ASRJC

(i) For positive real constant c, state a sequence of three transformations in terms
of ¢, that will transform the graph with equation of the form y=f(2x+3)+¢

onto the graph with equation y =f(x).

(ii) The point with coordinates (-2,0) that lies on the curve with equation of the
form y=£(2x+3)+c is mapped onto the point with coordinates (0,—1) that is
on the curve with equation y = f(x) . State the value of c.

[3]

[1]

2
~ The complex numbers z1, z2 and z3 are given by z = (1 — \/—2;1) ,
.
Z, = [ﬁ(ccs%ﬁsm%ﬂ and z, =—1+ J3i.

(i) Using an algebraic method, find 22 in the form 7, where > 0 and @ is an
_ %

exact real constant such that —z <6< 7.

(i) Hence find EZ—+z3 in the form pe'®, where both » and 6 are exact real
4

constants such that 7> 0 and -z <8 <7z.

(31

[3]

Itis glventhatthe curve C has equation y —-—szu:x—;—z— xeR, x=2.
xX—
(i) Without using a calculator find the set of values that y cannot take.

(ii) Sketch C stating clearly the equatlons of any asymptotes the coordinates of the

(31
(3]

statmnary pomts and the point(s) where the CUIvVe Crosses the axes.

(i) Show that the first two non-zero terms of the Maclaurin _seriesffor tan 6 is given
by 9+%03. You may use the standard results given in the List of Formulae
(ME26).

4 B

O@—1 —»! ‘
—x— i

In the right-angle triangle OBC shown above, point 4 lies on OB such that O4=1,
OB=x, where x > 1 and OC=1. It is given that angle COB is % radians and that

angle ACB is 0 radians (see diagram).

[2]
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2tan @
ii) Show that AB=———.
@ 1-tan @ [2]
(iif) Given that @ is a sufficently small angle, show that
AB = af + b6 +cb’
for exact real constants @, b and ¢ to be determined. [3]
(1) By considering u, —u,,, , where u, = S
Y noome " a(n+D)n+2)
N 1 ;
find Z in terms of V.
~n(n+1)(n+2)(n+3) : (3]
N4+3
@ii) Hence or otherwise, find ).
| [3]

(iii) Deduce th

(@ F

®) &

ave your answer
in exact [3]
A curve C has parametric eqt
x=sin’t, y =
The tangent at the point P(sin’ p,cos” p) i > < p<0, meets the x-axis and y-axis
at Q and R respectively.
() By finding the equation of the tangent at the point P, show that the area of the
triangle OQR is ~ L gin p (2+cos’® p)*.
12 (6]
(ii) Find a cartesian equation of the locus of the mid-point of OR as p varies. You
need not indicate its domain. [5])
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(@)

(b)

Functions f and g are defined by
f:x—x*, x<0,

g:xl——)l, x>0.
X

() Explain why the composite function gf exists.
(i) Find the exact value of f'g™ (3) Show your workings clearly.

For real values q, the function h is defined by

h:x+>a —l, x<0.
X

() If a is negative, explain clearly with a well-labelled diagram, why h™
does not exist.

(i) Ifa=1, findh™ in similar form.

[1]
[3]

[4]
[3]

(@

()

An arithmetic progression has first term a and common differenced , where
a >0 and d # 0. The eighth, third and second term of the progression are the
first three terms of an infinite geometric progression.

(1) Find the common ratio of the geometric progression.

(i) Find the exact sum of the odd-numbered terms of the geometric progression

in terms of a.

A programmer coded a program involving a rabbit-fox chase along a straight
path to model the actual hunt for a rabbit by a fox.

The rabbit first hop is 1.75 m. In each subsequent hop, the distance covered is
1% less than its previous hop. The fox first leaps 3 m. In each subsequent leap,
the distance covered is 0.02 m less than its previous leap. Initially the rabbit is
60 m ahead of the fox and assume that the rabbit and the fox start and end each
hop and leap at the same time.

() By finding the total distance travelled by the fox and the rabbit after 7 leaps
and hops respectively, find the minimum number of hops and leaps for the
fox to catch up with the rabbit.

(ii) Find the number of leaps the fox takes before it comes to a stop. Hence,
find the minimum starting distance, in metre, between the fox and the rabbit
such that the fox will never catch up with the rabbit. Leave your answer to
the nearest integer.

[3]

(3]

[4]

2]
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10 The production team of a popular variety show, Sprinting Man, is preparing a site
for a segment of the show. In this segment, each participant is to sprint from the
starting point, go up a ramp and press a buzzer to complete the challenge.

slant wall

buzzer
{10.5.-10.5,10.5

Referring the starting point as the ongm O and the horizontal ground as the x-y plane,
the top surface of the ramp has equation’ x—y—2z=3 (see diagram that is not drawn
to scale). Distances are measured in metres; :

(i) Find the angle of inclination of the ramp.

A sphencal polyurethane foam ball of radius 1 m i suspended from a pomt H with
coordmates (0,0,12) by a cable of length km, that i is taut ali the time. The ball will

be swung mvanous directions dunng the challenge to increase the level of dlﬂ'lculty

contact Wlth the ramp, find the range of values that k can take
The buzzer that the participants are to press is located at the point with coordinates
(10.5, —10.5,10.5). This point lies on a flat slant wall which intersects the ramp
along the line / with cartesian equation x =y +20, z= 8.5.
(iii) Find a cartesian equation of the slant wall.
A camera is to be placed along a line L with equation r =12k +#(i+3]), 7€ R, with
its position denoted by C.
(iv) If the camera is at a distance of J254 m from a point P with coordinates
(10, —10, 10), determine the possible coordinates of C exactly, showing your
workings. Hence deduce the point on L that is nearest to P.

[2]

(3]

(3]

[4
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11

The cylindrical tank in a research laboratory has a cross-sectional area of 4 m*. To
cool the tank, water is pumped in and out of the tank simultaneously. The volume
and height of the water in the tank at any time ¢ minutes is given by V (litres) and A
(metres) respectively. Clean water is pumped into the tank at a rate that is
proportional to 4% and the water is pumped out from the tank at a rate that is
proportional to 4.

() Assume that the water does not overflow and that there is no change to the height

dh _ kh(h—10)

of the water when /4 is 10, show that Et— where k is a real constant.

The tank was initially filled with clean water to a height of 2 metres. When the height

of the water is 5 metres, the volume of water is increasing at a rate of 5.5 litres per

minute.

(ii) Find the exact value of k. Hence find /4 in terms of ¢.

(iii) Sketch a graph of / against 7. Hence write down the minimum height of the
cylindrical tank that will not result in the overflow of the water.

[4]

[5]

[3]
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2

Section A: Pure Mathematics [40 marks)
(i) The equation 3z° —7z°+17z+m=0, where m is a real constant, has a root
z=1+2i. Find the value of m.
Hence using an algebraic method, find all the roots of the equation

32> =7z +17z+m=0. Show your working clearly.

(i) Hence, solve the equation i+—z—+£—m 0, giving your answers in the
w

woow
form a+bi, where a,beR.

Relative to the origin O, the points 4, B and C have position vectors a, b and ¢
respectively. It is given that A and u are non-zero numbers such that la + ub —c =0
andA+u=1.

(i) Show that the points 4, B and C are collinear.
The angle between a and b is known to be obtuse and that |a| =2

(if) If k denotes the area of triangle O4B, show that (a .b)z = 4(|b|2 —kz) .

D is a point on the line segment 4B with position vector d.
(tii) It is given that area of triangle OAB is 6 units?, ]b| =10 and that 40D is 90°. By
finding the value of a-b, find d in terms of a and b.

142%

\/1+e

(ii) Curves C| and C; have equations y = xe* L and y =

(a)(i) Use the substitution #=1+x* to find I

1+x?

xe 1

1+e  2€°

respectively. The region bounded by the curves C1 and C,, the y-axis and the
linex =1 is R. Find the exact area of R.

2y’ —y+1

2y* +1
between y=0 and y=1 through 27 radians about the y-axis (see diagram
below). Find the exact volume of the vase formed.

(b) The shape of a vase is formed by rotating the part of the curve x =

1
1 __________
_ 2y’ ~y+1
2y +1
0 >
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[4]
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The product engineer of a factory crafted the design of a rectangular box, using a
right pyramid, that is shown on the diagram above (not drawn to scale). The
rectangular box is contained in a right pyramid with a rectangular base such that the
upper four corners of the box 4, B, C and D touch the slant faces of the pyramid, and
the bottom four corners lie on the base of the pyramid. O is the point of intersection
of the two diagonals, AC and BD.

The helght of the pyramid is 34/2 units, the length of the diagonal of its rectangular

base is IZJ— 2 units , the height of the box is b units, where b < 3«/-2_ and the angle
AOB is 0 radians. It is given that the box is made of material with negligible

thickness.
(i) By ﬁndmg the length of O4 in terms of b, show that the volume ¥ of the

rectangular box is given by ¥ =8b (3\/_ b) sin@ .

[3]
i

For the rest of the question, it is given that 0= 5— .

(i) Find the exact value of b which maximises V. Hence find the cost of
manufacturing one such box if the material used to make the box cost $0.03 per
unit?. [6]

When the height of the box is at half the height of the pyramid, it is reducing at a

rate of 2 units per second.

(iiii) Determine whether the volume of the box is expanding or shrinking and find the
rate at which this is happening. [3]

[Turn Over
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Section B: Probability and Statistics [60 marks]
Two families, each consisting of an adult couple and three children visited a carnival
together.
The 10 people went to queue for a ride randomly in one straight line.
(i) Find the probability that members of the 2 families stand in alternate positions in
that queue.
If the ride is made up of two identical circular carriages of five identical seats each.
(ii) Find the number of ways the 10 people can be seated if not all the family members
are seated together in the same carriage.

In a soccer practice, the coach instructs the players to practise their penalty kicks. A
player scores if he successfully kicks a ball into the net of a goal post. The probability

that a player scores on the first kick is % . For all the subsequent kicks, the probability
of scoring on that kick will be % if the player scores in the preceding kick, and the

probability of scoring on that kick will be % if the player did not score in the

preceding kick.

(i) Owen kicked the ball three times consecutively for his practice. Find the
probability that he scored on the third kick, given that he scored only twice out
of the three kicks.

