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Question 1

An aircraft obstruction lighting company produces two products: LED high intensity
obstruction lights and LED medium intensity obstruction lights. The contribution to
profit that can be obtained is £25 per unit from LED high intensity obstruction lights,
and £35 per unit from LED medium intensity obstruction lights. The factory employs
200 skilled workers and 150 unskilled workers, and they work a 40 hour week. »The
time required to produce 1 unit of LED high intensity obstruction lights:is 6 skilled
hours and 4 unskilled hours, whilst for 1 unit of LED medium intensity obstruction
lights is 5 skilled hours and 7 unskilled hours.

Required:

a) Arrange the given information into tabular form.
(5 Marks)

b) Translate the problem into a linear programming one, identifying and
writing down the objective function and the constraints.
(3 marks)

c) Use the algebraic method to calculate how many units of product X and
Y would be produced to maximise profitability.

(7 marks)

d) Plot the inequalities on a graph and identify the feasible region.

(10 marks)

(Total 25 marks)

End of question 1
Questions continue over the page
Please turn the page
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Question 2
Sean’s machine parts Ltd sell a wide variety of equipment, including valves. The

quarterly management accounts for recent quarters show that the following numbers
of valves were sold in the four quarters (seasons) of the year:

Quarter 1 Quarter 2 Quarter 3 Quarter 4

2020 500 260 310 580
2021 550 300 350 620
2022 580 340 410 660
2023 610 380 440 690

Required:

a) Use a 4-point moving average to analyse the data to show the trend.
(10 marks)

b) Calculate the seasonal variations from the trend.

(7 marks)

c) Use the data to forecast the sales for each quarter of 2024.

(8 marks)

(Total 25 marks)

End of question 2
Questions continue over the page
Please turn the page
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Question 3

The Table below shows the age of a sample of 40 patients on a covid-19 ward:

27 54 38 62 21 S7 48 33

37 30 55 35 64 32 54 46

62 42 22 57 28 51 26 37

20 66 46 52 41 39 43 53

32 41 56 39 26 39 62 36

Required:

a)

b)

Produce a grouped frequency distribution (GFD) table for this data.
(5 marks)

Draw a histogram of the grouped-frequency distribution, and on the
same graph calculate the mode salary.

(5 marks)
From the GFD calculate the mean deviation

(5 marks)
From-the GFD calculate the mean age.

(5 marks)

Calculate the corresponding variance and standard deviation.
(5 marks)

(Total 25 marks)

End of question 3
Questions continue over the page
Please turn the page
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Question 4

A new piece of Al equipment has been installed and some of the employees are
having difficulty logging on to it. A technician has given them some training and the
problems encountered during the practice session are recorded. These data result in
the following probabilities:

An employee has a 0.9 probability of logging on successfully at their first attempt. If
they are successful at any time, the same probability applies on their next two
attempts.

If they are not successful at any time, they lose confidence and‘'the probability of
succeeding on any subsequent attempt is only 0.5.

Required:
Use a tree diagram to find the probabilities that:

a) They are successful on all their first three attempts.

(5 marks)
b) They fail at the first attempt but succeed on the next two.

(5 marks)
c) They are successful just once in three attempts.

(5 marks)
d) They fail'just once in three attempts.

(5 marks)
e). They are still not successful after the third attempt.

(5 marks)

(Total 25 marks)

END OF QUESTIONS

PLEASE TURN OVER FOR FORMULAE
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STATISTICAL FORMULAE

FREQUENCY DISTRIBUTIONS x:
B

Required fractile from a GFD = Lower class limit of fractile class +

Fractile item — cumulative frequency rac
up to lower class limit of fractile class = class
Fractile class frequency interval

Ll

sum of values X

Mean = i

total number of items 1

_ Z(fx MP)

with GFD: x=—— MF = class MiddPoint
X
Range = Highest value — Lowest value
Quartile deviation = (Q; - ;)12
Z(x~-X)

Mean deviation = ign of (x— ust be ignored

with GFD: DM.D.=

EJ [Z{f x MP?) . f{[
=f

s
vefficient of variation =—x 100
X

3
Variance: s

3 {(Mean — Median)
Standard Deviation

Pearson’s Coefficient of Skewness (Sk) =

Formulae continues over the page
Please turn the page
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nx LXy— LX X Ly a=2:f—b><2x
N n

here b n = number of phirs
W

CORRELATION 0
Regression line of “y on X" y=a+bx x

Regression line of “xony”™: x=a+ by

nx Tyx— 2y X IX _ Xx-bxly
S
Pearson product-moment Coefficient of Correlation (r)
nx TXy— 2% X Ly
F*l'((_nx T - X)) (ax Ty - )

