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I An arithmetic series has fust terrn o and common difference d, where a and d arc non-zero. It
is given that the sixth, fourth and third terms ofthe arithmetic series are equal to the first three
terms respectively of a convergent geometric series. Find, in terms ofa, the sum ofthe terms
ofthe geometric series after, and including, the 15th term. t41

t,2 By rationalising u, = 

-. 

find an expression tor )u, .

Vr+r/r-l Et
Deduce the sum from the seventeenth to the hundredth terms. t5l

3 [It is given that a sphere ofradius r has surface area 4zcrz and volume - nr .l
A

J

h

h

2h

A ooodel of an observatory is made up of two parts .

o The rnain building is modelled by a closed rectangular box with two circular discs of radii

r cm and I cm removed from the top. The box is of length 2lr cm, width ft cm and height
2

hcm.
. The telescope domes are modelled by the curved surfaces oftwo hemispheres ofradii r cm

and I cm.
2

Both parts are joined together as shown in the diagram and the model is made of material of
negligible thickness. It is given that the volurne of the model is a fixed value 500 cm3 and the
model has extemal surface area ,! cm2 .

Use differentiation to find the value of r that gives a stationary value of ,S.

Hence, determine whether the value of r found gives a minimum or maximum value of S. [7]
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4

5

6

(r)

(a) In the case where I <t <9, sketch the graph of y -- f' (x) , labelling the x-intercepts and

the equations of any asymptotes. kave your answers in terms of L t3]

For the remainder of the question, assume that * = 1 .

(b) Sketch the graph of y = f(v), latetling the equations of any asymptotes.

Hence solve the inequality

f(,)>i-.\ / lr-tl

The curve C has equation y = a(ac - b)' , wherc a, b and c are positive constants

(D Describe fully a sequence of (no more than three) transformations which would transform

the graph of / = r'? onto the graph of C. t3l

(ii) Given that C passes through the points with coordinates (-1,147),(2,3) Md (4,27),

find a and c in terms of 6. t3l

(iii) It is given further that the point with coordinates (-S, ZS) on ] = 12 corresponds to the

y-intercept on y: a(ac-b)' . State the integer values ofa, b and c. 121

The integral test for convergence, known as the Maclaurin-Cauchy test, is a method used to test

for convergence ofan infinite series of non-negative terms. The Maclaurin-Cauchy test states

th^t

"For a non-negative and non-increasing function f defined on the interval [l,o),aseriesof

the form )r(r) conve.ges r J-r(.r) d: is finite."

tsl

13l

tsl

t=1

(ii)

Show that fr) i, noritiu" and decreasing on the interval [l,co)

Use the Maclaurin-Cauchy test to determine if i++ converges
-,=, l+ r'
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4

7 (a) Evaluate exactly J"cos(;)cos(;)+ z dr.

O) (,)
!]

y:2crr2lr+7

(n-2], tn-r), ai {a+rh (,=2)r lzn-3)r l,It -2rr lz,t L),-
2n 2n 2n 2n zn '-d- -'E---;- "

The curve with equation y =2cos2 x+l, for 0<x<ll, is shown in the diagram.

Rectangles, each of width a . are drawn under the curve. Show that the total area2n'
S, of all 2n rectangles is given by

4{*.' 1;;*"os' (ff)+... +cos, (+)}.. i3l

(ii) Find the exact snrn to infinity S. t3l
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5

8 A blogger reviews a data plan with unlimited data. The download speed is x megabyes per

second, I seconds after the download has started. This download speed decreases at a rlte
proportional to ttre difference between .r and the eventual limit of 40 megables per second.

The download speed falls from a value of60 megabytes per second to 50 megabytes per second

in the first 30 minutes.

(r) Write down a diflerential equation for this situation. Solve this differential equation to
get, as an exact fimction ofl. [5]

The total amount of data downloaded daily by time , seconds is y gigabltes. The fair usage

policy enforces that the download speed will be reduced to a speed which cannot be used to

stream videos if y > 500. You may assume that I gigabyte is 1000 megabytes.

(ii) The blogger starts using the data plan onthe moming ofa particular day to stream videos.

How long would he be able to stream videos continuous$ Give your answer in hours to

I decimal place. t3l

:r : -0.5 z =.2

y = f(c)

(- 4,7)

(a.75,7)

9
lJ

a

a 5
-a

t

I

y:0 -2

The diagram shows the curve with equation y=f (t), for relR'.r+-l,x*2. The curve

crosses the axes 
^t 

x:1,x=4 and, y=9, and has turning points with coordinates (-4,7)

and (0.75,7) . The curve has asymptotes with equations x=-{.5,x=2,y=0 nd y--5.

o I
.1:

(i) Sketch the .r*" , = j- , hbelling any axial interce.pts and nEning points, and the- r (r)
equations of any asymptotes. t4I
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6

For the remainder of the question, the domain of f is [k,2)w(2,a) , wherc t is a constant.

(ii) State the least value oft for which the function f-r exists. tll
The function g is defined by

2x+a ^gixe- IOr.r€ i<, J>r,

where c,6 e IR* .

(iii) Find the range ofg. l2l

(iv) Find (fCI'(0) Lrave your answer in terms of a and 6. t3l

- ln/v+l\
A curve Chas equation xz = --:!--+. Ttre points P and Qon C each have y-coordinate e-1.

(y + 1)-

(i) State the equation of the line of symmetry of C. t 1 l

(ii) (a) A vase is forrned by rotating the region bounded by the cuwe C and the line PQ
tbrough a radians about the y-axis. Find the exact volume of the vase obtained. [4]

(b) The normals to C at P atd, Q meet at the point N. Find the exact coordinates of.l{.
tsl

11 Do not use a calculator in answering this question.

(a) The complex numbers z and w are suchthat w-6az = -5ai + 3 and azz +iw=l\a+3i,
where a is a nou-zero real constant.

Given that lzl> t , fnd, z ail, w in terms of a (where applicable). t3l

O) The complex nunbers z, and z, are given by 3-ir[ and 2i respectively.

10

(i)

positive imaginary part. t3l

(ii) Given that z, is a root ofttre equation px' -9x' + 6x + 36 = 0, find the value ofthe

real numberp. Using the value ofp found, express px3 -9x2 + 6x + 36 as a product
ofthree linear factors. t4I

PartnerlnLeaming
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7

t2

The pichue shows a concrete sculpture in Rotterdam, Netherlands, made of three identical
square slabs of side 8 m. The three slabs are assembled perpendicular to each other such that
they meet at one cornmon point O. Each slab has one vertex fixed to the flat horizontal ground,

represented by the plane t , and one vertex fixed to the centre of another slab.

E

PA
PC

Pn

1T

The slab p o is pafi of the plane .r = 0 . It has one vertex, point l, on n and another

vertex on the centre of p" .

The slab p, is part of the plane .y = 0. It has one vertex, point B, on r and anotler

vertex on the cente of pr. The remaining two vertices are denoted as D and E.

The slab p" is part of the plane z=0. It has one vertex, point C, on a and another

vertex on the centre of p, .

PartnerlnLeaming
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8

The point O is takan as the origin and perpendicular unit vectors i, j and k are defined, as shown
in the diagram, with i, j, k along one edge of p., ?,, , pr respectively. For example, point D
has position vector 8i+4k. It is assumed that the slabs are made of materials with negligible
thickness.

(i) Show that a Cartesian equation of ris x+y-z=12. t4l

(ii) To make the sculpture more stable, plans are made to construct a vertical support from O
to a point F on n , such that OI'is perpendicular to a . Find the position vector of F. [3]

A pigeon is at a point P (2,1l,1). It flies in a straight line and rests on the sculpture along the

edge DE.

(iii) Given that the pigeon rests at the point nearest to P, frnd the coordinates of this point.
Hence find the distance the pigeon flew. t4l

Another pigeon has flight pattr with equation ':1 =2 -.y = , *, .'34

(iv) Without using a calculator, determine if the flight paths of the two pigeons cross. t3l
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2

1 (i) Given that / = sinr (2r)+ I , by using standard series fiom the List of Formulae (MF26),

show that 9o2+4x'+l2xa +40x6, and state the range of values of x for which the
dr

expression is valid. t4l

Section A: Pure Mathematics [40 marksl

(D Showthat a^=3.5"-tq-0.44(f.s-'-t) .