(i) Three players each kicked the ball four times consecutively for their practices.
Find the probability that one of the players scored on all four kicks, another
player scored on the first kick only, while the remaining player only scored on
the second and third kicks.

Grade A and grade B sugar produced by a company are packed and sold in packets.
The mass of both grade A and grade B sugar sold follows independent normal
distributions with mean 2.05 kg. The standard deviation for the mass of a randomly
chosen packet of grade A and grade B sugar are 0.025 kg and o kg respectively.

If the probability that the mass of a randomly chosen packet of grade B sugar being

less than 2 kg is 0.01,

() show that the value of o is 0.021493 correct to 5 significant figures.

It is given that the profit per kilogram of grade A and B sugar sold is 50 cents and 40

cents respectively.

(i) Find the probability that the total profit of three randomly chosen packets of
grade A sugar is higher than three times the profit of a randomly chosen packet
of grade B sugar by not more than 65 cents.

(iii) Two packets of grade A sugar and n packets of grade B sugar are selected at
random. Find the smallest value of n such that the probability that the mean mass
of these packets being less than 2.06 kg is at least 0.97.
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5

In a public swimming centre, the time spent by a randomly chosen user in using its

facilities is T minutes, is known to be normally distributed. The centre manager

claims that its users spend an average of 50 minutes to use its facilities. To check this

claim, time spent by a random sample of 60 users were recorded. The data recorded

has an average of 47 minutes and a standard deviation of 16.4 minutes.

() Find an unbiased estimate of the population variance, giving your answer correct
to 2 decimal places.

(ii) Test, at the 5% significance level, whether the centre manager overstated the
average time spent.

(iii) Another sample of size n (n > 30) that was collected independently is now used
to test, at the 5% significance level, whether the centre manager’s claim is valid.
For this sample, the mean time taken is 46 minutes. If the result of the test using
this information and the unbiased estimate of the population variance in part (i)
is that the null hypothesis is rejected, find the least possible value that » can take.

(a) A random variable X has a binomial distribution with # = 10 and probability of
success p, where p < 0.5.
() Given that P(X=3 or 4) = 0.2, write down an equation for the value of p,
imd find this value numerically.

Itis glven that p = %

(i) The mean and standard deviation of X are denoted by y and o
~ respectively. Find P(pg-o<X < p+0), correct to 2 decimal places

(b) Mr. Chua attempts an online sudoku puzzle each day The probability that he
manages to solve a puzzle on any gwen day is 0.75, mdependently of any other
day.

@) Find the probability that he solves his third puzzle on th'e eighth day of his
attempt.

(i) Find the probability that, over a period of 8 weeks Mr Chua manages to
solve at least 4 puzzles each week.

A bag contains nine numbered discs. Three discs are numbered 3, four discs are
numbered 4 and two discs are numbered —1. Two discs are drawn simultaneously.
The sum of numbers on them, denoted by X, is recorded.

(i) Find the probability distribution for X.

(ij) Find E(X) and Var(X).

(i) Two independent observations of X are taken. Find the probability that the
difference between these two values is at most 5.

(iv) Fifty independent observations of X are taken. Find the approximate probability
that the sum of these fifty observations is between 250 and 260.

[1]

(4]

[4]

(2]

(3]

(2]

(2]

(3]
[2]
(3]

(3]

[Turn Over
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6

Research is being carried out to study the degradation of a herbicide in soil. The
concentration (in percentage) of the herbicide in the soil measured over a period of
120 days is recorded. The observations are listed in the table below. It is given that
one of the observations has been recorded wrongly.
Number of days (d) | 20 40 60 80 100 120
Concentration (c) 60 57 41 36 33 31
(1) Draw a scatter diagram to illustrate the data and circle the incorrect observation.
For the rest of the question, you should exclude the incorrect observation.
(ii) Comment on whether a linear model would be appropriate, referring both to the

scatter diagram and the context of the question.
It is thought that this set of data can be modelled by one of the following formulae
after removing the incorrect observation.

Model A: ¢* =a+bd

Model B: ¢ = ae™

(iif) By calculating the product moment correlation coefficients, explain clearly
which of the above models is a more appropriate model for this set of data.

(iv) Use the model you identified in (jii) to find the equation of a suitable regression
line and use your equation to estimate the concentration of the herbicide in the
soil after 140 days.

(v) Comment on the reliability of the estimate obtained in (iv).

(vi) Give an interpretation of the vertical intercept of the regression line obtained in
(iv) in the context of the question.

End of Paper
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Additional Material(s): List of Formulae (MF26)
CANDIDATE
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ceass | | [r] ]
READ THESE INSTRUCTIONS FIRST Question
Marks
pumber
Write your name and class in the boxes above. 1
Please write clearly and use capital letters.
Write in dark blue or black pen. HB pencil may be used for graphs 3
and diagrams only.
Do not use staples, paper clips, glue or correction fluid. 3
Answer all the questions and write your answers in this booklet. 4
Do not tear out any part of this booklet. 5
Give non-exact numerical answers correct to 3 significant figures, or
1 decimal place in the case of angles in degrees, uniess a different 6
level of accuracy is specified in the question.
You are expected to use an approved graphing calculator. 7
Where unsupported answers from a graphing calculator are not
allowed in a question, you are required to present the mathematical 8
steps using mathematical notations and not calculator commands, 5
All work must be handed in at the end of the examination, If you 10
have used any additional paper, please insert them inside this
booklet, 11
The pumber of marks is given in brackets [ ] at the end of each
question or part question.
Total
This document consists of 22 printed pages and 2 blank pages.
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(1) For positive real constant ¢, state a sequence of three transformations in terms %
of ¢, that will transform the graph with equation of the form ¥ =f(2x+3}+¢ i
onto the graph with equation y ={(x}. LI

' Commented [SH1]: Question reading /

(i) The point with coordinates (~2,0) that lies on the curve with equation of the  Preseritation / Conceptual understanding
form p={(2x+3)+¢ is mapped onto the point with coordinates (8,—1) thatis i e e |

on the curve with equation v = f{x). $tate the value of ¢. ; in I, »
Solution }
@) A translation of ¢ units in the negative y direction, ; ! i :
Scaling paralle! to the x-axis by a scale factor of 2. e & ; —
A transiation of 3 units in the positive x-direction. o ; .
{iDic=§ :
f(x) ) B i
{if) Courdinate; {0,~1) FL o o ;
f{x+3) \i/ fx+3) B :
] o Wl ’ uld make it 2 point to memorise
;m "“_“'Mw . &:2 units in the A framsiation of 3 units g ; e Trass] b "“_'!:a & '“{6‘;»!’ -
Hon. 4 - e (e RN - o
’:kﬂ::“p::m.\ arks should not be'lost in these iy
f{2x+3) \_i) T2x+3) \ 2/ Semn 8 e
Scaling paralle] 1o the 3. Staling paraliel to the
direction by a scale factor of x-girection by a scale
}_ factor of 2. |
fRx+3+c v fQx+3)tc
|
At{amhtionofcnninhﬁm A transiation of ¢ units i
positive y-direction @ i the megative y. L_ 1 ]
directien . L
(i) Coordinate: {~2,0) ‘
|

The complex numbers 21, z; and 23 are given by 2, ={1--/3j ’ .
H

z, '—{Jﬁ (oos%«*isin—’-:»)]cand 2= ~14f3.

) Using an algebraic method, find f;- in the form re" , where »> 0 and 6 is an

1
exact real constant such that -7 <9< 7. [31
(i) Hence find 3—’-+z, in the form pe’®, where both r and 8 are exact real
Z,
constanis such that > 0 and ~r <0< 7, [31
Solution
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| . Commented {LT3): Misconception
. Did not obtain the correet exponentist form for
I lthe complex numbers given.
P
Recommendarion

pANAL AR RANEEARAY

i« - 1. Locate the point in the Argand Diagram before
¢ evaluating s argument.

| & Whenever possible, use exponentizt form 1o
. perform any simplitications., Using potar farm for -
! { any simplification is strongly discourage.

Commented [_LT4}$ Question Reading :
g 1t is important to have the habit of leaving the !
x firial argument value of the complex nimmber to i

be within the principal range. !

B COmmented (LTS5 Misconception |
{ Did not obtain the correct exponential form for 1
s o !

A Commented [LT6): Recommendation |
| Majority could not remember the properties !
learnt in the lecture. it is important to remember z
' 4 Commented [LT?]. Presentation of Answer i
P oxt] f Final answer has to be in the simglest form .
It is given that the curve C has equation y = 7 xeR, x=2, { whenever possible. '
(i) Without using a calculator, find the set of values that y cannot take, 3
(i) Sketch C, stating clearly the equations of any asymptotes, the coordinates of
the stationary points and the point(s) where the curve crosses the axes. 3]
Solution
) X —x+7
i - o
0 y==r
3 ol e
Method1: ¥ —¥+7=yp(x-2)
x* ~(I+y)x+742y=0
For the equation to not have real sofutions, discriminant < 0
[-(+»)T -4(7425)<0
Y =6y=27<0
(r-9)(»+3)<0
~3<y<9
< The set of values that C camnot take is {rer:-3<y<9}.
[Turn Over
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{ Method 2:

| x~2=30r -3

=Y or -3
dty 18

T-’—>; = O{for statiohary points)
x=2

5=

\
|
\
!
i
\ x=%or -
|
\

{x~2%

Whenx =35, %xl’ - % > 0= (5,9)is a minimum point

d
When x= -1, —d——}-,-'"—-w

dx?.

<= {~1,~3)is a maximum point

Forx<2, -:‘;2-<0::> curve 1s concave downwards
Hence y29 or y5-3

Thesetofvalm that C cannot takeis {yeR:~3< y <9}

~-x+7
H) 3= i
@) y Ty

9

= X4 ] e

x—-

]

[————_
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D Show o e

0 Show that the firg W non-rero fermes of the
given by ¢ ol

; . Yen may nse the sian
»»_..Wumm.fﬂl’l?ﬁiﬂbzim(‘)a

dard results given in the List of

Mackaurin series for tan 8 ‘

1y

-3

In the right-angle triangle OBC shown above, point A lies on OF such that O4=1
OB=x, where x> | and OC=1. It is given that angle COR is

f‘i radians and that
angle ACB is € radians {see diagram).

