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A curve has equation y = f(x), where
f(r)f V8x+1 for0<x<3,
) 11-2x for3<x<5,
and f(x):f(fo) for all real values of x.

(iy Sketchthe curve for —2<x<8. 2]

(if)  On a scparate diagram, sketch the curve with equation y =1 (%x - l} for -2<x<8. 2]

Referred to the origin O, points A and B have position vectors a and b respectively, where a and
b ar¢ non-zero and non-parallel vectors. Point C ties on 4B, such that AC:CB=3:1.

(i) Express OC interms of a and b. [1]

Point D lies on OB produced such that OD:BD = A: u, where 2> 41>0.

(ii) By finding OD, show that the area of triangle OCD can be written as k[axb ,where k is a

constant in terms of A and . [3]
(#i) [t is given that b is a unit vector and area of triangle OCD is 2. Find the shortest distance
between C and the line OB . giving your answer interms of A and . (31

b . . . . .
The curve y = is transformed onto the curve with equation y=rf (r) The vertical and horizontal
X

asymptotes of y=Ff(x) are x=a and y =5 respectively. The curve y=f (x) passes through the

point with coordinates (O,c). It is given that (x) has the form p+ where k. p and g are

real constants and that «, 5 and ¢ are positive real constants. _ _
(i) Express &, p and ¢ interms of a. b and/or c. [21

The curve y =f{(x) also passes through the point with coordinates (d,0) where d is a positive real

constant with @ >d and &> c. By sketching the curve y =1 (x),

1 . . - .
{ii) sketch the curve y = —— stating, in terms of a, b, ¢ and o, the coordinates of any points

t(x)

! crosses the axes and the equations of any asymptotes clearly. (4]

f(x)

(iii) write down, in terms of & and d , the range of values of x for f (x) < 0. Hence or otherwise,

where y=

solve the inequality f{|x! + d) <0. 3]
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. 1
A sequence u, i,, #, ... is such that u, = —;————, Where a, b and ¢ 3
an” +bn+c
nzl.
. . | 1 1
(iy Giventhat #, =—, u,=—— and u, =—, find U,
377 15 35

It is now given that a=4, 5=0 and ¢ =—1.

+
2n—1 2n+

(i) By expressing #, in the form T where P and @ are real cq
terms of .

(iii) Hencefind ) u, .
=2

(i)  Describe a series of transformations which transforms the graph of
(x—i)2 +y° =1
onto the graph of

~_

{ii) Show that the area of the ellipse can be expressed as
2

kj: 1—%@,

where & is a constant to be determined.

(iti) Hence, using the substitution x = 3sin 7, find the exact area of the cllipse.
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(a) Show that ad;\fl—i-xz S

T-x"
3x°

NI

(b) ltisgiventhat f (x) =08 2mx +cos 2nx, where m and # are positive integers and nr# n.

(i) Find Jcos Zmxcos2nx drx. f3]

(i) Find | (f(x)) dx. [4]

Hence, find drx. [4]

A curve C has parametric equations

x=t'-4+1 and y=€—-1 where 0<r<i.
(i) Find i—y in terms of 7 and hence show that the equation of normal at the point r =1 is
X
I -
LAl 3]
e e

(ii) The tangent at the point (/13 —42+1, ¢* —1) on C is parallel to the y -axis. Find the exact

value of 1. 2]
(iiif} Using the value of A found in part (ji), sketch C, indicating clearly the coordinates of the end-

point(s). {2]
(iv} Show that

IR A SV RS G g
L} dr—'[l (-1 (37 +b) dt ,

where b and & are constants to be determined. [2}
(v) Hence, find the volume of the solid obtained when the region bounded by the curve C, the x

-axis and the normal at ¢ =1 is rotated 22 radians about the x-axis. [3]

. . x-2 3-y z+l . .
The line / has equation Pl 2’ = and the line {4, has equation
2

r=(5+p)i+(4-p)j~(2+2u)k where yeR.
(i)  Determine whether the lines / and /Z, are parallel, intersecting or skew. 3]
It is given that point B lies on line /,. The position vector of the point B is such that z =2 .
(if) Find a cartesian equation of the plane p that includes the point B and the line /. [3]
(iii) Find the acute angle between p and /. [3]

(iv) The piane II is parallel to plane p and contains the point (3,5,](). Given that the distance

34 .
between Iland p is . find the possible values of & . [4]
V1430

9758/01/PRELIM/2021

www.testpapersfree.com



10

>

Alex and Gopal embark on a Journey, travelling the same route separately. Alex travels 1000 km on

Day 1 and for each subsequent day, he travels 5 km less than the previous day. (o

pal starts his journey

on Day 5, travelling 1500 km on that day and for each subsequent day, he travels 2% less than the

previous day.