Coefficient of determination P=byxb r = by % by
Tx-Xy-¥ r = Cov (x,¥)
Covariance: Cov (X,y) = _—n__ & 250
6xd*
Spearman’s Coefficient of Rank Corfelation: ¥ =1l= @D
where d =the the rankings of the same item in each series

prob. of a sequential event is the product of all its elementary events
PANBNCn..)=PA)x P(B) x P(C) ...

sthe prob. of one of a number of mutually exclusive events occurring is the sum of the
f the events P(XuYuZu...]=P(X)+P{Y)+P(Z)...

P(E) x P(S| E)
TiP(E:) x P(S|E))

Q : ’ where S is the subsequent event and there are n prior events, E.

s’ Theorem P(E | 8)=

Formulae continues over the page
Please turn the page
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PROBABILITY DISTRIBUTIONS

Binomial distribution P(x)= (:) g where p= constant probability of a sueces
g =1 — p = probability of e
Mean = np

Standard deviation

Poisson distribution Pix)=e* — where e=2.718 isac

x! Mean = a = np
Standard dewiati
a
Simplified Poisson Plx+1)=P(x) =
X+
e . X —H
Normal distribution: standardised value z=
&F
where grand o are the mean and standard deviation actuahdistribution

ESTIMATION & CONFIDENCE INTERVAL

o X 5 p—sample mean, standard devi

o 4 o, 7— population mean, standard d roportion/percentage

= Xisa point estimate of g
515 a point estimate of o
pis a point estimate o

Confidence intervals fo tion percentage or proportion
for a tage g=p+z[p(l=p) foraproportion
b L

: l@=100 — confidence leve]]

ion mean () when ois known

" {normal tables for z)

population mean () for large sample size and o unknown
x+zsiNn (normal tables for z)

ation of population mean () for small sample size and o inknown
M =xttsHn {t-tables for 1)

When using t-tables:

Confidence intervals for paired (dependent) data
My =X 1 s ny where 4" refers to the calculated differences

Formulae continues over the page
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FINANCIAL MATHEMATICS

. . i
Simple interest Ap=Pll14— xn
impie inderes (+lm¥)

il

Compound intesest « 4y P‘(T: - H‘;E

3 .- .8
: 7 - ; e
Effective APR ((1 +1M) 1) % 100%
Straight line depreciation 4, = p(1--% x ﬂ)
- E m_
Depreciation 4. = P(! - m)

;3 M
The foturevalue of an inidal investment 4, is given by 4 -An(‘[-{-ﬁ) and the

A w

preseat value of an accumulated investment .4, s piven by 4, =

i
i=" mn)
A (:I 50

Loan account

If a0 anouity is parchased for 2 sum of .4y at a mate of /% compounded cach period then

the periodic repayment s

idg

Es—erme
1={14dn

and ﬁgr«e&aﬁm of the annuity 4y (the loan) is

-1, . - Rl — (147
fa=FEx %—I}Tprnqutnlmﬂyﬁg=—[—-—{f—}j

Savings account |
A savings plafsioking fond iovested for w petiods at & nomina] rute of /%% compounded
each period with a pedodic nvestment of £P matures to § where

. ™o
S=Pl+i= (%-—1)

Formulae continues over the page
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Table 1 Areas under the standard normal curve

in body of tsbte)
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Tabla 2 Parcentage polnts of the i-disiribution 0
/[\I},\
w3
" T i
Ons-tailed

Onetall a 5% 25% 1% 0.5%
Two talls o 10% 5% 2%

vl 6.31
2 282
: 3 235
4 4 213
-1 202
[ 1.04
7 1.89
g 1.88
k 9 1.83
i 10 1.81

! 268 3.05 853 43z
2.60 298 ars 407
253 285 3.55 285
248 2.80 3.47 375
245 275 3.39 365
2.42 2.70 3.3 355
239 2.56 323 346
233 258 T 309 3.29
Percentage pulﬁr,s of the standard normal curve
L'|
=

!

§ .. F;

i One-talled Two-tailed

i One tall 5% 2.5% 1% 0.5% 0.1% 0.05%

; | Two tails 10% 6% 2% 1% 0.2% 0.1%

i z 1.64 1.86 233 2.58 3.00 2.28

P S S Ve

END OF FORMULAE
END OF EXAM
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