@) Show that 4p= 286

I~tang’ ' 2]
(i) Given that 9 is 2 sufficently small angle, show that
AB = a0+ bF 4 o6?
for exact real constants 2, b and ¢ to be determined. {31
Solution
O
sin g
tan g = -,
cos @
=sin6(cosg)" ; e - b
Ci7 Commented (KSXQ}:Egg,ggg;m
; { Use approximate sign i you are writing down
( & )( & }" first few terms of the series ondy.
3 IRy | & PN B
3 2! g Misconcention
& 'k
L K e | B A
) T (9 - 9_.)
& o EL A
=8 +—2—!- BETH [ R ) 3
1 2!
=8 +-3- 91
i Commented [KSX10); Due to lack of
L !
.4 tan 3 Tan 6 | practice, many students did not know they have
() jtan| —+6 =I @ tang  to do this step.
— m —
4 ~7] Commented [KSX11}: Method
1+tang % Students can also approach this question using
d =l-tan9 { sine rule,
I+tang
AB = -
1-tang
{Tarn Over
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2n 8

:]’

tan f

l(iii} 4B~ 280 0{1 - tan £’

i

i L
L
s

e

el

{  Commentad [K5X12]: As the question asked
| toshow First three tarm of the series, students

NES T 51 ! should approximate tan & to 6‘*—(2- .
& ¢ = : 3
" 2{6‘4»—} 1+(9+——)¢t0+-—} } | P
3 3 ) J 3 ig
= 26+-2~0—3- (1+8+6%) | 1
3 i 1
~20+20°+ 58 g 11
- H 3
a=2,b=2, e ] {Commented [KSX13]: presertation
3 i Students who managed to get to the corract

| answer did not state the values of 2, band c.

5
® , where 4, =
L .n(rv&-l)(w&-.‘l}w_m_~
2 .
1
nd 3 e i tems of N.

gn(n+l)(n+2)(n+3)m s o
o '

1
S n(n-1n-2)4n-3)

.«1 (;ommented tABKlS} _Annms_l_sm

With a statement like “hence”, typically this
approach is the best way 1o Soive the probler
The suggested oﬁ\erwcse approach canals
uSed buz often, it may notbe the most effics
methad o adopt under axamination time
censtramt So this has got to do with exam

strategy For the “hence” approach, use oft

e s e e e e e e : i
P T T AT e Pl
1 ' E
is less than — . Show your workings clearl
18 ¥ g8 A 11
Solution
M

.| previous result is necessary.

Commented [ABKL6): Approach

gith a statemient like "deduce®, we must st
se the earlier results to prove this part of 1
question. We roust relate cleady how thisg

1
E
|}

[RH———

o OGN
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ol d

U, ¥

=,

T 1
nneln+2) {41} 00+ 2)(n + 3)

_ (n+3-n

h n{n+1(n+2n+ 3

m n{n+ Do+ 2Xn+3)

N

i

s n(n+1)(n+2)(n+3)
u~2{“ nél

1
=3‘{ Lyt

+it N+I]

; (discouraged)

Commented [ABK17]: Approach

4 tr evalusting this sunmation using the Method

Hof Differedcé, ayoid substituting values for each
! term in this case. The approach is clear that we.

arg Using 1,4 fweinsistin évaluating each

value, do fiote that the method is'not wrong but
itis NOT EFFlCIENT under exammatnon txme =
constramt

1
='§[“n - “;m]

i 1
"3{(1)(2)(3) (N+l)(N+2)(N+3}]

=L !

18 SNV +2) 2Y(N +3) 3

() DBYacolacinga Wi UH ...\ ooo.oooeeeee SR
Na3 1 ni3md 43 1

,z.,n(nwtx»~2xn—3) =

wims {m+3)n+3-1)n +3-2Xn+3~3)

¥
2 ()4 D+ 2+ 3) et (n¥n +1fn+2Kn +3)

I Commented [ABK18]: Technigue
/i We have solved this i m part{iy -

i . 4 15 . For
,.,,.(M;}(M x5 ls 31» L 2N +3) ’
par( (i}, lakmg the “hence” approach, we are to
sethe abovc re:sult

Forsucha quwit')gx_ the technique _is {0 use
“replacement of #". We should always start
from the qu:suon that wé are targeting! In this
case we are “replacing n with (a+3)", Why
“n+3"? The simple reasof 5s that we want to
make the citrrent expressiof looks the same as

that found in part {i} so that we can use its result,

K

1 i
13 3(N+t)(N+2)(N+3)_”_(1)(2)(3)(4)]

1

1

AN+ 2N+ 3)

(i) __ For positive integers n

{Furn Over
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) Commenzed [ABK19]: Continystion from

ap_gve

‘At this juncture, the exprassion within the
sumimation Is now the same as that of part (i},

Now, we need to split the limits to apply the
sesult’in part {i) correctly. Remember the
“cutiing the cake” method - basically counting

the terms,

Bp~ﬂ

LA - 3

3



{

8
< )
W an<n +3ntl SN S—
n{n+3) <(n+1)(n+2) ]
n(‘n*l){n**)(mﬁ) n—ﬂ) (n+2) . R
1 . 1 = s 0 : commented [ABK20]: Method
: : - "
y s Fat3Y g AR 3 7 This inequality must be established before we
P {" ‘H)(" +2)(" ~+v3_); ,. "()’ “H) ‘(n1§2) can proceed with the next step. To even think
So i ! Zx: ! about this ineguality we must first identify the
pos (n + 1)1 (n + 2)3 n{n4+1)(n+2)(n+3) exgressron for this sum to infinity:
1 VoL & b .
AS b e ___,,_____.___.._ «-;ve—-:*-—(é...z e,
5 122 202 ”%Z (n+ 1) {n + 2) & 12 Z(n«ri} {x+2)
Looking at the RHS, that means we need to
<Hm Z_..._.__L._._. cstablish a link between iy (s 2y and
b1 (" “'1)(" +2)n+3) a{n+{i{n+2){n+3) which is found in our origital
= lim 1 i expression. This is the stant of our (hiniung
re| 18 HN AN +2AN +3) proeess.
=L ‘Also, we know that we need to show
18 ERLIEL TN -i‘wi““ ! <_‘_:
d.1 i 1 T e (el (a2 3
Thus 62"‘122*202* < T (deduced) Theonly ,,‘_ thatwecanﬁnd)sfmmpan {i).
This wonld give us more clue 10 &uhhsh a link
(inequality) between (‘"*‘} {as3y and.
a{as 1iln < 2 n 3} ‘
T 3 { : -
{a) Find J = df‘for O<x<l. 311 g Comn:?nted:fm(wzil: Question Reading ‘
2 sin™ { 2x 1
{b) (I} Sketchthe graphsof y= ‘x - 7} and y=x+5 on the same diagram. J 31 X dx ‘mdmmte megran for
Indicate clearly the x-intercepts and the values of x where the two curves V<<l is ot Squivalerit fo
intersect. Hence solve the inequality Ix* ~ 7|2 x+35. , tsin™ {2x ~1
. equality ‘ i + [4] ! J- o § = ) dx {definite integral},
a) Hencc.fora’as,ﬁndJ;!}x’-?i—xdldxintemsofa, Leave your answer - '
in exact form. {31
Solution
()

More papers avajlable-atwwustestnapersfreecom .




BP-~87

9
e e
! Copsin {201 e -
i B (““:x;z-—l dy = -2 TN T esin® 24‘ 1 ’) + 52\[;_“‘“ N ! Commented [KW{W22]: Techniques
Ty N (2 1Y .1 There were many mistakes observed for this
| b part
: =2 3 - sin™ (2x ~I)+ 4 v - Some students did not know that they ased
I 1] - r\!4r . i ¢ to use integration by parts.
: : . - Ctherswere not able to choose u and dv/dy
= =23l x sin 20 - ‘ ¢ correctly.
i (2 e 2.{ (ﬂ - Some others were not atle to differentiate
L -~2vl =xsin ‘(Zx 1)+4\/—.{+C ! sin{2x—1) andfor integeate l e aRGfOX
y= x+5 : = I e = . -
y=lxt -7 | | Commented [KW(W23]: Presentation

The graphof y = ix?'m ‘?I is symmetrical about
the y-akis, Same stiudents coutd not draw the
| graph correctly for x < ——«,ﬁ and x> \ﬁ .

- Commented [KW({W24]: Concept/Presen
tion -

Some stidents do not know when to use ‘or’ a
‘and’, Others use ) instead of ‘or’.

| Commented [KW(W25): Method
Students should us part (i) to determine how
split the interval from 3 t6 o and the sign of

i ix; -_—_71—_ X 5‘ inthe respective intervals.

7 | A curve C has parametric equations

. z
x=sin’t, y=cos?s, —:-2-<z<0.

The tangent at the point P(sin® p,cos® p), ——’25 < p<0, meets the x-axis and y-axis

at { and R respectively.
() By finding the equation of the tangent at the point P, show that the area of the

triangle OQR is —Yli-sin P (2+cos? p)*.

(6}
() Find a cartesian equation of the locus of the mid-point of QR as p varies. You
nead not indicate its domain. [51
Solution
[Turn Over

com i . ..
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< Commented [CKI26]: Observation
" sany students gid » conversion using double
: angle formula before differentiation. Seme

students continue to modify the expression using
i factor formula which was not niecessary.

| Students should know how to differentiate the
© given expression directly,

' Commented [CKI27): Common Mistake
: i Some students did not know that they had to

16
o) Co
Cx=sin'y p=enst | %z
E E:Ssin’feﬂsi gi==*2simcos:f i %
Ldr df . i 1
Cdy_ -Zsinreost 2 ! |
v 3sinfreost dsing | “
| Atthe point P, x=sin" p :
y=cos’ p 1
o2 |
dx  3sinp i
Equation of the tangent at the point P: ’
j 2
! ~cos’ p=— x~sin’ !
i y p 3'sinp( p);g
Wheny =0, ~cos’ p=~ 2 (x~sin’ p)
3sinp

.3 3 . 2
x=sin’ p+=sin poos’ p
1.
J:=-2—smp(2sin2 p+3cos® p)

x:-;-sin P(2+c08” p)

Q(—lisin P2+ 008 p),o)

{ find the gradient at the point P. Some students
gave the equation of tangent st Pas

H

| ¥-cos® 10:-3;“‘“'(;:—sin3 ) which was

‘ incorrect.

thnxso.y~cos‘p=~—-—2—-(0~sin3 1)
3sinp ’
2 . 2 :
y=-3—sm p+oost p
y:-;—(TZsin2 p+3cos? p)=-;-(2+oos’ P)

R(O,—;-(2+co§ p))

Area of the triange OQR
=>x0QxOR

= %lsm P(2+c08? p)lx-;-{u cos? p‘

= fl_z-kin pl(2+ cos? p)z

z-;li_sinp(z-» cos’ p)z(sinp <0 --g-< <)

i Commented [CKI28]: Common Mistake

% Many students did not realise the x coordinates
1 of O Is negative or sin p < 0. To remove the

; \ modulus sign, students need 1o introduce a

I minus sign in front.

