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Section A: Pure Mathematics [35 marks]

The curve C has equation y = 2%

x—3
(i)  Sketch the graph of C, stating the exact coordinates of the points of intersection with the
axes and the equations of the asymptotes.
(ii) . Find the set of values of & for which C and the line y = kx—1, where k& > 0, have two
distinct points of intersection.

The diagram shows a rectangular box with breadth and height given by x c¢m and y cm
respectively. A piece of wire, P cm long, is used to make the twelve edges of the rectangular
box. Given that the box has a fixed volume of 24000 cm? and its length is twice its breadth,

ycm
xcm
48 000
(i) showthat P=12x+—s—,
x
(i) find, as x varies, the stationary value of P and determine if this value is a maximum or a

minimum.

(a) Differentiate ln( 20x

m ) with respect to x, where 0 <x <10.
-X

b) Find —d ! and hence evaluate __1_7.__
( ) 2 2
1+x7 O (1+x7)

1

) « o1
(¢) Find the exact value of constant a, where a # 0, such that J] (e +—)dx =——.
X a

The diagram shows the curve C with the equation y =~/2k — x . where k is a constant. and the
straight line L passing through the points 4 and B. The curve C and the line Z both meet the
x-axis at A(2k, 0) and the y-axis at B(0, k).

&y

B(0, k)

A(2k, 0)

1
(i)  Show that the equation of line L is given by y = ~5x*k

(i) Find, in terms of £, the area of the region bounded by C and L.

Areaof D 4 . . .
ArcaofE 3 where D is the region bounded
by the curve y = \/2k—x and the x- and y-axes. and £ is the region bounded by L and
the x- and y-axes.

(iii) Hence, or otherwise, find the value of k if

3]
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(i)  Sketch the graph of curve C with equation y=e3'2"+7x—7 , Stating the exact

coordinates of the points of intersection with the y-axis. [2]
(ii) Given that the gradient of tangent to C at the point 4 is 5, show that the x-coordinate of

3
Ais 3. 2
(iii) Find the equation of the normal to C at 4. [3]
The normal to C at A meets the y-axis at B.
(iv) Find the length of 4B. 2]
Section B: Statistics [60 marks]
A fast food company MadRonald has 9000 employees in Singapore. For each employee, the
mode of transport to work is either public transport or privately owned vehicle. The number

of employees using each mode of transport are recorded according to age in years, and the
data is summarised as follows.

Public Transport | Privately Owned Vehicle
Under 30 years 2000 400
30-65 years 1500 2500
Over 65 years 1000 1600

The Chief Executive Officer would-like to investigate the travelling time to work of his
employees. He decides to obtain a random sample of 200 employees.

(i)  Describe how he might obtain a stratified sample, identifying the strata and finding the
size of the sample taken from each strata. {3}

His assistant suggested using systematic sampling to obtain the sample of 200 employees.

(ii)  State, with a reason, which sampling method is more suitable in this context. {1

Events 4 and B are such that P(A'm B') =0.25 and P(A4{Bi=P(B]| A) =03,

(i) Find P{(AUB). [1]
(ii) Show that P(4)=P(B). [1]
(iii) Hence or otherwise, find P (A) and P (A N B). 31

(iv) State, with a reason, whether 4 and B are independent. 1]



A coffee dispenser machine dispenses coffee in three cup sizes: small, regular and large. The
volume of coffee, in millilitres (ml), dispensed for the different cup sizes follow independent
normal distributions with means and standard deviations as given below:

Volume Dispensed

Mean (ml) Standard Deviation (ml)
Small 120 15
Regular 250 13
Large 350 k

(i) Calculate the probability that a randomly selected customer who bought a regular cup
of coffee from the machine, gets less than twice the volume of coffee in a random small
cup.

During a particular hour, it is noted that the number of cups of coffee sold through the
dispensing machine for small, regular and large cup sizes are three, four and five respectively.