It is given that Lab ,,4 begins operating at the start of the first week with 0.5 million cells.

3

2

(ii) Hence, find an approximate expression fory, up to and includiag the term in x7. l2l

Referred to the origin O, points l, ,B and C have position vectors a, b and c respectively. B and
C are points on a circle with dianeter OA and circumference n units.

(i) Give a geometrical interpretation of la 
. bl and show that a. b = lbl' . t3l

The point D is on Ol such that OD:DA=4:5.It is given that -BD is perpendicular to Ol.

(ii) Find the cosine of the acute angle -BOD. 12)

(iii) Given that la " 
cl = O.a , fmd the area of tri angle OCD . l2l

In the controlled environment of Laboratory G,ab) I where cells are cultivated, the number of
cells increases by 250% from the start of the week to the end of the week. At the end of each
week, 1.2 million cells are tansferred to another laboratory for experiments. The number of
cells (in millions) inLab A at the start of the nth week is given by a, .

t3l

(ii) Find the number of cells in Lab A at the end of the third week, before the cells are
transferred to another laboratory. 12]

(iii) ln which week can the research first commence? t3l

PartnerlnLeaming
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A research requires at least 60 million cells before it can commence. To facilitate this, Lab I
and Lab B are to cultivate and combine all the cells in both the labs by the start of a certain
week. Lab I begins operating one week after Lab l. Lab B begins operating at the start ofthat
week with 0.5 million cells and cultivates 5 million cells by the end of that week. At the end of
each subsequent week, Lab B cultivates 5 million cells more than in the previous week.



BP - 353

1

4 The curve C, has parametric equations

x=4+4sn0, y--2oos0,

ouhere -! < o <! .22
Sketch C, , labelling any points where C, crosses the axes. tzl

The cnrve C, has equation y= x2 - ax,wherc a is a positive constant.

7(a) In the case where a = a, it is given that (4,2) is a point on both CrardCr.

Sketch C. on the same diagram as C,, labelling the points of intersection of C, and C, .

Hence, find the exact area ofthe region bounded by C., zr,d C, t5]

(b) State the range ofvalues ofa such that CrandC, meet at two distinct points. tll

5 The complex number z is given by z=rcie,u,rhere r>1 and -n<0<-lr,

(-;)The complex number w is such that ln; ,l= ,' *a ug =x-40.

(i) Find lwl in terms of r and show that argw = -0 . t4l

(ii) State lz + wl and indicate, on an Argand diagram, the points l, .8, C and D that represent

the complex numberc z,w, z+w and zw respectively. t5j

(iii) Hence show that the area ofthe qtadilaterat ACBD is given by rz s;n20-r3 stn9. l2l

PartnerlnLeaming
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4

6

Section B: Probability and Statistics [60 marks]

A machine has previously been considered capable of producing spherical pellets with mean
diameters 12.00 mm. After some modification to the machine, a random sample of 105
spherical pellets was taken and the diameter, x mm, of each pellet is measured. The results
obtained are summarised as follows.

Zx=126r.0s lx2=tst+s.+t

(i)

(ii)

(iii)

(iv)

Calculate unbiased estimates of the population mean and variance of the diameter of
spherical pellets after modification. l2l

Test, at the 3Yo lwe1of significance, whether the mean diameter of the spherical pellets
has increased after modification. t3l

State the meaning ofthe p-value ofthe test in part (ii) in context. Ill

Explain why there is no need for the production manager to know anything about the
population diskibution ofthe diameters ofthe spherical pellets. t1l

PartnerlnLeaming
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7 Independent events A and B are such that P(l) = 0.45 and n(f) = 6.

(r) Prove that l' and B are independent evsnts. l2l

For a third event C, it is given that I and C are mutually exclusive, P (,a n C) = 0.2 46
r(,1'nlnc')= o.t.

(ii) Write down expressions for P(A^B') arrd P(A'^8.\C') in terms of D. l2l

(iii) Find exactly the maximum and minimum possible values of P (A 
^ 

B) . t4I

Allysa has 20 blocks, consisting of4 sets of5 blocks. Each set consists of 1 triangle, 1 square,
1 parallelogram and 2 identical pentagons of the sarne colour. The colours of the sets are red,
yellow, blue and green. So, for example, the blue set consists of 1 blue triangle, 1 blue square,
1 blue parallelogram and 2 blue pentagons.

(a) Suppose Allysa picks 4 blocks and arranges them in a row. In how many different ways
can this be done so that the 4 blocks include all colours and all shapes? 121

O) Suppose instead Allysa chooses 5 blocks. Find the number ofways in which the 5 blocks
can be chosen ifthey include exactly 2 pentagons, at least 1 triangle, and at least 1 square.

t3l

(c) All the blooks are now arr"anged in a circle. Find the number of different arrangements
that can be made witl all the pentagons together and no two triangles adjacent t4]

8
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5

9 ln a game, a dealer tosses three fat six-sided dice, each numbered from I to 6 and a player pays

a stake of $,Lto guess the numbers that appear on the top sides ofthe dice. The number ofcorrect
gresses the player makes in one game is denoted by X.

5(D Show that P(X -2) and tabulate the probability distribution ofX
72

(ii) A sample of 30 observations of X is taken. Find the probability that the mean of this
sample exceeds 1. I4i

For each game, the dealer pays back the stake if the player makes one correct guess, twice the

stake if the player makes two correct guesses and ten times the stake if the player makes tlu'ee

correct guesses. The player loses the stake ifthere are no corect guesses.

t3l

10 (a) In a barber shop, the number ofmale customers who dye their hair in a particular day is

denoted byX. It is given that Xhas the distribution B(6, p).

(r) Given that Var(x) = 9.8466 and p < 0.5, frnd the value ofp. tll

(ii) Given instead that the probability that not all the male customem dye their hair is

tt7648
, find the exact value ofp. t2)

117649

O) Analysis ofthe customer demographics ofa hair salon over a long period shows that 65%

of the customers me female. In a day, the first n customers that tlte salon receives are

observed and the number of those customers who are female is denoted by L

(r) State, in context, two assumptions needed for lto be well modelled by a binomial
distribution. l2l

Assume now that f has a binomial distribution.

(ii) Find the probability that, on a randomly chosen day, out ofthe first 15 customers,

the thirteenth customer is the eighth and last female customer. t3l

(iii) Find the probability that, in seven randor y chosen days, there are exactly three

days with at least 8 female customers among the first 15 customers. [3]

ll Research is being carried out into how the concentration ofa drug in the bloodstream varies

with time, measured from when the drug is given. Observations at successive times givo the

data shown in the following table.

Time , minutes r5 30 60 90 120 150 180 240 300

Concentration (x micrograms litre 82 65 Z+J 37 22 19 t2 6 2

Calculate the equation of the regression line ofx on ,.

PartnerlnLeaming
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(iii) If 3 games are played, find the probability that the player makes a net loss.

t3l
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t2 (a)

The table contains information extracted from the health booklets for all new bom babies
in Singapore. It shows the BMl-for-age for boys aged 13-18 years in Singapore.

(i) Assuming that the BMI for lS-year-old boys in Singapore is normally distributed
with mean p and variance a2 , use suitable information from the above chart to

find the value of p and showthat o =3.656 correctto 3 decimal places. t4l

(ii) State, with a reason, whether the BMI of the combined group of boys aged 13 and
18 years can be assumed to be normally distributed. tU

O) During the circuit brcaker period, a restaurant in a neighbourhood offers free delivery
service to residents staying at Redwood Heights. On a randomly chosen day, the amount
of time required for food preparation upon the placement of an order is normally
distributed with mean 20 minutes and standard deviation 4 minutes. When the food is
ready, a deliveryman collects the food immediately and delivers it on bicycle to Redwood
Heights. The delivery time on bicycle from the restaurant to Redwood Heights is normally
distributed with mean 18.1 minutes and standard deviation 2 minutes.