()

More papers available at wwwetestoapersiree.com




— 1

BP~89

{
l%smp(zi»cm 2y 0 o+l (N cos? p) 1
|

i

i Mid point of R =
. i

: 1. ) . 0
: ={——sm p(2+cos’ p),-i-(2+ cos” p) |
: 4 6 ;

-:Zsin p(2+cos’ p)

%(24—0051 P

1
y=2@+cos’ p)

y=-§~(2+(l—sin’ »)

yzgz——(Z?y ~4x? )

54y’ =27y% - 4x*
Cartesian equation of the locus of the mid-point of QR is 54y° = 27" - 4x?

More papers available at www.testpapersfree.com

[Turn Over

 commented [CKI291: Observation

| This question was poarly attempted. Many
I students did not attempt the question.

i

| Approach

. The idea is to find the mid point of QR. Exp
I andy interms of p. Then think of 3 way to
; of the parameter p.

L
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1 8 |{a) Functions fand g are defined by
i

‘i fixra sy, x<0,
! ’ gy 1 ., x>0
L x
% i (i) Explain why the composite function gf exists. muN
‘L i (i1} Find the exact value of £™'g” (3) Show your workings clearly. ‘ 03]
i [{b) For real values g, the function h is defined by
i
hrxax——, x<0
x
® f ais negative, explain clearly with a b ___| | commented [LT30]: Question Reading"
does not exist, {41 Many did not comprehend what it meansto be'
() Ifa=1,findb in similer form, 3 “welt-tabelled diggram. Some bad examples are
shéwn beldw. One needs to indicate the key

-~ More papers-ay

! thé condusmn

B Some'dnd hotindicate tha equa! sign
| statement made.

features of the cunre Tike turning point{s);

is importarit to teli the marker what the'
individual range and domgin weré before making

mented th]*Msm.,;. ]
mthis L

]Commeﬁted [LT33]: Recommendation
g (3)=k
= *‘(3) f&) "(3)"‘1;

So one need not find the composﬁe function to do |
this question.

()2 () ()
infact £'g"7 (x)= {gf)" (x)

e‘*af:i}vww.testpapersfree.com
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V‘? {‘; D), = (‘%X«,{))) -

{bi)

hix)=ar-t
X

W{x)east
=

2

Fora%——];: O A: =1 V':w
X

-a._

& g
i Q..(‘)NO)%

BP~91

Commented [LT33): tisconception
: | Many forgot that k must be in the demsin o
e equation {1} to work.

| Commented [LT35}: Misconception
. A number did not ideatify the corract vah

: the twrning point,
: Commented [LT36]: Prasentation

A number did not simplify the answer.

T o —g} (\/:;)
= Notethat,\[_. :«F SRRV
. € "a .

Commeénted [LT371: Presentation of .
and Question Reading
Many failed to indicate the key features ¢
curve {turning point, asymprotes) and sor
not even draw the required curve within

domain stated. One such bad example is
shown below.

A g, i b

W

Ve Gy 1

T Sl

ommented [LY38Y): Misconceptior
| To disprove that it is a ane-one functior
sufficient to suggest one particular hori:
line that violates the horizontal tine tes!
Many wrote “for al ines y=k, k is a rea
the line cuts the curve more than once
L5 ot true for fine y=0.

[Tura Qver

www.testpapersfree.com
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. iy Let y=h ()) = !
¥

Yoy —
X
i

Dwext -

5 —-xy—-l={}

(2) An arithmetic progression has first term g and common differenced , where
a>0 and d # 0. The eighth, third and second term of the progression are the
first three terms of an infinite geometric progression,

| Commented [LT39]: Misconception -
<" | A numbér did not select the correct equation

| that is based on the domain of h{x),

| Commented [LT40]: Question Reading

ber did not express the answer in the
: . I must be written in the form as
| How the question has presented.’

: A num

byt vt s

() _Find the common ratio of the geometric progression. 31
(3} Find the exact sum of the odd-numbered terms of the geometric
progression in terms of @, [3]
(b} A programmer coded a program involving a rabbit-fox chase along a straight
path to mode} the actual hunt for a rabbit by a fox.
The rabbit first hop is 1.75 m. In each subsequent hop, the distance covered is
1% Jess than its previous hop. The fox first leaps 3 m. In each subsequent leap,
the distance covered is 0.02 m less than its previous leap. Initially the rabbit is
60 m ahead of the fox and assume that the rabbit and the fox start and end each
bop and leap at the same time.
() By finding the total distance travelled by the fox and the rabbit after n
leaps and hops respectively, find the minimum number of hops and leaps
for the fox to catch up with the rabbit. 4]
(f)) Find the number of leaps the fox takes before it comes to a stop. Hence,
find the minimum starting distance, in metre, between the fox and the
rabbit such that the fox will never catch up with the rabbit. Leave your
answer to the nearest integer. 2]
Solution
{ai) Let b and r be the first term and common ratio of the G.P.
b=g+Td eememeeeimennes 4
br=a+2d -~ {2)
brr=a+d meveeremee (3)
From (1) and (2) gives
PRI S —
From (2) and (3) gives
br—br =d cemecarremeananeee (5)
(4) divides (5) gives

More papers available at www.testpapersfree.com
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R e —

E

So—

:
i
;
H
1§

b
i

=5

i 1"*')‘
M
NWMM

(x:»i‘} r-1) o

-[ -p e s

S —Grat=0

i
TEooof r=1{rejected sinee d ¥ 0)

- 4
i1} P 3y ~—bmd,
:}( ) From {5, Zib d

| And from (3), «:m%;-a

ey L b | commented [KSM41]: Question Reading :

E(S""’ )m -"-"1;."' 2 i | Grestion specified that the G.P. is infinite. Many ;

— 75“ = d:d not read this and proceed to find Sn. _

== gm{guﬁdn 5

—d Majority who got this wrong m;stook the first ‘

l——‘— %termofGE 16 be that'of the AP,
25

| “_'1‘.75"[1 ..};;wl' _‘;7'5 (1_'(') o)
__1-0% TV

Let}'-n(SOl -0.01m)-175(1- 099")

From GC.
” Y
53 $9.171 <60
54 60.084 > 60
55 60.987 > 60
"r]i"‘ «g’z*
(il) Let k be the starting distance between fox and rabbit.

For the fox to never catch up with the rabbit,
k> Max[ n(3.01~0.01n)~175 (1-099)]

To find » for which the fox stop moving, T, =

34+ (n—-1¥-0.02)=0
n=151

The fox takes [150 1édpe before it stops moving,

From GC, for 0<n <150,

i s s 1

Mare papers available at www.testpapersfree.com
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{ Commented [KSM42): Suratery
; There is no need to deduce the generalterm

i from scratch hiere, and many wasted time to do
56

§ Commented [KSM43]: presentation’

Students shou!d express this in inequatity form to
explain why the n obtained is the least.

Commenbed [KSMM} Presentation
Thase who fail to show' either the graph or table
will ot be' awarded full credit.

; Commented [KSM45]: lnterpretatson ang
¢ misconception

Here, at the 15ith leap, the fax would have
stopped its movement. So it's at the 150 leap
teforeit stopped. Hence, we ‘should anatyse th
graph of the difference in the distance travelle
within the animals’ first 150 leaps. Almost all
who did this part assumed that the minimum £
between the two animals occurred at the 151t
'or 150% leap. Do take néte the Maxirmum or

miniraum point of a graph may not vecur at its
end points.
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{
L
- : i i
- ! |
. : §
fe Ty e :
-»..“3“3”‘.?..’_?&‘.,,,_}23&8?1‘ |

k> Max {n(:s,m'ﬂ,ﬁ)ln'% 175(1-0.99" )| = 94.827

Hence minitoum £ is 95 m (to the nearest integer)

10

The production team of a i i

popular variety show, Sprinting Man, is preparing a site
for a segment of the show. In this segment, each participant is to sprint from the
starung point, go up a ramp and press a buzzer to complete the challenge,

S

plane, the top surface of the ramp has equation x— y—2z=3 (see diagram that is \ 1
not drawn 1o scale). Distances are measured in metres. &
(D) Find the angle of inclination of the ramp. 1 |
A spherical polyurethane foam ball of radius 1 m is suspended from a point H with
coordinates (0, 0, 12) by a cable of length k m, that is taut all the time. The ball will
be swung in various directions during the challenge to increase the level of
difficulty.
(i) If the production feam wants to ensure that the foam ball will never come in
contact with the ramp, find the range of values that k can take,

21

{31
The buzzer that the participants are to press is Jocated at the point with coordinates

(10.5, ~10.5,10.5). This point lies on a flat slant wall which intersects the ramp
along the line / with cartesian equation x= y+20,2=85.

(Hi) Find a cartesian equation of the slant wall. 3

A camera is to be placed along a line L with equation ¥ =12k + (i+3y), ek,
with its position denoted by C.

(iv) If the camera is at a distance of J254 m from a point P with coordinates
(10, ~10, 10}, determine the possible coordinates of C exactly, showing your
workings. Hence deduce the point on £ that is nearest to P. 14

Solution




i

() Angle of inclination of the mmp§

= pog ™! La

. 2
Z 008

17

7o | S

i

H

Jg 3526402353 (1 dp)

» H{0, 0, 12)

{
() A point on the ramp is A(3,0,0). Let the normal o the ramp be n =L

Shortest distance from H to ramp
=|4H.4|

1

)
-1 1,
~2

BP

- Commented [TCK46}: Question Reading
: The angle of inclination is just the angle between
. the two planes of the ramp and the ground,
; identify the nermal of these planes and take the
| acute angle which means 3 need {0 take the
| modulus value of the dot product,

Matwy answers wers complicated ang showed a
tack of understanding of the question,
Careless mistake
The dot product and the magnitude of the
normat vectors are worked wrongly.

