and use this information to solve the linear simultaneous system of equations

y + 2z = 4

x+ z = 4

2x+ y = 8
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Question D4. (9 marks) Consider the matrix

P =

 −35 4
5

4
5

3
5

 .

D4.i. (3 marks) Calculate P 2. What is the inverse of P? What is the determinant?

D4.ii. (3 marks) Draw the six vectors

~a =

 1
2

 , ~b =
 3
1

 , ~c =
 2
−1


P~a, P~b and P~c on graph paper. What is the geometric interpretation of the mapping

from any vector ~x to the vector P~x?

D4.iii. (3 marks) Show that for any two vectors

~x =

 a
b

 , ~y =
 c
d


that (P~x)0 (P~y) = ~x0~y.

Section E (Surprise Questions)

Your script must show the full work pertaining to the following questions E1 through

E4 unless otherwise specified. Each question is worth the number of marks indicated.

Your score from this section shall be fully credited insofar as your total score from this

exam does not exceed 60.

(BEE1020 Mock Exam April 2003) (End of paper.)

7