(D Find the latest time a food order has to be placed so that there is a 95Yo chance that
the food is delivered to Redwood Heights by 7.00 pm. l4l

The restaurant owner also engages deliverl,znen who deliver on motorbikes. The delivery
time on motorbike from the restaurant to Redwood Heights is nomrally distributed with
mean 15 minutes and standard deviation 4 minutes. Both types of deliverymen are paid
only for their delivery trips. Deliverymen by bicycles and by motorbikes are paid at a rate
of $1.00/min and $ 1.20lmin respectively.

(ii) Find the probability that a deliveryman making I 0 deliveries by motorbike gets paid
more than a deliveryman making 10 deliveries by bicycle.
State, with a reason, which type ofdeliverymen would the cost-conscious restaurant
owner employ. t4l

PartnerlnLearning
480

Underweight Acceptable Weight Overweight

< 5tr percentile Sth - <90e percentiles 290th percentile

13 <15.2 15.2 25.0 >25.0

T4 < 15.5 15.5 - 25.5 >25.5

15 < 15.9 15.9 -26.1 >_26.1

16 <16.2 16.2 26.5 >_26.5

17 <16.4 16.4 - 27 .0 >_2',7 .0

i8 < 16.7 16.7 -27.4 >)1 l
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q,+ +'.,o" =Jioo-Ji;=1e 4=6

2n20 / sH2 H2 M3tb, / Pr€lios PI / Susscst€d
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o3 Solutions Marker's Comments

Volurde ofthe hemisphere ofradlus r cm =

Volude ofhemispherE ofradius r/2 cm =

Voluoe offto r€ctatrgu.ls. cuboid = 2i1

Total volume of tho Eodr I =? # * |o, *rr'

=1tt" +u"
4

Givea rhc voirmo of thc model i8 a fixed Yaluo 500 m3,

lra'+2ht =5oo
4

)2h'=s(y,-3-,g,
4

- r =(xo-1-'l''' l. I )

Surficc arta ofhcmirphcrc ofradiu r h =l{0"*'1=r"r'

surnoc ar€aorhemisphc& or"nr,"x r/2 ^=:V"GI)=|*'
Sur&cc arca ofdc palls aart rhe roof = z(:*') + zt' +Zn' - t^ - loxt"

=sh'-1,.i
sul&ro arE6 oftho floor = 2r'

rf4 ,\ 2 .

2[3 ) 3

l:"(;\)=*",
1
2

Majority of shrdenb aro abl6 to find I iu terms of r and henc.e

expr.ss S in terEs of r. Howevcr, either the carelessncss itr

difrereoriatioo of,s$.ith nsp€.ot to r or solving l[e #=o f"ato *
wrong value ofr obtained-

2r2{ / SID H2 Matbi / PrcliEs P I / Suge.st d Soldioos Prgc 1ot27
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o3 Suggertrd Solutiotrs Marker's Comm€nts

Total sur&ce area ofthe eodel, S =8r'-:rrl +2h'+2x/ +!t'

=l}h'+1tt'
4

Substitute I =(,,-;-')'r*
s=ro(zso-f;)'' + i

4

Differeotiating S with respect to ,:
ds =,or?)r_2-,lrrro _ 1-,') ^ *l-& \31! 8 /\ I ) 2

_(_ r s 
-,1(rro_1,;)-'' 1lrt2 i\ I ) 2

Eq*t"g # b 0 atrd using GC to solve,

,@ = , nro, *a, a7 = z.o1 t3 s.f.t
Y 3,E + 216

ld derivative

2
I 2ooo

\i3,r + 216
2.1

ds
dt

0.554t8E5 0 4.248207

Slope
. r = 2.07 gives maxinum S.

MaDy sntdetrts did rct rDrte use ofGC to robo !I = O or fild 6e
dr

- - d'sl
'!"r-lue ol --ldr'l-*

SoEo shrdEntr arc aot awale thal thcy Eust put ia specific valueo of

!{ *t"o o,ior,a" sira or 9I fq difrer€ot values of r' The
dr'-d,

I zrn
13r+ 216

2.12

d.s

d,
+

Slope

table is not

2020 / SL II2 Math / PrEliEs Pl / suggqt d Soldioot Pag.5 ofzl
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o3 Suqqested Solutions Marker's Commenh
Attemstiyely, by 2d de[ivative te€!

,, o", $l=,,_ = * .tsrl;l2s <o

.. slace S < o, r = 2.07 gives maximum s

!

of

2020 / Stl2 H2 Matli / PreIiD! Pl / Sug8.stcd Sohdio8s Pagc 6 of2?
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a

6+

Solntiotrs Msrker's CorBlnetrls
(e)

Y=r(?)

3

../t

!

+ ,((,-*,')1

-L

questio[ is 0o check whelfier students how how to sketch
f'(r) grdph, which happeE to be a strtrdad graph.
Itshidd be a clear ctd 3 Ear(s to bc pcrformed givetr the tevel of coElpeteDcy
ofthis cohort.

6
Many did uot sirrplified {1 which may pose a potential issue rtrd cedidates

are uDable to siloptry fJr&er.
For those who scorrd 2 mgrks, thc cotDEotr mistlke is to ,nark the point
/r\
It-f,O I on tle positive,r-axis.

Those who score 0 or I mmk should Eviev iheir lcamiag on sketching f,(:r)
grsph atrd sketching of statrdard c1rrve,s_ Oae possible tip is to substitute ] with
a num€rical \,alue.

The objective ofthis

o)

! = r(')

9. l._rt

(l) sketch tle complete graph of a rational functior
(2) Solve iaequality.

The specific GC skil iLolv€s the u.se ofthe zoota fimaiou wtich surprisingly
cras lot well pcrforEed by Eany aad rE$nted h thc followilg oistatcs : --
(A) Stationary poiats inoodectly located (einimuo poitt tocat€d where its j_
coordhate is Don-positive, or maximum located wheE fre J,.coordinato i! noD-
positive)
(B) UDable to dEciph€r the solutioa to the inequalir, especially for , < l.

The use of"ed" and coE ca iq tLe 6!al soluiioa caotiDues to stt cotrfusion to
thos€ without stsotrg corcrpt aad ttcre is quite g numbcr of such caadirlatcs.

Leaming objective:
Know how to use the GC to

2020 / St,2 tD Maks / PreliDs Pl / Slas6ted Sotutions
Psa.7 of 27
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Q4 Suqgested Solution! Marker's Comments
oq

The$aphsofy=10-x- , and /=i;_l hteNects

at r=p arid x= q.
Using O.C. to solve, we hs,c p=4 and q=7 ,

_q
Heoce for f(x)>-, x<l ot 4<x<7.

In additio4 fterp .rE matry candidates who attempted to solve the ircquality
madually evetr though the questiotr did not specifically state so, which also

could bave created unaececsary mistakes ia their fin l ,!swcr. This corr.ld have

also pofeotially res ted in tiEe loss for other questioos.

!
f
a

'D 3.
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Merker's CommeutsSolutions

Majority ofthe sfude s are ploficient itr lhe variable replac€mod to holp them

sequ€nc€ the traDsforBatioDs correrdy. Dcspite knowing 6c corect
lrarsfonnatioos, Eany sle pesalised for iDsc.€uate phrasiog ofthe dcscriptioos
Here are 6oEe coEEon otras:

l) Translate gr.ph by, (missitrg "utrits') in positive.x-arlr (should be
directiotr)

2) Scale graph by 1 udtr (should be t ctor of 1 ) iD 6e xdirediotr (should

bo prrrUcl to ther-rrlB)

A few shrdents did not read the questioo oarefirlly and gave the tra*forroaiou
leadtug ftoE Cto)=l inste3d.

TraDslate graph by, unib in the positive r-dircction

scale grapb parallei to lhc x-axis by a frctor of -l .

Scdo graph palallel to thoyaxis by a factor ofa.

Or

Scde graph psrallel to thc x-axis by a factor of 1 .

L
Trailatc graph by "- udts i! lhc positive r{irectioL

c

Scale gaph pa.slel to fto y-axis by a frclor of c.