4 Commented [TCK47}: Interpretation of
"} question

The length of cable plus the diameter of the balt
{i.e. k+2) must be less than the shortest distance

from H to the ramp if the ball is not to touch the
ramg at all.

Presentation

The quality is generally poor with students not
explaining what they are doing clearly and not
using proper notation, e.g., taking a position
vector and cartesian coordinates of 3 point to be

More papers available at www.testpapersfree.cqnj -

{Turn Over

the same, taking x to mean dot product.
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| « ) 1 ' Commented [TCK48]: Presentation
: Giylir=| <201+ 41 11, AeR. o 0 ,l;‘% .
i i Many still write f =1 -3 {+ 2] { | and not explain
H : 8.5 ] as o :
1 (105) (0 (105 what 1 s,

A vector paraliel to the slant wall ish ~105 {~1 -20 |=| 9.5 | | Careless mistake

N105 ) (85 2
Therefore, a normal to the slant wall is
1} {103 2

1ixi 95 |=|-21,

g 2 -1
2 105 2

r -2 l={~105 1.1 21=315
= 105 j -1

A cartesian equation of the slant wali: Ax~4y~22=63,

Many do not convert the equation of / from
cartesian to vector form successfully, This affects

-, ! all subsequent working.

Commented [TCK49): interpretation of
question

This question is about finding the equation of the
plane of the stant wall. To find it, we need a point
on the plane and the normal vector, We have the
point which is {10.5, -10.5, 10.5) but not the
normal vector. To find the normal, we need two
direction vectors parallel to the plane.
Misconception

- Many students took the normal vector of the
| ramp as one of the direction vectors.

e et 8 o " e e vy osibapersitee.com ..
l I ll- : rorepapPer
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? : Yo
| (iv) Camera lics along the Hine with equalionir =) O j+fl 3 LreR,
| \;2/ ,,0/'

As the camera needs to be 254 m from 7,
JU—T0F + (3 +107 +(12-10)° =254
(z ~200+100)+(97 + 601 +100) + 4 =254 ~
10r% + 40— 50= 0 L
\5-5“47 I (145} -1)=0 j
P10, - 10, 10) ca=1or (=-5.

) i’l‘he corresponding optimal positions are
Ga@waesosimy [T

optimal optimal

By symmetry, the point along the line closest to P is the midpoint of the two
optimal positions. Thercfore, this point has coordinates

{1-5 3~1§
3(—'- X3 .’.12).‘—‘(-2; ~6, 12)?

[Turn OQver

More papers available at www.testpapersfree.com
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e T

Commented [TCK50]: Careless mistake |
12 :

Toking 124 35 t ]
L&

7

]
l

“Commented [TCKS1]: Careless mistake !
{Errors in expansion. Students should perhaps use Ei

‘ me GC to solve as & safeguard,

-4 tommented [TCK52): Presentation

| Not giving in coordinates form but as cotumn

; { vectors instead.

i

{ Commented [TCKS3]: Presentation *
7| Instead of mid-point theorem, many solved from

| scratch for the point on L nearest to P.
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. 1T The cylindrical tank in a research laboratory has a cross-sectional area of 4m’.To

| coo! the tank, water is pumped in and out of the tank simultancously. The volume |
and height of the water in the tank at any time ¢ minutes is given by ¥ {litres) and
{metres) respectively. Clean water is pumped into the tank at a rate that is |
proportional 1o A% and the water is pumped out from the tank at a rate that is
proportional to A,

(i) Assume that the water does not overflow and that there is no change fo the height

of the water when A is 10, show that % = y—!&:—]ﬂ where k is a real constant.

{eClean water is pamped into the tank at a rate that

'} is proportional to k¥ and the water is pumped out

{4]
The tank was initially filled with clean water to a height of 2 metres. When the height
of the water is S metres, the yolume of water is increasing at a rate of 5.5 litres per
minute,
(i) Find the exact value of k. Hence find & in terms of £ {51
(iii) Sketch a graph of & against 2. Hence write down the minimum beight of the
cylindrical tank that will not result in the overflow of the water. 31

' | from the tank at » rate that is proportional to. k"

When & = 10, 2-;-,—‘—- .
dt

B=104

Since ¥ = #r*h (and given that base area is 4 m*)
~V=4h
av dk

e == By

d dz

= 4i‘3’—=,ﬂp’ ~104k
4t

dh  kh{h-10) k
T e T et
d 4

@)

arv
=55
di

sk(s-10) ,
4

§5=
11

L

50

an__11a(h-10)
ar 200

R SN LN
;h’»wb dh= I200 d

More papers available at www.testpapersfreé.'c"(—)‘nnfw

[ Commented [SH54]: 1.Question resding

The above yara ~ mfcrs 10 Vol of water pcr‘um't
sisme. Thus, the derivative %’« should be used.

The propdrtionality 6f constantmust be different
for the rate of Clean watdr putiiped in and for the
rate of water pumped out. Majority of students
used the same’ constant. S )

2. Presentationi / Conceptual undetstanding

dh =:v,4}';’j-‘- Bh (incorrect).
&

| dn

%
i
| = =0,k = 10, A( Ak~ B} = 0. Students used %

this derivative to calculate the value of B which s |
incatrect.” ~

if Students are using the below exprassionto

solve for B, then it is correct. o
T ‘ .
‘dh g _Ah*-Bh
T a4

dh

3.4t should be 9-{‘ = AR* ~Bh=0
(]

éh_{ _AR-Bh o
dth,, 4

Commented [SH55): Presentation

Final answer must be shown as given in the
question,




— 21
| 1 T e
v j 5 dfi~-~li~r4~c T
i [ (’x =5y -5 200 f

) (h=5)~5 ‘
’;m ‘**"*}—wk=~l-}~r+c z
S L b i 200 '; i
| n = ]0 11 e B
h ‘-““:‘iat‘f?l()ﬂ

i i
pﬁ%:é'ﬁ““‘

mr%}ﬁc

1~~—~-i

21
0 e
Minimum height of the cylindrical tank = 10 mefres

{Turn Over
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Commented [SH56] 1. Conceptual

mistake
« Many students, did ngt use the correr) techrinne
to integrate using Varishie sﬁnarab athod,

Method to soive - By Partist Fractions
Or by Completing the Square

i

i Commenbed [SH57] Presentation

1.Majority of students could not simplify
ix -10

A s 0 § 7?— if this was done earfier, then |

the fins! answer wil be neat and easy towork
with, -

in (functmn) is defined only when the
function is positive, In circurnstances that you
8re unsure, its atiways safe to place the
modulus. So for this question, many students
. omitted the modulus. E
3. Remcval of Modulus sign must follow

through in the presentation of the answer..

Many neglected this working and was
_penalized for not showing the removal of
modulus which will manifest + in the
subsequent fine.

"fvcbm'mented {SHSB1: Presentation of

Graphs

T4 inmal height = 2m must be shown on the
graph )

2.8ketch the graph i =

7 1o check the
l+4e &
shape of the cturve. Graph should only be
drawn on the positive axxs due to the context
of the question.
3. He«ght 10 rwust be captured as horizontal
asympiote and graph sketched must not touct
the asymptote
4, Many overlooked and lost 1 mark for not
stating/ writing the min, height such that the
| water will not overflow,

viore e
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&g ANDERSON SERANGOON
JUNIOR COLLEGE

MATHEMATICS 9758
19 Sept 2022
H2 Math Prelim Paper 2 (100 marks)
3 hours
Additional Material(s): List of Formulae (MF26)
CANDIDATE
NAME j
anss [T DT
READ THESE INSTRUCTIONS FIRST " | Question Marks
number
Write your name and class in the boxes above. )
Please write clearly and use capital letters.
Write in dark blue or black pen. HB pencil may be used for graphs 9
and diagrams only.
Do not use staples, paper clips, glue or correction fluid. 3
Answer all the questions and write your answers in this booklet. 4
Do not tear out any part of this booklet. 5
Give pon-exact numerical answers correct to 3 significant figures, or
1 decimal place in the case of angles in degrees, unless a different 6
level of accuracy is specified in the guestion.
You are expected to use an approved graphing calculator. ki
Where unsupported answers from a graphing calculator are not
allowed in a question, you are required to present the mathematical 8
steps using mathematical notations and not caleulator comrmands, 5
All work must be handed in at the end of the examination. If you 10
have used any additional paper, please insert them inside this
booklet, 1
The number of marks is given in brackets [ ] at the end of cach
question or part question,
Total

This document consists of 22 printed pages and 2 blank pages.

{Turn Over
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2

|
|
|
)

; Sccti(m A: Pure Mathematics |40 marks] |
(‘) T}xc SQUBLON 327 - Tz 2 1722 m = 0, where m is a real constant, has @ 10t :
I =1+21, Find the value of m, s
Hencc smg an'algebraic method, find sl the roots of the equation ; Cammented EKW(’V’l : Method
o 327241724 m = 0. Show your working clearly. 14 stidents should ot use the. GCLS fird thi f:ats\
i s tion requires an algebraic metho
(u} %Heme\ solve the equatmn 3 -77 U—» m=0, gmng your answers in the : ie giestion req
PO AU e U RS ¥ o mmmil”KW("‘a“’2 Methcd
form a+b1 where a b 3 R 12} 'udents are reqmred 1o use !he answars in (i} T
solve i)
Solution
(1) Since 2=1+2i isaroot,

3(142i) ~7(14 21} +17(1+ 214+ m =0

3{-11-21)=7(~344i)+17+ 34i+m=0

S+m=0
m=—-5

328~ 72" 4172 ~5=0

Smce cqefﬁcxents are n!l real z=

flex

1-2i i is a]so a root

(z ~2:+S}(3z—k} 3z ~—?z +l7z-+m

Comparing, 5(~k)=-§

k=1

(z-(+2))(z-(1-2))(32-1)=0

nzel42i,1-2, &
3

Alternatively,

Since coefficients are all real, so z=1~24i is also aroot.