() Find the distance travelled by Alex on Day 10,

(ii) Show that the distance travelled by Gopal on Day 10 is 1356 km, correct
number.

(iii)

complete the journey no matter how many days he takes.

[1]
to the nearest whole
[2}

Given that Alex completes the journey by the end of Day 100, determine if Gopal is able to

[4]

It is given that the total distance travelled by Gopal at the end of Day # excdeds the total distance

travelled by Alex at the end of Day n—1.

(iv) Find the least value of # and the total distance travelled by Gopal at the dnd of this day, giving

Your answer correct to the nearest whole number,

[51

The game designer for a video game is running a simulation of a particular stage where the Hero is

trapped underground and is trying to make his way back up to the ground level
move vertically upwards. At time ¢ minutes, his distance from the starting poinj

. The Hero can only
is x units.

The Hero starts to move vertically upwards from the starting point at a rate inve rsely proportional to

¥ . However, he encounters traps and monsters along the way, which will
downwards at a rate proportional to x .

(i)  Show that the Hero’s movement can be modelled by the differential equatj
dr _a- ke’
dr x

where « and & are positive constants,

push him vertically

on

(1

During the simulation, the game designer sees & as the “difficulty factor” and sets ¢ =8.

(i) Show that

8_83—2#1
X = ]J—
k
(iii) If the simulation is lefi to run for a long time, deduce the eventy

Hero.

(iv) Hence, sketch the graph of x against ¢.

[5]

ial position of the

[2]

2]
[2)

(2]

{v) Ifthe ground level is supposed to be 4 units above the Hero’s starting point, what is the range
of values that the game designer should set for the “difficulty factor” such fhat the Hero is able

to make it to the ground level and complete the stage?

-END -
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2

Section A: Pure Mathematics |40 marks|

A particular brand of power bank charges up to its rated voltage of 5V (volts) according to the

equation
= _1 — forsz0,
0.2+e™
where ¢ is measured in hours.
(i)  Find an expression for the rate of charging. [1]
(i) Without the use of a calculator, find the time when the rate of charging is most rapid. [4]

(i) With a sketch of a suitable graph, explain if the power bank can be fully chargedto 5V. [2]

By successively differentiating xIn (2 + x) , find the first three non-zero terms in the Maclaurin series

for xIn{2+x). [4]

Hence, or otherwise, find the first three non-zero terms in the Maclaurin expansion of xIn{2-x}).
[2]

Deduce the first two non-zero terms in the Maclaurin expansion of xIn (4— xz). [2]

Do not use a calculator in answering this question.

Itis given that z, and z, are the roots of the equation z* —2iz—2 =0, where arg (z)<arg(z,).

(i) Showthat z, =1+1. [3]
(if)  Given that x=z,. find x*, " and x* in cartesian form. Given also that x = z, is a root of the

equation x'—6x" +sx* —18x+10 = 0, where 5 is real, find the value of s and the other roots of
the equation. [6]

"

-~ is purely imaginary, find the

(iii) The compiex conjugate of z, is denoted by z,”. Given that 4

twao smallest positive integers of #. [3]
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4  The functions 1 and g are defined by
fixr>15-2x—x7, xelR,x<a

gixbse™ —4, xel, x>0
where ¢ is a real constant.
(i)  State the largest value of « such that the inverse function f ™ exists. (1

In the rest of the question, use a=-2,
(i) Find f ' (x) and state the domain for f ™' [4]

(ii)) On the same diagram, sketch the graphs of y =1 (x) and y=1" (x) . stating the coordinates of
the end points and axial intercepts. _ i3]

(iv) Explain why the x -coordinate of the point of intersection of the curves in) part (jii) satisfies the

equation
X’ +3x-15=0. [1]
{v}) Find an expression for fg(x) and state the domain for fg. [2]
(vi) Find the range of fg. 2]
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Section B: Statistics [60 marks)

Front

Windows
SMOPUIA

Back

A large private plane has 11 seats for passengers. The seats are arranged in 3 rows of 3 seats and 2
front seats as seen in the diagram above. A family of 10 boards the plane.
(i)  Find the number of possible seating arrangements for the family of 10, i

The family of 10 consists of 2 married couples, Mr and Mrs Lim and Mr and Mrs Tan, 4 children and

2 grandparents.
(i) Find the number of possible seating arrangements if the

s 2 grandparents sit in the front row,

. 4 children each sits at a window seat,

. Mr and Mrs Lim sit in the same row on the same side of the aisle,

. Mr and Mrs Tan sit in another row on the same side of the aisle. 3]

(iii) Find the probability that Mr Lim sits directly behind a child, Mr Tan sits in the front row and
the others do not mind where they sit. [3]

As part of its customer loyalty program, Sugureta Sushi atlows customers to spin the whee!l once for
every $100 they spend. There are four different equally likely outcomes, namely $10 discount, $5
discount, $2 discount and “Better luck next time!”

