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ANSWER ALL THE QUESTIONS

Question 1

Compound mterest arises in a transaction that extends over a period of time when interest due
at the end of a payment period 15 not paid but 1s added to the principal Thereafter the interest
also earns mterest, 1e 1t 15 compounded
The formula for compound nterest 15 as follows

A=PQ1+4+7) and I=A-P

where A 1s the amount which accrues when an 1mitial principal of P 1s invested at mterest rate
r per term for ¢ terms, and where I 15 the compound interest

11 For which value(s) of t 18 4 a hnear function of 7? (1)
12 For which value(s) of ¢ 1s A a nonhnear function of r? (1)
13 Determine dA/dr {1}
14 Derive an expression for ¢ m terms of A, P and r (3)

15 At what nterest rate per annum must money be invested 1if the accrued principal must
treble 1n ten years? (3)
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Question 2

The total cost T'(n) (in rand) of ordering, purchasing, and storing inventory for a year 1s given

by the cost equation

T(n) = 480000

where n 15 the order quantity per order

+ 12n + 146 400

21 Prove that the function T'(n) 1s convex over the interval (0, oc) (4)
22 Determine the optimal order quantity (Which n mummises T'(n)?) (2)

[6]
Question 3

Determine the optimal solution to the following nonhnear programming (NLP) problem
Maximise fl{zx)=1-¢""
subject to 1<z <3

Show your reasoning (6)
[6]

Question 4

Consider the cubic function f(x) = 23 ~ 922 4+ 15z 4 74

41 Determine the stationary points of the function f{z} and prove their nature (relative
mutimum or maxinum) by applying the second derivative test (9
42 Determine the inflection point(s) of the function f(z) (1)

43 Determine the interval(s) where the function f(z) 1s

431 decreasing

. (3)
432 convex
44 Calculate f(—1) en f(—3) From this, derive a meamingful starting interval for applying
the bisection algorithm in determinming a real root of the equation f(z) =0 (3)
45 Estimate an approximate integer value for a zero of f(z) (1)
46 Draw a graph of the function f{z) Clearly indicate the relative extrema and the inter-
cepts on both axes (4)
[21]
Question 5
Find the point on the parabola y = %:r2 that 1s closest to the pont (323, 1) on the Euchdean
plane {(z,y) (8)

(8]
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Question 6

The trapezoidal rule 15 given by

b n—1
| 1e)ds = i@+ 501 40 Y 1z,
a t=1

where the interval [a,b] 15 divided nto n subintervals [z,, 7,41] of width b = (b ~ a)/n, with
ro=aand z, =0

Estimate the area under the curve

flz)=V3z+ 1

on the mterval [1,5] to three decimal places, by applymng the trapezoidal rule with n = 2
intervals

By how mnch does the estimate differ from the actual area? (8)
(8]

(Question 7

Consider the following nonlimear progranmuning (NLP) problem

Minimse f{z,y) = — + — -+ zy
Y

subject to = > 3,y > 2

71 Calculate the objective function value for the pomnt (10, 10) (1)
72 Is the point (1, 1) a feasible solution to the NLP problem? Substantiate your answer (1)
73 The Kuhn-Tucker necessary conditions for this NLP problem are as follows

(1) =50z 24+y-XA =0

(2) 20y 24z-X=0

{3) ME=3-z)=0
{4) A(—2~-y) =0
(5) AA2 20

Verify whether the point (5, 2) satisfies

731 the Kuhn-Tucker necessary conditions
7 3 2 the Kuhn-Tucker suthaent conditions

What conclusion about optimality can you draw from this? {(7)
9]
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Use the method of Lagrange multipliers to solve the following nonhnear programming (NLP)

problem
Minimise f(z,9) = 222 + 3% + 2 ~ 9y -+ 16

subject to z4+y=25
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(13)
[13]
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