={z-(1+2))(z-(1-2))}(32- k) =32 72" +1Tz4m=0

(7 —22+5)(32~k)=32 -7 +17z4m

Comparing coefficients of 2

~2(~k)+15=17
k=1

(22 -2245)(32-1)=0

Comparing, m=5(~1}=-5

. , 1
S 2=1428, 124, -3‘

0 %*lydl-»suo
W w

37 -
e

~ More papers available at www.testpapersfree.com

) ented iKV\r(WBI g ggt_.g .
me students “did not recogmze that the -
»co Hici ot of z’ s 3 and wrote 2k mstead

it of tme‘arfacmrs

fOOtS

‘The highest powet Y 3 so thefe should oniy bea: _




I SN

b1
L4 § o

Commerited R Wy Conen:

Note that the sign far the First ap ehs
should be BOSIBVG W substituting i
instead of 1w,

i e 20

. ’i : ; :
-~“"~"*g(f~21}, "g(!*Zl}. ~3

2 Relative to the origin O, the points 4, B and have position vectors a, b and o
 respectively. It is given that 4 and ¢ are non-zero sumbers such that la + yb ~ ¢ = ¢

_fandi«»pwl.

: Cg}inniégtexg IKW(Wsj: Concent
| Sorhe students did nat keigw how 1o Sinplify

| ) Show that the points . B and Cerecollinead,

The pngle betwreeh 410 bs known o be pitusé and that |42

(@) 1k denotes the area of tringle OB, show that (a-b)’ =4(jof —°)

(3]

D is a point on the line segment A8 with position vector 9.

By finding the value of a-b, find d i terms of m and b,

@) Itis given that area of wiangle OAB is 6 units?, =10 and that 40D is 90°)

More papers available at www.testpapersfree.com

[Tura Over

Commented [LT6}: Misconcention
Some confused it with the concept of coplanar,
A, B éng C are collirear means 3 points are on
the same straight Hine while 3 points being
coplandr means they are’on the same plane.

fisimportant 10 note that Ratio Theorem is not
a method to prove that 3 points are collinaar.
is & resull that works on the basic that the 3
‘paints must be on d line before having the
pasition vector of the 3" point to be expressed in
the form taught in the lecture notes.

Commented [LT7): Question Reading )
Some used the angle 0AS or ABO when it should
beé ADB. Note that the reguirement for dot

| product isto have the vectors to be converging

of diverging, . -

f Commented {LT8}: Misconception

- | Many students dig not realize the implication of

| having the angle to be obtuse means that
ia-b< -
_; Conumented [LT9}: Question Seading

i Some drew the wrong diagram whare it was
| interpreted as 400 is 90°




| Snlution B

‘43 h-a

E
4f,~t %
ER TR RN

G e

={4~Tla+ ub i o

= a4+ pib

= a(b-2)

|

. - R
Since AC = g AB forsome p &
collinear.

R, and ¥4 is a common pbipfhﬁ_}f:‘ggfgr‘el A, B, Care >'

(il)!k = *-gagﬁ;i

| point between the two vertors used,

- Commemed {LT10}): Presentation of apswer |
‘ Many did not make mention ofthe common |

i
;
;
i

w.testpapersfree.com

| [ Commentea PLTI1: Missonceion
e P R T i WA Ae TR I T R oAb A P R B e Rt At 5 A A A A """"""‘""%;" ! i‘nw’ygatowfﬁeitQSkv}—(axb\} or
k= —}a I1blisia 8], where 8 is the obtuse angle between 8 and b ‘ i !
¢ b Tralap s both Aand b are vectors,
¢ =pf snt 8 I R kit
k? = pff {1- cos’ 8) l 11
o
L
-
| !g i 'm] ngcnggtson R
e = 1 i . -—2 bl-i'b‘z whexx ﬁ
| ety H”bt co? (2408).
OD;s culartoOA e eniEiAmeRoNRARLEAELELALlSaTisis % 1 Commeuted (LT!S] -~
i Manyddnotuse thefactthatpo tD!
=[a+a(b~- ~a)]-a=0 for some 1R ‘1 k (vhe ‘me‘ ABC e D fineson
— .a)= b
=z(1 })i)M(+A()h a)=0 i i\
4{(1~A)+A(b-n)=0 i
b ‘= [»
2 2 i | Commemed 11,1‘141 Mrsmm:egmn .
As "b) 24‘(‘“ -k ) | J : ‘Séme thought that dot product must always gl
T i ‘nsetoaposxtwevatuewhxch isincorrect. The
(2 h) 4(10 -6 ) H I’conectdeﬁnithn should be
T | aeb=lablecsh o asp=2
N - N 0 T I s L QST =T
A T P (o}
t i | And ot cosB = —T- . We only use
% 1 hdb\
i X \ 9= . b‘\-f 1d that the anglh
€08 we are told that the angle is
I R T |
; i acute or when we are trying o find acm:ang




BP-~1057

b
e s !
3 (3)(1) Use the substitution w =1+ 5% to find f wdl | 14]
R - M |
(i1} Curves € and C; have equations ¢ = xe* - L and | :;Er
2e \?l vt S
respectively. The region bounded by the curves Oy and Cz, the y-axis and the
Hnex =1 is & Find the exact arcs of R, N I3
(b} The shape of a vase is formed by rotating the part of the curve x - 2} p A4 ;’ !
2yt 4
between y=0 and y = 1 through 27 radians about the y-axis (see diagram
below). Find the exact volume of the vase formed. {51
Solution
@) .
; 3 xetd K Commenttd [TCKIS} Presemauon . z
gj S o There is no need to replaccxby -1, ;
- ) " o - Slmply replace 2xdx by du, ;
""E I dy Altcmame]y, i
1+¢* . i
L J. dx = ! : ]
1(1-&-6')’ /l«l-e \/+e“ d" |
- “+& - _ §
2 ! . : J‘ Kt 1
Py = —=du
2 Teeh™ 2% i
: e f
=(1+c‘*")’ +e .-,J' el ]
) . ;I + c 2 f
Do not forgct t0 include chastant of & integration, |

[Turn Over
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: } 3f xam’ v 1 e N
(1) Area = 3-[ s d‘x‘»j xet "r——«.w}(}t
ol e % i )7

() Volume = §. | 2

SN O

—1’{: s 4 1-2 dy
a} 2y +1

’..“Comvmcnged {TCK16]: Concept :
Area of region is bounded by spper curve Coand
Cjowér curve G from x =0 to x =1, Hencethe
¢ inethod '
[ N t .
j{G-6) dx =L O, de- {;,( | de

Mariy are not farniliar with the technigue o

. LN
Cintegrate xet

Cai'relix:s; mistake

RS RN

‘Many ok =g as' 7.
YR 2 T 2e

; 2y 1
N VRS .
"’L[y 241 2y’+1}y

=x{}.j-§m(l+2yz)+%m~’(ﬁy)l

11 1
& 7|~ in3+—r=tan V2
,{2 Lo+ Tt J‘)

1
¥
]
i
1
¥
[}
14 ¢
f
£ D
i g K
4
- /
B gt o)
A PRGN TR -————
,I
v
A/ 7
4 / 4
4
' g
td
y

The product engineer of a facto

upper four comers of the box 4,

right pyramid, that is shown on the diagram above (not drawn to scale). The
rectangular box is contained in a right pyramid with a rectangular base such that the

of the two diagonals, 4C and BD.

The height of the pyramid is 3v2

thickness.

the bottom four comers lie on the base of the pyramid. O is the point of intersection

base is 1243 units , the height of the box is b units, where b < 347 , and the angle
AOB is Gradians, It is given that the box is made of material with negligible

ry crafted the design of 2 rectangular box, using a

B, C and D touch the slant faces of the pyramid, and

units , the length of the diagonal of its rectangular

¥ Commented [TCK17}: Misconception

R Lo % et
\folmnc':zj.?gm 274: x*dy oi“:rjox dy or
Lz‘ dy (many lefrout a)

Careless mistakes v
Many did not reduce ——y—j—Ll o partial
v - 2yl
fractions correctly.
Masy-applied thé technigie iti MF26 wioigly as”

seen bclow~ A

JZ}?Z.H/})‘; e

TR

= % tan™ (1%}-1—} {wrong)
The correct way is

o1 [,
JZWI’* 2jy’+% .
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M By finding the length of 04 in terms of b, show that the volume I of the
» rectangular box s given by ¥ 2541’(3»]3 ??\i sindl. e
- S, N £
| For the rest of the question, it is given that 8= X
: ww(ii} Find the exnet value of b which max{mmci V. Hetwe find the cost of
; manufactunng one such box if the material used o make the box cost $0.03 per
units, 16}
When the height of the box is at half the height of the pyramid, it is reducing at a
rate of 2 units per second.
(it}) Determine whether the volume of the box is expanding or shrinking and find the
rate at which this is happening, 13
Solution '
¥
1
[4
¥
£
¢
’f
¥
A D
7 a2 d
B w”'lf‘ 7 C
/k: —————————————— -
’ P ¢
’ d
IR S y
R ARYY) -
/i
@) Let O4 = x and V= volume of box
. . x W2-5
By similar triangles, = = x=2(32-b
y gl 2692) 392 ( )
IV = ABxBCxb|
z(szinp—)[Zxcos-a- b
2 2
1z
=25[2(3VZ-b)] sinb
2
V=85(3V2-b) sin@ (shown)
: - T a2
(H)IV = 4/3(32 -b)
ay fren ey e reme e .
T 4\6{—25(3\/'2‘-5) (3J' b) }
fTurn Over
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1 Commented [ABK18}: Appproach
For the volume of the box stated, quite 3 number |

af students use the foliowing:
=4x Arca of AdOBxb. Sincethisisa
sbow‘ question, a detailed explaination is

is not accepted.

S
i

needed why they formula is used. Anything basr:d i
* on assurption {even when the result is obmined)

!

;

i Commented [ABK19]: Strategy

in differentiating ¥ with respect to b, soma
students expanded the RHS into a cubic
equation. This is not efficient because when
solving dV/db=0, we have to factorise again,
Please think about the time constraint of the 3
hour paper,




i

B

For stationary point,

@i{32 - b}{hff» 35): 9

—h=2or b=32 (rejected since b < h)

dp 4«;’_[-—?1’( 1)+(%f b)(“ﬂ“(’wz i’}(- ]

" Commented JABK20]: Misconce ion

When solving dV/db=0, there should be 7 values
for b and ane of it will be rejected due o the
candition given in the question, Some students
i the process of solving and factorizing wil

i

cancel the facior {‘;ﬁ - Avl}, This should not be

done. 1t should still be considered for partof
the solutions obtained. When needed, it will
| then be required to be rejected properly.