Each discount has three equally likelty multiplier sub-segments, namely X I, X 2 and X 3. For
example, if a customer spins a §5 discount with X 2 sub-segment, he will get $10 off his bill.

Let ¥ be the random variable denoting the total discount a customer who spends $100 can obtain.
(i) Tabulate the probability distribution of ¥, 2]

(i) Find E(Y) and Var(Y). (3]
(i) Find the probability that a customer who spends $200 pays $155 or less after the discount. [3]
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- Common Last Topic -

In this question you should state clearly all the distributions that you u
values of the appropriate parameters.

A supermarket stocks two different brands of toilet paper, namely Cleanex ang Y
in grams, of rolls of Cleanex and Woofsoft toilet paper are modelied as havin
distributions with means and standard deviations as shown in the table.

Toilet Paper Mean Mass | Standard Deviation
Rolls of Cleanex 200 10
| Rolls of Woofsoft 220 15

()
202 and 208 grams.

The rolls of toilet paper are sold in packs of 10.

e, together with the

Voofsoft. The masses,
r independent normal

Find the probability that the mass of a randomly chosen roll of Cleanex toilet paper is between

[1]

(i) Find the probability that the mass of a randomly chosen pack of Woofsoft toilet paper would

exceed the mass of a randomly chosen pack of Cleanex toilet paper by 5%
(iif) The probability that a randomly chosen pack of Cleanex and 3 rando
Wooftsoft have total mass less than & grams is 0.4. Find the value of % .

To meet the increasing demand for toilet paper due to the Covid-19 pande
decides to stock a third brand of toilet paper, Upwards.
(iv) The masses of rolls of Upwards toilet paper are normally distributed such
a mass less than 220 grams and 80% of them have a mass greater than 230
and standard deviation of the masses of rolls of Upwards toilet paper.
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[3]

mly chosen packs of
[31

mic, the supermarket

that 4% of them have
grams. Find the mean

[4]
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1]

6

A company employs experienced and novice telesales executives. Their responsibilities include
calling existing and potential customers to persuade them to purchase their company praoducts and
services. A call that results in a sale is considered a successful call.

On average, 15% of the calls made by an experienced telesales executive are successful. An
experienced telesales executive handles 15 calls a day.
(i) State, in context, two assumptions needed for the number of successful calls made by an

experienced telesales executive to be well modelled by a binomial distribution. i2]

Assume now that the number of successful calls made by an experienced telesales executive foilows
a binomial distribution.
(1)  Find the probability that Tom, an experienced telesales executive, makes more than 4 successful

calls a day. 2]
(iif) The number of successful calls made by an experienced telesales executive in a day is
independent of other days. Find the probability that, in a randomly chosen working week of 5
days, Tom makes more than 4 successful calls on no more than 2 days. [2]

The number of successful calls made by a novice telesales executive also follows a binomial
distribution. The probability of a successful call made by a novice telesales executive is 0.09. A novice
telesales executive handles 9 calls a day. Jerry is a novice telesales executive in the compary.

{iv) Find the probability that Tom and Jerry make 2 sales each in a day. [2]
(v)  Find the probability that Tom and Jerry make a total of 3 sales in a day given that Jerry makes

at least two sales in a day. (3]
(vi) State an assumption for your calculations in parts (iv) and (v) to be valid. 1]

The Simozer vaccine developed by a pharmaceutical company is marketed to have a 91% efficacy
rate against Covid-19, measured from seven days to six months after the completion of doses. The
government of the country Elbonia is interested in purchasing this vaccine for its people. It decides
to test a random sample of 100 citizens and measure the efficacy rate, x %. The results ¢btained arc
summarised as follows.

D x=9052 > %" =962373
(1)  Explain the meaning of ‘a random sample” in the context of the question, [1]
(i) Calculate unbiased estimates of the population mean and variance of the efficacy rate. 2}
{iii) Test, at the 5% level of significance, if the company has overstated the vaccine’s efficacy rate.
You should state your hypotheses and define any symbols you use. [3]

Three months later, the government decides to check the efficacy rate for the same 100 citizens. It
found that the mean efficacy rate is 90.2% and the standard deviation was 7 %. A test is carried out

at the 1% leve! of significance,
(iv}) Find the range of values of m if there is sufficient evidence supporting the claim that the

efficacy rate was overstated by the pharmaceutical company. [4]
(v) Explain why there is no need for the government of Elbonia to know anything about the
population distribution of the vaccine’s efficacy rate. [2]

- END -
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