(i)

MotE tbra 95% of Ae ftrdEaa solve 6e system of equatioDs E rlually (henc€

wast€d prroioirs tiEc duriDg the exam) siace thoy did aot Ealise 68t thcy could

coDsid6 dcl, abc, rt' uvuiablea.

Of6ese Bhrdents,the followitrg isgues vets obscn€d:

l) Studeots did Dot check tbal the solutions obained fiom solviag 2 e{oatioos
rimultancously ouct also satisfy the 3d equatioq

2) Saldents did trot coDsido t wten takitrg squalo roots;

3) Sfird@t6 6ade a lot ofcarelcss alg*raic aisbkos whe,n solving maoually.

la =a(-c-b)' =ac' +2-abc+db' 
- 

O)

3=a(2c-b\' =qac' -4abc+ab' 
- 

(2)

27 =o(k-b)' =l6ac'-Bdbc+ab' 
- 

Q)

Using Gc ro soh€ &r Sove eqo.lio[s, we gct

ab2 =75, dbc=30, d.1=12.

b
302

eF='
75 30

lhetjelorc a=-. c=-=
b' ob

(ii)

Majority ofstudeats left this part blalk
Offtose who attemptoq only a haodfrrl are successful.

The othors failed to ure pEt (i) answer to soo how th€ Poiot (-5, 25) is

tarsfondod to ggt thc value of t atld use part (ii) to get values ofa a.Dd c.

Shrdo[ts arc oot cogEisrnt ofthe ioformatioo given io the qucstion. Maoy gave

value-s of a, , ard . &al arc trot idegers atrd/or degBtive.

sinoe -lj! = o, we have 6=5

H*ce a=3, c--2

(-5, 25) --' (-s + D, 25) r
))'(*'"'

-Li! ..(iii)

2020 / SH2 H2 M'lhi / PrcliDs P I / ?rgc9 ofz1
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a

Q6 Suggdted Solutions Markerts CooBeots
(i)

Fo! r € [l,co), Lo<t*'t<1.

Since tan-tx>1>0 aad l+.x2 >0
4

rtu", !{} i" posi6rc.

I t+x'J

(t +,') I
1-----T -2xlat-t x

d
d, [+r')

'l+r'_"

l-2xtroa t
(l+x')

since 2r >2 and I < tsd-', <I. we bsve4 2'
2xron-t r>l*1.s7 .

Thus, 1-2rh-r.r <1- ! --l.Sl .0.

eu, (t + ;')' > o nor au real values of x.

mi" i-orioo,o d 
f - 'i)= t-z'*]'.0

' <L\ l+x'l (t+x,)'
tan_r.r . -}Ie,r,, 
1;T 

rs decaearEg.

ModeratEly well doEe. CaEdidstls are rEquircd to show that tan-t-r>o for 
]

, > l, but Dot all did 80 crnviEcingly. 
i

One common observcd incorrect method was as follows: 
,

As r-+-- tan-rr-+I aud l+-x'!-+0.TI tm't
-.2*_.,- . -..rercrorc, Ilr:

This ir irsuftcient as the cgd.idate [as not shown tha( E1-] 16 6e1 411

valucs of r > I . Similarly, this b alro iBufrci€.nt to show that fr# is

decreasiag for atl for ALL valucs of .l > I a8 lhis srgum€ot do!3 aot deEct thc
prcsenoe of any statioDary poiot or any palts ofthe fimcliotr that hay possibly
be incre.sing.

Most candidatas *erc able to ob,"i" d 
f ^"-')-l-L-]* *rr"otr.

dr\ r+r. J (r+l).
However, a Eajority did trot provide sufficieat ovidencr as to why l-2rtatr-' x
is nogative.

For this questior! aDy methods of proof involving the sketch of the grryb of
tsn-'-x

v =:-+ arc not acceDled as this does flot nrle out the possibility of there' l+x'
being statiooary poiots or parts oftbe graph that are iacreasiag outside the sketch-

2m0 / sID lD Matb / Prcliss Pl / sugg*t€d Soldious Psge l0 of27
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Solutions M{rker's Coltrm€trts
o)

l, fr;,,=1, #(*.4a,
-ll*"'l'1"Irl,

=(*"r)'_4
i'*-'i *=* i'--'r *Jt l+ x' x*), l+x'

32'

wtich is fnite. af"o, to- 11, 
*-': 

is troGtregative and

noo-incrcosing Hctrcc, by tic Maclaritr-C,aEhy t€st,
g taa_t r) .........: converlEs-i l+r'

I t'r )' r'
2\2) 32

(*"")'_4
232

_(taa'ar)'_(ta-r)'

=(*-'ilf -11'

2

l;l

A dec€Et pro!,ortion of catrdidat s ar€ ablc !o ob* (*r') 
ton standrd

iotogetiotr tcchoiques. Howcvei, the hedliDg of lhe infuity sigtr "o 
y,ar v€ry

l/m'J'I
poor. For emplc, insread 

"f 
*n*C Lt-r-l , catrdiddls should usc rhe

If,-'*t'l'
liEir notatioa to write it * lg Lf I . Si6il8ly, 6e incorrEct notatioD of

taor (co) should bc written ir a diff€r€rt DlDtrCr, for €[@ptc,

ti-(t-' r) =1, o''rs, -+ -, t^o-' r -+ 
1,,.

Please also uot6 tiet itr calculus, ),ou shorrld use RADIINS for a[ .trgles
involycd

Thc fmal oark for coo"lrdir" th"t iEI+ coNerges is not given for most- j t+t

iucorrcctly calcularcd vauo or l'E-'j a,.)' l+t
Some rvio coucluded ,h" i:l'; conv.rSes rDade an addirioual errc of

""r"r"a"t 
u "!$ converg€s to 14 ". 1xu *, 6o- o* ru11 * ,tru

,au" orur" i i!*
A 1+ r'

(Additional optional rctel th€ test does trot allow us to conchae Ut if (r)

div.rges if J-f(r) dx is trot fitrite.)

2020 / st12 t12 M'tbs / Pr.lills Pl / Sugglsr.d SohrioDs
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Q7 Suggested Solutiotrs Marker's Codm€nts
(a)

licos (;)cos (;) + z ax

= l" i*"(*)**"ot(t)*" a,

= [,t'"t+l';'u'"(r.*]"
=1,1*l,f*n's2 2

9: - +,t'
5

Most well done. A few took some oaoipulalion to got the $B
conecfly. A fcw used &e wlorg factor foEoula- A few did trot put
% or mdtipic the % to n. A few did 6e htegtatioo wrougly by
multhlyinS 5/6 atrd 1/6 iDstad of dividing.

oxi) SuD of&ra of2i Ectangles

- 2 (Suo of arta of ,r rlctatrgl.o fioE 0< r< i)

=2,ff{r(*)*r(t)+ +r(*))

= I{z-r' 1*;*r*z*r'1(f; )+r+ +zcorl($)tr+ zcor' (;)+r}

= I{zcoa' (5) + zcoa' 1g1t * z t"" (*) + u cos' (;) + z}

=?[{"*'1;1r-"19)+ +ooc'(*)+o}+!,,,

=?f {"*,1;;+"o.,1;)+ *-"($)}+,

This is patt was badly dorc.

Many studma fa.iled to realise rtat cos(5)=cos(1)=o so tey
ody aad (a - t ) rectangles to get the exprersioD

{z*s' (;)+r + z*s' (})+ r+.,.+zcoo' ($)"r} . It *oora

tteo bc obvious 6at this approach is wrory becsuse with ody
,-l rEctarulos, therE would ooly bc ,-l numbcr of ls, whioh
does lot tally with fte "show" exprcssioD"

hstead of usiag syEEetry, soEe studeds added the 2n tectaDgles

1{zcoe'(;)+r+zms' (fi)+r+...+zcos'({iL)*r} "ti"n 
i"

mt conect as they did not write 2co6'(f,)+t+2co6'2(;)tl in

the oiddle. Many wcre able to sum thc l8 to obtain 2n- 2n - | is

rct aeapted because question clearly stites 2r, rEctarylcs.
Studrots usiog this delhod 6ust rcalise th;t they have to $T ite 2
seri€s aod thc sum ofoDc seriad is €qusl to the olher by EFraery.

m20 / SH2 tI2 Marhs / PElibE P I / Suggcst l SolutioE Page 12 of27
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Q7 Susg€sted Solutions Marker's Comme0ts
A few sbrded obtained r idicatiag ir tleir diagrao by I xn (arca
ofthe rectangles below 6o gl?ph).

oxii) q = J'zcos'(x)+r &

=t'cos2x+2dx

[siu2.r - l'
L2 l.