=-4f 3[6b-1242)
=243(b-2V2)
¥ ——24«/540

; L.t

Thus sz maximised when b=yZ.

BC=4(3V2 —ﬁ)mg=4\{§
AB=4(3J5—-J§)sin%=4J5

=o.03x2[4JE(4Ji)+Ji(4J€)+ﬁ(4J5)]

= $4.64

dv 4y db
i) — = —
i dt db dz

‘When b:—z—J-,

%’:-Lﬁ =43 [zuf' —%ﬁ)(sd’ ——%Ji)x(-z units/s)

=363 units’/s

Since ?_V,L > 0, the volume of the box js expanding.
dt hasi

Section B: Probability aud Statistics {60 marks]

Two families, each consisting of an adult couple and three children visited a carnival
together,

The 10 people went to quene for a ride randomly in one straight line.

(i} Find the probability that members of the 2 families stand in altemate positions in

that queue. 2]
T the ride js made up of two identical circular carriages of five identical seats each.
) Find the number of ways the 10 people canbe seated if not all the family members

are seated together in the same carriage. {31

Solution

e s oo 56

More papers availabié at www.testpapersfree.com

Commemed {ABK21}: nadeguate steps

When proving whether b = & gives the
maxfmin volume, we can use {1} 2% darivative
test {2} 1% derivative test (sign test]. Notice that
sthe value of the 2™ derivative test need to be
quoted as part of the answer.

Students who did using the 1™ derivative test
{sign test}, 3 number failed to quote the values.
Values must be quoted to indicate that the siope
is either +ve 07 -¥&.

‘{ Commented JABK22]: Question Reading/

Interpretation

The question asks for the cost of material used to
maximise the volume. Material used is
dependent on the SURFACE AREA of materiai
and NOT the volume, A number of students
found the volume and use this to calculate the
cost.
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[}
(i) Required probability = 2X3K50 28 A a3 Y | Commented [KSMDStategy
R O IO Many resort toSlotting - Notice hete f sotting i
3 T i used, you can only slot in «:umegutrw oSG
71"‘26 ABABABAEAE or BAEAB}'XBABA i randomly

chmse, iy end u’

}.smatlont kke »‘SA A ;‘ &,
(i) Number of ways = Total number of ways without restrictions - number of ways |
...... . \x,hcre eaﬁh fanmy sit togather

. Commented (KSM24]: When ragdomly
T e g mémbers for gloups of same §ize n, you

10 dxvulé by n’ to° to rcmove mumple» :

g, ; a3 thée arcn'y.r farrangiiig the n

'Uﬁi tS l}s«(ﬁ‘w

= 72000

Method 2: B S b e o i A A
Case 1: 4 from one family, 1 from other family

S (-1 10, % ' x (5~ 1) 1= 14400

Case 2: 3 from one family, 2 from other family

*Cx 0y x (5 -1)1% 30, x *Cy x (5 1) 1= 57600

Total = 14400 + 57600 = 72000

6 | Ina soccer practice, the coach instructs the players 1o practise their penalty kicks. A
plaver scores if he successfully kicks a ball inw the net of a goal post. The probability
that a player scores on the first kick is -; For all the subsequent kicks, the

probability of scoring on that kick will be i if the player scores in the preceding

kick, and probability of scoring on that kick will bc ! if the player did not score in
the preceding kick.

(i) Owen kicked the ball three times consecutively for his practice. Find the
probability that he scored on the third kick, kg;l VET: m }ae scored only twice put

of the three kicks. o : Siditio
(i) Three players each kicked the ball four times consecutively for their practices, considered; Plenty ignored that..
Find the probability that one of the players scored on all four kicks, another

player scored on the first kick only, while the remaining player only scored on
the second and third kicks. [3)

Solution
(f) P(scored on third kick | scored on only two of the kicks)

_ P(scored on third kick and scored on only two of the kicks)
P(scored on only two of the kicks)

o HSS'S5)+P(S'SS)

(S5 5)+P(S'S5)+ P(SSS)

[Tarn Over
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L0593 (3sf)

10

U

(i Required probability = P(SSSS) x P(SSS'S) « FS'S85) =31

T (2 (4)3 21 (5}’ (3 1 4 1)
X — P T 31
s \5 56 s 6 s 5J

=0.00100 (3 5.)

Grade A and grade B sugar produced by a company are packed and sold in packels.
The mass of both grade A and grade B sugar sold follows independent normal
distributions with mean 2.05 kg. The standard deviation for the mass of a randomly
chosen packet of grade A and grade B sugar are 0.025 kg and okg respectively,

If the probability that the mass of a randomly chosen packet of grade B sugar being
Jess than 2 kg is 0.01,

(@) show that the value of o is 0.021493 correct to 5 significant figures.

Tt is given that the profit per kilogram of grade A and B sugar sold is 50 cents and 40
cents respectively.

(i) Find the probability that the total profit of three randomly chosen packets of
grade A sugar is higher than three times the profitof a randomly chosen packet
of grade B sugar by not more than 65 cents.

3

(i) Two packets of grade A sugar and n packets of grade B sugar are selected at
random. Find the smallest value of n such that the probability that the mean
mass of these packets being less than 2.06 kg is at Jeast 0.97.

{3]

Solution:

@  LetXand Ybe the random variable denoting the mass'of a packet of grade A
and a packet of grade B sugar respectivelyl

¥ ~N2.05,6%)
P(Y <2)= 001
;»p(z&:—:;"f_):o,m

2-2.08

= =~2.32635

[+
=> 0 =0.021493

{KSM26): Misconception
ré-exacited consecutively by the 3

sbabilities for each player: -

é
13 different outcomes. Many addup

-1 Commented {ABK27]: Inadeguate working
The problem of NOT DEFINING VARIABLES

j clearly stifl persists. Students are to take note
{ that defining variables clearly isnot only a
! requirement but also serves to provide dlarity

| for themselves in solving such 3 question.

|
|

Let C=(S00(X; +.X, +.X,)-3(40)Y

E(C) = 3(50)(2.05) - 3(40)(2.05) = 61.5

Var(C) =3(50)2(0.025?)+(3x 40)*(0.021493%) = 11.33957
Thus C ~ N(61.5,11.33957)

an




i1

PUSOX, + X, ¢ X )= 34011 € 65)

=P £6%) Z
= (L.85068
(. = 0.851 (3 s.£) |
» (ifi} Lot 7 be the mean mass of two packets of grade A sugar and n packets of |
grade B sugar., ) |
3 o XX,y 43: w4+ Y |
B &
_  20.025%)+n((0.021493°)
E(T}=2.05 and Var(T}= ey
P{T'<2.06)2097
~p z<w}zosz’
JVar(D)
=P(Z<2)2097
=>z, >1.88079

i
0.01 SRR ;

= >1.88079
2(0.025%)+n(0.021493%)
(n+2y

Using GC, n216.
Therefore, the smallest possible value of n is 16.

Altematively, ;
n P(‘I‘ < 2.06)

15 0.9699(<0.57

16 0.9736(> 0.97)

17 0.9768(> 0.97)

Therefore, the smallest possible value of n is 16.

In a public swimming centre, the time spent by a randomly chosen user in using its
facilities is T minutes, is known to be normally distributed. The centre manager
claims that its users spend an average of 50 minutes to use its facilities. To check this

claim, time spent by a random sample of 60 users were recorded. The data recorded
has an average of 47 minutes and a standard deviation of 16.4 minutes.

[Turn Over
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ion vari ivi swer
() Find an unbiased celimate of the population variance, giving your an :

correct to R dedimal places,

L

(i) Test, at the 5% significance level, whether the centre manager oversiated the
average time spent.

4]

4

- Commented [CKS28]: Ouestion Reading

Many students did not leave their finat answer in

| 2 dedimal places as required ig the question.

(i) Another sample of size # {n > 30} that was collected independently is now usfad
to1est, at the 5% significance level, whether the centre manager's claim is \va%xd.
For this sample, the mean fime taken is 46 minutes. If the resull of the test using
this information and the unbiased estimate of the population variance in part (i)

is that the null hypothesis is rejected, find the Jeast possible value that n can
take.

{4]

Solution

(i)  Unbiased estimate of the population variance

I %{15.4’) = 2735186441 = 273,52 2 decimal places)

@ Let the random varisble T denote the tim
facilities and b denoid ¥ popilation meas

spent in minutes using the poot
i€ spent in iutes lising the pool

To test Ho: p = 50.0
Against Hi: p < 50.0 (Centre manager is overstating the claim)

Conduct 3 one-tail test at S%~ exg}_gf significance, i.e., o =0.05
T BFESRan Y
Under H,,

Using GC, p-value = 0.0799976609 « 0.0800 (3 sf)

Since p-value = 0.0800 > 0.05, we do not

reject Ho There is insufficient evidence at

5% level of significance to conclude that that the centre manager is overstating the

averape time spent.

1 (i) Using two-tailed test at 5% sign

ificance Jevel, to reject null hypothesis, zeu.
must fie mmdethc critical region.

0 test Hq 1=50,0

w500 (Centre manager’s claim is valid)

Critical Region: 2% -1.95996308¢ orz 2 1959963986

Test Stagiine Za I=500
est Statistics, 2735186441 ~N(0, 1)
n
- Zote = 2500 $-1.959963986 oy — 0030, 21.959963986
273 5186441 273.518644]
n n

More papers available at www.testpapersfree.com

[CKI29]: Presentation of Working.
dents did not define the symbols used

63

ring. As the distribution of
, this will also imply T .

~| Commented [CKI31): Presentation of Working

| startof their working. -

Studlefts sHolld defire Hyand i, clearly atthe. |

]
H
P
H
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. 13
- afn 1 GsO0e - Al
m £ -1.989063086 o m—- 21859963986
4n 2 3241466658 or  an £-32.41466658 (rejected)
Vh 28.103666645
12 65.669

Since Mis an integer, the least possible value of & it can take is 66.