(i) If the probability that the total volume dispensed by the machine during that particular
hour is not less than three litres is greater than 0.99, find the range of values of k.

“The average monthly household income, $ /, in thousands of dollars, and the average monthly
household expenditure, § E, in thousands of dollars, were recorded for a random sample of
nine households of a certain constituency. The results are given in the following table.

Household 1 2 3 4 5 6 7 8 9
! 08| 1.25 1 1501 2.00 3.00 | 3.40 | 4.00 6.30 | 8.35
E 043 | 1.00 | 1.69| 1.90 1.58 | 3.00 | 4.50 5.00 | 7.90

(i) Give a sketch of the scatter diagram for the data, as shown on your calculator.

(i}) Find the product moment correlation coefficient and comment on its value in the context
of the data.

(iii) Find the equations of the regression line of £ on 7, and the regression line of / on E.
Sketch both regression lines on your scatter diagram. indicating clearly the point of
intersection.

(iv) Use the appropriate regression line to estimate the average monthly household
expenditure whose average monthly household income is $5 000. Comment on the
reliability of your estimate.

(3]

[4]

2]
2]

141

[2]



10. Ata shooting practice, each shooter is required to fire five shots. The probability that a shooter

11.

achieves a successful shot i1s 0.48.

State, in context, an assumption needed for the number of successful shots achieved by a
random shooter to be well modelled by a binomial distribution.

(i)  Find the probability that a shooter achieves at least three successful shots.

In a marksmanship contest, each shooter is required to fire 50 shots. To obtain a
marksmanship badge, a shooter needs to achieve at least 30 successful shots.

(ii) By using a suitable approximation, find the probability that a shooter obtains a
marksmanship badge.

(iii) A random sample of N shooters is taken, where N is a large number. Given that the
probability that the average number of successful shots achieved by one random shooter
exceeds 23 is less than 0.998, find the largest possible value of V.

The National Library Board conducted a national poll on the time spent by teenagers reading
magazines. The results showed that the average time spent by a random teenager was 4.5
hours per week. A school principal thinks that his students spend more time reading

. magazines than this average. To test his hypothesis, he selects a random sample of 65 students

and the time spent reading magazines in a week by each student, x hours, are summarised by
Y(x—4.5)=21, Y (x-45) =85.

(i) Calculate the unbiased estimates of the population mean and variance.

(ii) Test, at 1% significance level, whether the principal’s hypothesis is true.
State, giving a reason, whether any assumption about the schoo! population is needed
in order for the test to be valid.

Another test is conducted using the same data as above and also at 1% level of significance
with the following hypotheses:

Null hypothesis: the population mean time spent on reading magazines by students
in a week is equal to g, hours.

Alternative hypothesis: the population mean time spent on reading magazines by
students in a week is less than 4, hours.

(iit) Given that the null hypothesis is rejected in favour of the alternative hypothesis, find
the range of possible values of 14 .

(1]
2]

3]

[4]

3]



12. At a carnival, Mr Lim plays a game which involves throwing darts to burst balloons which
may contain a winning ticket. The probability that Mr Lim successfully bursts a balloon in a
random throw is p. If he successfully bursts a balloon, there is a 10% chance that the balloon
contains a winning ticket. If he misses the balloons on his first try, he is given a second try.
The game ends when he successfully bursts a balloon or after his second try.

(i) Draw a tree diagram to represent the possible outcomes.
- The probability that Mr Lim obtains a winning ticket in a game 1s 0.05.

(il) Show that p =0.293, correct to three significant figures.

(iii) Given that Mr Lim obtains a winning ticket, find the probability that it is from his
second try.

(iv) Find the probability that Mr Lim misses all the balloons for two games.

(v) Ifeach game cost $1, find the optimum amount Mr Lim needs to spend in order to have
the highest chance of obtaining a winning ticket once.

~ END OF PAPER ~

(2]
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3]
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