This is part was badly do&.
Many studetrts wrife "As n ) @,2iln -+ 0, c,os h (hln) ) I, d..
Herc.e S- = z or 2n or whatevef'.

They failed to see S- is J-z*u'1r;*ra,
some student liok s- to J-2"*'(r)*r a,

!
;l
I
a-

81.
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o6 Suggested Solutions Marker's Comments

(i)

p= I 6l=- 1 toz
1800 2 1E00

& 
= r(,-+o)

i I *=f*a,
J t-40

hF-aq=Ir+c
r-40=err (',' r > 40)

x = 40+lct, where I i! 8 constad

Wh€o r =0, r =60,
A=@-40=20
Whetr r=1800,.x=50,

50 =,O+20e'6r +
Thus, we have

x = 40 +2Oe

This is a staightforwad DE question.

is a standard phrasing that

translate to
a(quantrty)

=,tGryressioo)&

There are students who stiu w&rt ro complicatE mstLrs by keeping I oo LHS

I I* * = i' * orby expanding 
I ;** = l, "

There arE also stubbom students who did Dot reoove modulus properly
BEF1ORE substitutiDc values. This should be done by cither statiry the caDditioD

;r)40 or tbrough fe'=1.

Foa co[drhoDs, the most comEon mistake is not to tske uota offie udts atrd

proce€d witl = 30 instead of , = 1800.

For final anrwer, it is also common to have corirsiotr over &gative siga. When
fte f vahe is ftgalive, and your foro is -,t , theo your final snswsr should lot
hav€ Degative sigE.

For final answer, some convert it to r =40+20(*)*1 , which is urn€cessary and

definitely time-wastiDg if doDe vroDgly.

TherE alt 2 mistskes frat caDlot bc clsssified:
(l) CEatinS a Dew coldition to substitute

- A sigoificast Durober ofstudents qested a new cotrdition of, = 1800
dr 50-60 -.atrd = = -_ -- . This is e siF of doing too Eatly practices aDdd, 1800 -0

compliccing tbe probleo to fit what you lnow to do.
(2) '40' is an outcast

- Eveo &ough affer htegratioD, we have -!=40+,{ct, snrdeds tend

to leave out the 40 *teD substitutitrg conditions
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Solutions Marker's CoEm€nts
(iD , r-L,ltr

t000, = J 
40+ 20c\'u 'z/ d,

= *, * -=?9-"[nh'i] *.'u11800 2

= 4o,* 
36000 

"(,*f 
i) *"

h 0.5
Since r =0, r=0, we have

Convartiag , to hours, atrd equating, to 500, wc have

Using CC, we havc , = 3.1163,96.
thus, thc use|r oao s&etlE for 3.1 horus contiluouslv

"G+,I'*,l-teooo-r**oh 0.5
40(3600,

36000+-
ln0.5

36000

In0.5

36000

Itr0.5

This is 6D iatelFetation-by-co[lort DE question, which was not well done.

Most students just equate x to 500 gigabltec to solve, which a€€ot that they
did trot urderstard the rclatioDship behve€n x md /.

Slrdetrt! who assuEe 1000/ = ), rnost probably Eotice the olEe frlrn the udb
B€csose, is Degab,'tes per secoad aad) is itr gigabytcs, wlictr is cssi6 to
uad€rstasd ftoa ihe exaEple of"spe€d in E/s v€rsus distallc€ ia titoEeh€s,'.

However, based otr Add Math Kinematics, we hsve lerrnt lhat we cauot fitrd
dis$nce just by muhiplyiig speed wih tiEe pt€n sp.ed is aot colstad. ThEs,
using this prior howledge, we can uow de<hce that 1000), = I, & .

Note that thc step to coDv€rt, to houN in the suggerted soldiotr is not a
necessarystep to solve (catr always do t}st aft€r solviag), but it does he$ to
speed up 6e GC proccssiag since tle oswer for r ooa, vril be sagu i,stead of
a sdigit aos*'er.

Also tro& th.t wLether it is based otr rourd-ofrto 1 d.p. or by contsd, the
aDswer Eill be 3.1 hours aad not 3.2 houls.

An a.ltsmative solutioD to this question is to Eeat tiee as discrete aDd use Gp
suln to solvc. A Eiolq/ thing to Eote is that ifyou teat r as disclcto, 6etr you!
fmal answer iD seaonds should be an integet, before you procass ,our answ6 to
hous. Otherwise, you src violatiBg your o\rn couditiotr.

?oz0 I slt2H2 Mrt}! / Prclins Pt / Sugg.sr.d Solutioss
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SoEe who malrged to proc.€€d bave a mtcoDception ttat c lrrust be 0 (whe!
: = 0 mdy = 0 ) wLich is not ffe case in this quastioo-
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Marker's CommeutsSolutioDs

Y=0-2

)(, 7
75.

1

rtrl

oi

1)

0

r\
'9,1

.\
(,

(r)

Mr{y studrot8 ar. oot slcrt to thc fict 6rJ thc EitriltruE t mitrg poht and toaximro fitrtriDg point havc tta 68trre J}coordinrlc. SoEe oven

skcbhed tbc oiaxinum trdDs poht (i.e (0.7s,])l ** *" *** aqroptote v = !, wi6o*.*ri".s u ] ' I

A Duub€( of studlats got tt€ Sraph wotrg itr .r < a . Thcy hought rs r-'--,,-!.

Majority ofthc students got 6c conect asymptotes but missed out labellitrg the Phtercept.
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o9 Suggested Solutions Marker's Comments
(ii) For the involse offto exi6t s&allest f= 0.75 This is well-done.

(iii) 2t+agi xF' 

-

for reR. x >D.a,D e R*

The s-aoh ot , =4i3- =z*9!4 ha5 vcrtical- r-b x-b
asyqrote r =, aod horizoatal ,.symptote), = 2.

For the domatu .r>r, Rs =(2,@)

Mray strdeft applied loog divirioa to Eakc the iractiotr iato prop6 rdional
fEtrotio8 to deter6i,1e lh6 co[€ct aquatiotr oflhe horizootal asrdptote, excopt
that they did not note tho given doaaia is , >, , lhus statod lhe wroog larue of
g(').

(l9 fe

/. \ l
ts,,

kt (&)-'(o)= ,, too & Erppitrs abovq &(r)=0 ,

which implioc g(x) =r'(o)

s f

Tfris p6d is poorly altctopild as 4aoy sfirdeats left liis blsrrk

For those who atteopte4 many oftheo did not fully uDdcrst Dd the coacepts of
the codposite mEpiu& Commotr mistale aadc was that tbey took

(&)-I (0)= r'gr (0) atrd kied wals to fitrd itrvcrse off

Alofter observation is lhat some shdeots gavc two aD.s\ters wihout rejectitrg

one ofthe als*ers. They should ch€ck &at the valB€ ofl lies iD lie dolrrain of
g, i.c. x>b .
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o9 Suqgested Soluhotrs Markerts Comments

,,, =,

(re)'

FrorD the gaph offitr the doroain [0.75,co), r'(0)=4

Solve g(r) =c
2x+a
r-b
+2xta= 4x-4b

-21= a+4b

+ x=0.5a+
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0 Solutions Mrrker's ComEentj
(i) r - 0 (orlaxis) The toost obvious Dethod to Dotic€ ih€ s)rose&y is thrcWh I . It Ee3tr! &at

oy value 4 atrd it3 rcgstive versiou -4 wi[ Foduce &e same RHS value,
which implies the same tvalue. Thls, thc orrve is symetricsl iD the lsxis.