9 (&) A random variable X has a binomial distribution with » = {0 and probability
of success p, where ep < .5,

(i) Given that ,'P(X R ETIE "“;';. write down an equation for the valveofp, © ||
and find this value numerically. {2}

Itis given thatp = %

(i) The mean and standard deviation of X are denoted by it and o
respectively. Find P( —¢ < X< ft+, ), correct o 2 decimal places. | [3]
(&) Mr Chua attempts an online sudoku puzzle each day. The probability that he

manages o solve a puzzle on any given day is 0.75, independently of any other
day.

@ tF id; m%fﬁrggahgxiy%ahm*he $o1ves Kis third plizz]e

e eighth day.of his | [2]

is tilestion was well
amtlnar in soivmg thxs

(i) Fmd the probability that, over a period of 8 weeks, Mr Chua manages to
solve at least 4 puzzles each week. 21

type of questwn

Solution

(@i X ~B(0,p)
PX=30r4)=02
PX=3}+PX=4)=02

A 10, 3(1__p)7 + lﬁc4p4(1__p)6 =02
120p* (1~ Y +210p° (1~ p)* = 0.2

KUSing GG, p = 0.570 (rejected ++ p < 0.5 Yorp = 0.163 |- | Commented [CKI34): Comimon Mistake E

1 Scme students attempted to sofve the equatton ;

(2} 4D x ~ Bc10, 's-) algebralcaily They failed to realise that they E
7 VAR E wefe supposed to GC @ solve the equatson

x=E(X) =10(~5—)=2, a'2=10(-§)[—5-)=-§ *gmphxcalty, : S : *

P(f -0 <X<f+s)

=P(2 Jg<X<2+ Jg:)

=P(0,73509 X2 12649) = E Coftmented {CKJ35]: Common Mistake

=P(1sX<3) Many students attempted to standardize to find |
EPIX S 3y P(X =0} ! the prabability. They failed to realise this is ;
- 0.77175 question on Binomial Dtstnbunon not Norma!
=0.77 Distribution.

(b)(@) Let.Xbe the random variable denoting “the number of days in which Mr Chua

solves the puzzle out of 7 days”

X ~B(7, 0.75)

{Turn Over
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Required probability = P(X = 2)» 0.7§

= (.DOB6S

(i) L&t Y be the random variable denoting “the wamber of weeks in which Mr Chua
solves the puzzle at least 4 times outof weeks™ .

i
H

¥ - B8, PX 2z 4)}

¥ - B(8, 0.92044) B

P{Y =8} =0.55690 = 0.557
Or  {0.92944) = 0.55690 =~ 0.557

10

A bag contains nine numbered discs, Three discs are numbered 3, four discs are

numbered 4 and two discs are numbered ~1. [Two dises are drawn simultencouslyl | .~}

The sum of numbers on them, denoted by X, is recorded.

{i} Find the probability distribution for X.

{3

’ Cnmmemed [CKJBG} Presentation of Working |
| Many students did not knaw how to define the

1 randem yariable tor inomial distribution.
knappropnate letters sichas Z, Nwerg used in

{ définition of. random variables.

Commented [KSX37]: Question Reading

{ This means there is no replacement of disc.
} Henice total number of outcomes is NOT 81,

(i) Find E(X) and Var(X).

2]

(iii) T}vo independent observations of X are taken. Find the probability that the
difference between these two values is at most 5.

3]

(iv) Fifty independent observations of X are taken. Find the approximate probability
that the sum of these fifty observations is between 250 and 260.

3l

(i) Probability Distribution of Xt

X -2 2 3 6 7
PX=012 1 |5,3.2 4.2 |32 4.3
| BT e s R Mo W
1 b=l g =11 1
16 .3 '—"9' 12 —‘3"
1 1 2 1 1 1
m | 2N [} 2= [} 3 1] 6% 4] TX— -
) EO ( 36) ( 6) (9) ( "12)“( "3}‘(8"6)
46

=—-9—- or 5.1111=35.11(3s.1)

- (ar b (o sl (s o
-2

consider two cases {-1,3) and {3-1).

‘ Commented [KSX38): Many students falled to. |

: Steatesy
| Total probability should add upto 1. i

ir Commented [KSX39|: Careless Mistakes
/| Some students knéw the formula but did not find

9
Var () = EQ) - EX))

nau/

- 539
81

%this value correctly.

1 Commented [KSX40}): Strategy

Listing down all the 28 possible cases is not
recommended. For those who use this method,

few obtain the correct answer,

@ P, - X, | <5) =1 - KX, - X,|26)

Using the complementary cases to find the

=1-(2P(2, 6) + 2P(-2, T) +2P(-2, 8}+2P(2, 8))

answer is a better strategy.

pere e AR SO I
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(iv} Since n = 50 is large, by Central Limit Theorem,

[1 ; .
LetT= X + X, 4.+ X - N(Sﬂx%df)ﬁ%) iﬂt’l’m"“““‘c‘ﬁ

&
T~N(23005269v0

approximately
e P

P(2S0<T<260) R OA638E)

11

Research is being carried out to study the degradation of a herbicide in soil, The
concentration (in percentage) of the herbicide in the soil measured over a period of
120 days is recorded. The observations are listed in the table below. It is given that
one of the observations has been recorded wrongly.

Number of days (d) 20 40 60 80 100 120
Concentration {c) 60 57 41 36 313 3]

| normal distribution as well,

- Commented {KSX41]: Misconception i

students assume X folfow normat distribution.
Strategy ]

Students know that X' can be approximated to
normat distribution but do not know how to
proceed, Students could have tansidered finding
P(S <X« 5.2) .

By central limit theorem, if n is Jarge, when X
follows non-normal distnibution,
X, + X, 4.+ X, 3n be approximated to

(i} Draw ascatter diagram to illustrate the data and circle the incorrect observation, [31

For the rest of the question, you should exclude the incorrect observation, :

(i) Comment on whether a linear model would be appropriate, referring both to the Commented [KSX42]: Conceptual
scatter diagram and the context of the question. {2} Understanding

It is thought that this set of data can be modelled by one of the following formulae
afier removing the incomrect observation.

Model At ¢* =a+ bd

Model B: ¢ = ge™

More papers available at www.testpapersfree.com

There is not need to do this:
P(T < 260) - P(T < 250) because on the GC,
the function allows you o key in lower limit and

upper imit, since T1s 3 continuous random
varisble.

tf
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T et
L TG By calealen
{ (tiH B:t j"‘ﬁ‘mla“ﬂg the product moment correlation coefficients. explain clearty
— b which of the above models is a more appropriate model for this st of data. 3] |
; v ?m the model you identified in (3§} to find the equation of a suitable regression
: i line. and use vour equation to cstimate the concentration of the herbigide in the .
o sl after 140 days. 2
L {¥)  Comment on the reliability of the estimate obtained in (iv), Cin
(v} Give an interpretation of the vertical imercept of the regression bng nbtained | »
in {iv} in the context of the question, Ul
Solution : :
(D) e he . o i ; -4 Commented {SH43}: Recommendation
i R e e % A e rote sl 2 beling of =i
l (20, 60} | i 2.Correct plot with coordinate of the end points
60 x ! | must be labelled.
| | 3.Correct identification of the outlier - by
@ t | circling as per question requirement
50 Y
} Student who did not draw use the space well (%
x + of the space provided) to draw a well scaled
40 || dissram faced difficuley midentifying the ol
* {120,31) | comeety.
30 * x i !  For this 1opic, good graphing skills is fmporass
a g | minimize potential misiakes early.
? o ! ; 1 nns must be done well. Easiest way to score
> d E 1 marks.
0 20 40 60 80 100 120 Lo
i
(if) From the scatter diagram (after removing the outlier), as ¢ increases, ¢ decreases I
P e R i 2 -
at a decreasing rate. . Commented [SH44]: Conceptusl

Also, the concentration of the herbicide will not decrease indefinitely and become 2
negative percentage.

Hence 2 linear model should not be used to model this set of data.

: understanding
. Referring to the scatter disgram

1.Describe the trend of the scacer diagram
establish the difference when it is a bnear
model.
\hmg students described the scatter diagrare
i ~ag 4 increases, ¢ decreases.”. A linear mods
{ also described in the same manner {one wid
{ pegative gradient). So, o show distinction
 between the 1. We should deseribe it as

1 decreasing in a decreasing rate.
3
{

R SS—
emeermrasstrcbires

|
|
|
|
|
|

s ovaasmenioroon
;

| Referring to the context of the guestion
| 2. Do not predict the rend of the scater
¢ diagram as we do not have the data poin
. out of the data range. So, we should kee
| answers {0 establishing if it is 3 linear 1o
i then it should be decreasing indefinitely
i will generate negative values for concer
I Which is not possible based on the cont
i the question.
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i

Gy Using G, 7, = 092958 white fy = 022

clos 1 thanmodel A, mode] B is more

Since the r valug f(;r medel 'B is closer 1o -
appropriate for modelling this set of data.

(iv) ¢ = ae®

- a;;emed léﬂéﬁ]: Question reading

1, Qutlier/ incorrect ehservation must be

removed before calculating the 1 value for each

of the model. :
Many students did not omit this (40,57) from
their calculation thus prov iding incorrect r-values
for their models. Show your GC answers up to 3sf

then give final answer o 3sf.

Majority of the srudents did well in choosing the
correct mode! with ;ri is closet to 1. Well done!

T Commented [SH46): Things to note

ne=lasbd] [ T
From GC, Inc = 4.1696 - 0.00664784

lac = 4.16-0.00665d
When @ =140, Inc=4.1696—0.0066478(140)
£=25.5059=25.5
(v) The tfstimate T unreliable because the data substituted is outside the data range
{20,120] hnd so the linear relationship between d andlnemaynothod. . ... ...
(D) Tnitially, the concentration of herbicides in the soil N A P

Many students did not know how fo linearise
{c=ae ) to lnc=Ina +bd . And calculating
the value of ¢ posed 8 problern for masy.

: Commented [SH47): Things 10 note

| State the date range cleasly for the examiner
and add on 1o say that the trend may not hold
and thaus the estimate is not reliable.
2.Extrapolation is a process - of using 8 data
point{ont of the data range) to calculate an
estimate. It doesn’t warrant as an answer for
marks to be awarded.

Commented [§H48]: Things fo pole

1.Initist concentration of the herbicide in
perceniage
2, Finding the y — intercept when d=0.
3. Give your interpretation is required to show
understanding. Giving answer alone is not
sufficient.

et
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