(iiXa)

=,(-r."1, df,
rr) l-rf

=nl -- l+rl- I

\ e/ [(y +r).]o

=.f-l.)*.f-1*rl\ e,i \c J

='f,-?l

tThose wto have recaived P for this palt Deed to Eaiew
FesedatioD for iltegrEtion by parb.

Volume

-"1 -oooo,lil
=^lt,.1"t'.'1"

'i:'
'I

h/v+ll
(v *t)'

fryr,tr*r10,,

the graph looks like and the way to do it is

by rcflecting ia ,, =, and look tik; 6is (s€. riCht).

A quict check aDd we would luow the clEvc passes
tbroug[ 6e origin, which is lhe loyredt poid sitrc€

- h(v+11
,,<0 cslrs€s f = :'- :r, to beuDdefircd

(y *t)'

The r€st is just pure int€gation fechDiques. ODe

comrootr €lror is str littilg $c iDtegrmd into !1/1.!)
v+l

_l
alrd ---- . AgalD, this is s sigD of doiag too Eatry

tLtl ll.tz ?t.tt
$.Y,51@
l\Y2E -Y1

, arld a.nd into the cC

Thus, we know tbat the actual gEph could be derived

to

o

We should t_y to get a seDse ofhow

to 6t wiat have done beforcand the

2020 / slD w Matb! / Pr.liDs Pl / S]]glst d Sohni@s
Pas. 19 of27
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o10 Suggssted Solutions Marker's Commeots
(iixb) - ln(v+t)

{ = -)7-L
(Y*t)'

;'(Y+l)'=ta1Y+g

*lzg.rytf,x9.')'=#*
wheu y=s-I, ,,=!9=+ + x=t!

(")- "' e

wh* r=1, ), = "-l,.u h"r,
c

t.9,,tb *?1s' =LdYc.r rdr €\, cdx

L9=-*
edx

b =-*,dr
Thus, th. cqE8lio ofaorDrl ir

,-A-\= rsL(
I

Si&o C b syDEetical 6bout Scyaxis, aad P and @ share

the samc ).ooordiaato, thet nordals must Boet 4t thc r
axis.
Wh€o , = 0,

"(''"-#-')

Those wto h.de mistakes itr applying quotieot rule atrd chajn tule leed to review
their proccdures.

It is depressing to sec the majonty trlDg to make 9 or I the subjecr, ,rhicbd" dy

is atr uDec€ssary step. The RICOMMENDED way is to sub t snd, values orc€
the ir0plicit differsutiatiotr i6 compieted. Be.ause values are essior to msnipulatE
thatr exprrsEions. We eBphasised ftis duriog Maclauritr Series.

Th6e ate strdeob wto did trot how tbat we are fndilg EorEsl or they did trot

loow thal gradieff ofnonnd t -r+fl, wf*n fte fl should be a value (oot

sa expressiou io r and /).

It is heartEniry to se€ studeots making u6o of the clue ftat r = 0 is the line of
syEr.Ereky to solve for the fiml answer, rather than repe3thg the dEaded
procedure offinding noroal agail

ForthosewhowE ahead to fird the 2d trotraat, the checking oochaniso should
be lhat thc SradietrE ofde 2 mrEa.ls should be oeSative ofeach otber due to the
syromety (not totally diffErEtrt vatues).

It is ako good to rcb &al oD.ly a tilly mii]ority did not give answer itr coordinates.
Most studenb are- scnsitive to t[e required forE. Goodl
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011 Suqgested SolutioDE Msrker's Comment3
(a) w-6az =-5ai+3 - (l)

a? tp=loa+3i - Q)

Muftiply (l) by i:
iw-6di, =5d+3i -- Q)

By eliainxioa aoftod, taking (2) - (3)

a? +fuiz=5a
+21+6iz-5=0

Jil 6r'-40)(-5)
20)

-.6ir J-I5
2

Jir4i
2

-loi 4

z=-5ior -i (rojooted siace 14>1)

Substitutr z = -5i into (1):

w = 6a (-si) - sdi +3 -- 3 -35ai .

This was badly done. Students attempted lhc qucstioa by substihtion me6od
and then cooparitrg the real path and fte inagimry parts. Careless mistakcs
are coumitte4 henco many sfudeots lost the accuacy mark

Some students did not reject z = -i 6s they did not realise tllat lzl = l.il = I .
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Marker's Commetrts1l SolutioDs
This part of the que6tion is averEgely dorc. M@y stlrdenb hew how to

/-r\"
qrply c.orrecl properties ro 6nd argl ! | . nut 6ey aia not exprcss &e

\2, )

,rgl ! | io prin"lpa .^gE, h€flc€ did uot rqlisc tfral their filal a.oswcl do

rct result itr i eg.rvalues ofr.

Matry did not observe thrt for argumed of complex oudtels which arc

Fuely in,gin,ry with a positive idaginsry pa , the argume s are

=(4r+\r,kez. They did not rcalisc 6at the

arguoetrt (2t+0;, *eZ, include cor{,lex trurEbe$ which lie otr the

rcgdive i-.qiasry aris.

2 2 2 2

some wrote t e R. , which was wrong.

3n tt 51r 91t

,J3 t . n
arcz. = -tall :=-- andarqa=-

1 6 -'2

to be purely imaginary with a positive

For iDtega ,t =..., -3,1, 5,9,13,...=4k +1, k eZ

zi

={+*+\L,P.7

arg
)

2

",'arg

)

2

1t (in priDcipal raa8e)

2
(at +r)L,

2

For

2 2 2

lr-

3n fr 5n 91t

inagEary pa!t,

JL

= r(uerr' -uc+')
= 4(3 te zt -2uE zr)

=.[,({)-'(r]
3t

argl -;
E

(bxi)
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011 Sussested Solutiotrs Marker'3 ColnDcntr
(bxii) a' = r-r-t(oJ?)= r-i(0./i)

"1 
= zt - i(n 

^E) -n *p$ = ; (z.f:)
sinc.e z; =3-ir/i isarootofpd -91+6.r+36=0,

r[-(2.@t]-{e-(eia)i]+e(:-i.6)+:e = o

z[-(zrfr]=(*'Qt
P=2

Many sn detra hew that ttey are to rcplace , with 3 -i..6to sotve forr'

The whole ofQl I stat€d that tle us€ ofca.lqrlator is not alowed is anrweriug
this questioa sDd,,€t a handfirl ofstudr ts n! rct mindflrl and use GC in lhe
calculatioD-

Sinc€ the coeffcie s ofae pobromial equatioo are real, by

conjugate theorem, a = a + (J5)i is 0,16 ofthe roots. thus, the

rEEainitg root is a rtal root.

Irt the remaining frctor be 2r+a. We have

2l -st + 6, +36 = (2x-a(,-:-(fQt)(,-:-(../')t)

=(2x+a)(xt -6x+r2)
Byob6.nati@,a=3.
E -st +6x+36 = (2,+r)(,-:-(Ji)r)(,-:.(J5)r)

Note:

zt -st + tx+x *(xrl)(,--(.6),)(,-r-(.6)t)

* (,.]) " -, "*.0"a

comotr Eistakc made is they left fte mdor as (:r + 1) .

some sttrdeurr expr€ese.d rheir arswu as (2.r +3)(3-(JI)'Xr-(16),)
which they failed ro utrderstad wtrt is Eesnt by frctor.
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O11 Sugg€stcd Soludons Marker's Comnrents

Altumtiveln
Since the ooeficieols of tho polpomial cquxiot dE re.l" by

coojlgatc thcoreo, ,, =l*(Ji)i ir one ofthc toob. Thus,lhe

r€rnaiDing root is a rgal root.

px3 -st + G $6 = (.1r+a1(,-r-(Ji)r)('-r-(Ji)r)

=+ pl -9xz +6x+36=(*+ o)(x'-et+o)

By crEpsrilg coefficient of

cosrt nt tcrm : 36=128 + B =3
3 t4=-4A+B+ A=2
:.P=2

..Lt -sx' + 6x +36 =(2,-a("-:-(./T)r)(,-3-(Jt)t)

2020 / SH2 H:l Mlths / Prclims Pl / Susseltcd Soluloo! tue.21ofz7
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Ot2 Suqgested SolutioN Marker's Commentl
(D

t1l
f8\

i,
til

l

_ r.)
oc=lBl

l''l

"[1] CI

OA

/-B

OB

.I
2

-l
I

Norraal ofplanc /=
2

-l
I [;] [j] 

-[j,]
Equation of ,'

.[j,J 
[i][

,+Y-z=12

t
I
-t

=12

Tho question was well doue ou lhe *'hole. Students bow what to do but some
were on blc to find the position v€ctors of d B arld C. Nevldhol€os mrrts are
awarded for tbe Eethod of findiag the equatiou of tle ptarc.

(ii) Equatiotr of line consistiDg of o and F
l)

l,J
For coordiBates of4

,[_f 
[],J "

)"=4

This part is also well doft evea for studeDt who werE urlable to fiDd the corrEct
positiotr vectors €adi6 oL

It is Dot recoEutrotrded for students to meBorizo and use the formula for
projeotion vcctor for a siople question offitrding the foot ofpeQendicutar. Some

studeBts rebembered the vmng formula for fitrding the projeltioD ve.tor and

misuse it ia this case.
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o12 Suggested Solutions Markcr's ColEmeuts

r'l
oF=41 t I

t-,
Coord ofFis (4,4, -4)

(iir)

Equation o,inc DE:' = l:l. ,[ll
Gl t,./

Irt tho poht on DE ft.rest to P bc I ivtose p$itioo v€ctor

," l';'.l.
IoJ

[['t] li)CI,
6+1=O

l=-4

Her.ce, OQ=

CI
ShortEst distauce ftom P ro line ED = PQ

2

0

4It
2

l1

IlI
0

lt
3

= JiJd -
The 6honest distama the has to flyis Ji3o m.

This part is also well dotre- IIowever, many studeds did not read the question

carefully and did oot use " hence" to 6nd the shortest dista[ce. No ma*s are

aw,arded for such students eveo whetr the aDswer is coiect-
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ot2 Suggested Solutiotrs M.rk€r's Comment
(ro I

2

-3],,Iil
J.-l 2-v z+3
341

f2\ /o\
'=8.'l']']
Eqratitrg lhe two flight parhs' equations,

1+1p

2-4p
-3+ pIt

2

-tu.
4+31

Solving Ore first 2 Bquatiols, we have

"=L ^"a 
t=-L.'3 13

Howev6, substituting in trc third equatioD, ve have

-1 842 2
-!+_=__*_=4__3 3r1 11

Ttus, the flight palis do trot cross.

Some stud€nh 6rc unable to vdte down &e coEect equation of the lines,
Nevcrtheless, full ecthod ma*s are awarded if they equat€ the 2 equations ad
show that therc is no coDmofl poiit ofiDtersectiou. No rrarks e awarded ilthe
studeuls use GC.

Almost all the studenh litrow the Eetbod to do this questioit.
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Or Suggert€d Solutiotrs Merker's Comments
(D

), = sin '(2r)+1
dt_
d.r

2

@
=2( I ax') t

I l
2,.[-i)( 4x2 )

2
)+

2l

1 3 5

2 2 2 4xz )+
3l

=zlr+zl +e/ +fi* +...)

*2+4x2 +L2x'+4f,x6

the oearsion of (l - ax'1)l up t and includiag the

tcrE itr 16 iB v8tid if
l+rl<r

1l
--<r<-22

Criticalelro,isia-'(2r)=,1-.NotethstinversefunctioDsfortrigouometryare' ' sin2x
aot rEciFocal firnctioDr. Thae is a reasoo wLy we have thc cosec fimc{ioo.

The 2 clues to loow how lo rypmaoh ae:
- Quostion says stsndsrd sorics (not by diftrentiatiag), atrd sitr itrversc is not

otro of6e staIldard !€ries.

- Qu.stions asls to fiDd *ries for $, notr. So wc should at least fud oul

- dv-
whel rs : trnfl

dx

B€oau.se this is a'Bhoe/' qucstioo, it is ioportant to pftstrve the iDterDcdiatc
workilg, csp€oiatly betwe€o tte coeffioic$ts atrd &e \.ariablos. E.g.r!)ri) r1)r1Yq)

'-[i)1r,'p\zp 1+,'1',\2Xlk)gt)r is Eor acccptabrc

Therc 8rr a lot oferroE aod carelessness ia solving the imqualities. Noo-siEplified

6ral an$r€rs are oot a.rrpted, i.". -fr . , . f -a l! < | (eo"snoo arr ro. ,,

aot lxl).

(ii) y -Jz+ll +l2r' +lf,x6 dt

=yr*!r, *l3r'*9s *"357
whea r=0,sin-r(2x)+1=l =
.'.sil-t (2x\-t+zx+!S .!S -ft

Most sfirdeEts who usc lhe integalioD approsch left c as it is o. totally left out c.

Sludeats who did r€peated differentiatiotr usualy ggt the futl 2 marls, but the
effort/tiee sped to gct lhis 2 darks is oot worth iL
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Q2 Suggested Solutions Marker's Commetrts

B

o

C

Ar lal=1, l.'bl Eprts.,rs either

(1) lhe lengtt ofprojectioa ofb otrlo ., or
(2) the leqlh of OD.

Ar ,{, ad b &! pc.pendicular (poperties ofseiai-circle)
b.(b-r)=o

lbl'?-a.b = o

..1 = lrl,

The coomon mistake is 'rhe leDglt ofprojectiotr ofs otrto b", wiich shows
that lhele wEs tro ideatification ofwhcthcr e or b is & unit vector. Foa these

geometrical hterpretatioo questions, ideoti.$ing udt vector is ar1 important
step.

soEre did not state thsl E aDd b are pEpcadicular before b.(b-r) = o

oD:DA=4|5e ld]l=l"l=t
Lat a\ele AOB = e.

*,a=ffi=ffi=u.

Most shrdeats are able to stow cos I = lbl or ;fo or somethine" after afftfine

r.b = lbl'

2020 / sH2 H2 Mat!' / P.clia P2 / Suggeet€d Solutioa Pag.2 of22
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02 Suggested SolutioDo Mirker's CorlrBr€uts

Consideriag triaogle lOB, cosd =
lbl

hl

l!1
hl f =r"r'=1r'r = 1 as e is a rmit v€ctor

9

Hence cosg = ?
3

Arca ofriangte ocD : +(oD) (heisng

=+(f)(...)=t

on jloc,ool =l[,1J=1[1]roor= a 
= 

+

21 9l2\e)' 'e0 4s

Mostly well dotre. Th€ Eost comrDon Eistake is to t ke tie ratio to be 4/5,
rsther tl6n 4/9.
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Q3 Suggested Solutiong Marker's Commetrts

(r) az=3.5q-1.2
a"'=35q-1.2

= 3.5(3.5q-t .2)-1.2

4.57or1.2(3.5)-1.2

=3.51q -1.2(l+3.s)
4. = 3.5[3.5'4 - l-2(l+3.5)]-1.2

= 3.5'd, -1.2(1+3.5+3.5')

d. = 3.f,4 o;1.2(l +3.5 + 3.5' +... + 1.5*z )

=3.5^-t q-1.2 0) 3.5', '-,
3.5 -l

= 3.5''4, -0.48(3.5" -l (Sho*r)

Isruing poids:
. "the nu&ber ofcclls increases bv 250% from the start ofthe wcek to the

etrd ofthe weef'. So before the kaDsfe.r is dorc, the (total) uuEber of
cells at the e d of thc week is 3.5 tiEes the amoiEt fiom thc strn of the
P€d.

o Thotc is a need to show olear GP patteE before the application of
formul& i.e. wdtitrg out of&e followilg liDe i8 the prefen€d

a, =3.5^ q -l 2(L+3.5+3.5'? +.'.+3.s"-')

Common mistakc:
. The auDber ofteEds br GP 1+3.5+3.5'!+...+3.5'i isn,ootr-1.

Writi4 this $/rong wo*itrg h the pr€vious lirc b€fore applioation of
folmula will trot givo the correct eq,rcssioo for a, .

(ii) By thJend of woek 3, thc ruaber of cclle have ircreased by
250olo in tortr the begiDniDg ofwe€k 3.

No. of particlcs in 4!![9!E More lh€ cltk ar€ ts8lsfar€d to
aloth€( lrboratory
= d.+1.2

= 3.sq (0.5)-0.4t(3.5d -0 +1.2

= 2.5375

Altepativelv
No. ofparticles in lqilliq!! bcfore the c€lls alr haesfe.rEd to
aaotha laboratory
= qx3.5

= (:.s- io.s)-0.+e(;.5- -4)"3.5

This part is aot well doBe. Candidates were not able to intelpret the question

correcdy.

Coornon EiatakEs:
o q is the ruabor ofcolls (ir millions) ia lab ,4 at thc start ofthe 3d

week
. ar is the nuabcr of catls (h Eillious) h lrb I at thc st n ofthe 4ti week

ie. tho truober ofc€lls (in millioEs) io t b I at the oud ofthe 3rd week

dBq thc cells arc taasfened-
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Q3 Sugg$ted Solutions Msrker's Comments
(iii) L.t thc trusb€r of oelb (ir EillioDs) in Lab , at tho stad of

thc z6 wcck is given by 4
4=o
dz=O'5

4 = 0.5+s

4 = 0.5 +5 +(5+5)

= 0.5+ s +2(5)

4 = 0.5+5+ 2(5)+3(5)+...+(a-z)(s)

= 0.5+';2 (lo+(, -2-lX5))

= o.s*'t 2 (lo+s(n-:))

3.5'r (0.s)-0.48(3.5'r -l)+0.5+t?(lo+5(,,-3)) > 60

By G.C., leact a = 6
.. Thc eallicst wE€k is wlet 6.

very poorly dooe part

Coor,lo! ldistakEs:
r Failcd to intapret quastion conectly aad did not .ttrmpt to c.onstuct a

tablc or do listing to recogniso the pattern.

. Did not rccogEise ftal for 4 = 0.5 + 5 + 2(s) +r(s)+... +(z-Z)(S), tte
foroula fur sum of6e first r terE6 ofan arithmetic Plogession b ody
applioablo for 5+2(5) + 3(5) +...+(z- 2Xs), *,i6 first term = 5 (not

0.5), total truEber of fErms = t-2.
. Ta&iDg &e suo of a" wten fomulating the inequstity wier it is atEady

a forEula xtich giv€s fre (tot l) trtrmber ofcets (h mitlions) iD Iab,{ at
th€ rtad of6e ath week.
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Q4 Suqgsted Solutiotrs Msrkerts Commedts
v

o
1,2)

c1

(0, 0) (E,0)

The most coeEoD mistakes Erade io this questiou are

The relative position of(4,2) is trot at
the maiimum Doint at Cr.

Catrdidates should pay atlention to
such basic details.
This is a !qEg! issrre should
candialat$ continue to commit the
loistatf bcaause this issua is
higbligbted ulnpteen tiees
lhroughout fie past 1.5 years.
Repeating the sadre rnistske over
6od over again hdicares a lack of
swrreoess ofthe iqrorlanc€ of
sketchiag qrrves in peaneEic form.

Cr is still drawn as a ftll ellipse aud
not ,ahing th. range oJthepard ebr
into consideration.

(a) Area bounded by q atrd q The asgessEeDt objeclive oflhis questiotr is to see ifstud€nts arc able to
- sct up 6c correct definite i$egral ftar rrprescaE the ales to b€

considered
- use the parametric equatioDs provided to perform substinrtion to fitrd

part ofthc dr6{ite irtegrals.

- Use of appropriate tigoDometsic idetrtity to evaluo 
Jcos'? 

A dd .

Msny catrdidate,s have difficulty settitrg up fte correct defi[ite htcgral. This is

esp€cially so Ehen therc ale conf$ioN whele ihe &gioE to c,o!8ider "crosscs
ovei' the r-axi!, which will Dot be a coacem ifstudcDtr coDsidet the difrer€.ncc
ofintegrat 'l4)per curve Ei.Eus lowe.r curv6". This coac.€pt bas beon

edphasised iD lessoos during int gation l*soas.

As a resul! Esy versioDs came in which aosweIs Day oot oake seEse and
they make a big mess in their workiry. It is suggpslod thst sbrdrdts who scolr 3

ma*s or less in this pst ofthe questioE etteBpt the same questiotr agah a fe,
weeks later.

2020 / Srl2 H2 Matb! / PrcIiE! P2 / Slgertcd SolutioB Pag. 6 ot22

Natiotr l haiorco €g! -ilarrer,rd6

!
+

Q4 Slggested Solutiols Marker'B Commeuts

= li"-,,a,
= l",z*e1t*"e1ae -t,

,1
2

It 7t1
lr 4 l

= t[' .z*"' e ae -

It t,,l
lr 4l=,IjG +c@2e)d0

e+!t*ze
2

l 1xt61
f r t )

( -20
3

unis'

Aaother gg@1 icsue fhat is comEody setn is studants ee frilur to us€ the
substitution to change the upper aad lower limits ofthe defirite iategraL This
part is defnitcly chphasiscd dudry l€srons and yEt rot correctly appjied ia this
qu6tioD-

o) Since q is s quadmtic curve witt.r-htcrc€pts O ad a, i!
ord6for q &ad q to meer attwo distincrpoints,
0<a(8.

This part ofthe questioa is higher ordered, where some sfudents rclale to
discriEinal bccaus€ ftey pmbably aoted ..two distincl poitrts".

The easiest wsy actually is to look at ttrc sketch the stlldetrts ttrcmselve.s draw
add 'v6ry' tbe vafue ofa.

zo20 / sw H2 Mltls / PidiDs P2 / Suglsr.d Sohdions
P8€t7 ot22
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Qs Sugqested Solutions Marker's Comment!
(r)

l,ilt= t +lrll,1= t
-1414=r
= l"'l='

*(-;) = "-* = * (-w) - w(r) =n - a

= arg (-l )+ atg (r) - 3 ots (z) - *.- a0

= n+aryQv)-3, =t-t0
-e[a(P)=a

This is geoerally doae well by sbdetrts as o.jority showed &eir ability to
ap,ply trlc!"ant properties ofmod. us ald arguEeot

For arg , a sigDifioatrt number ofstudents have difrculty with rraDagiog

the degativc sigtr. Ofthese shrdeats, sooe preteuded lbat it did rct exist while
the rest siEply idvclted their own ploperty: *g(-r) = -o9(r) ,

'Itcr€ is a smatl gloip ofstudents who applied arg(-r')=: atg(-r) wli"t l"
cortect for the case ofodd powsr but trot tsue itr g€neral. Credit is giv€o to
t[r3c shrdedts but do rcte lhe c!trditioDs abovc.

(

(i') lm

B

c

A

Note &at shce z atrd rr, arc coojugar€s of eac[ olh€[,

z+w=2Re(z)=2rccx,9 6a4 2w =lzlz =r'z runr
thereforc lie oo the real axis.

lz+vy'= -at crc9 or 2rlcosdl.

A si$ificaat Eqiority of stdenls did trot gEt ctedit for lz + }r.1 .

CoEmoo mirtakes obs€rv€d:' V,4=14*14=>
- 6ila. z+w=2r@o,eenlz +*l=zt (how bewildaing)

- lz+\=2rs66 1*trealisitg that clsa is uegative in thi6 queotioo)

As for the skctchiDg ofpoints on the Argand diagram, 65ny sttrdonh soomed to

koow that zl" = r'z ard hence matry ptac.ed poirt D ot the positive rcal axis

with soBe not gettiDg crEdit fot it b€cause leE8lt of OD is shorter tLan that of
O, or O,,(. Most show€d that they l]low poiats I and , 6Ir reflectioE of each

olh6 itr thc rcal axir.

Commoa oistakes observed arc:

- Cotrthe positive rca.l axis tEsulting i! I comave qa&ilztetal ACBD
bcca[se thcy thougtt thrt z+r=2roosd is positive;

- OlC, is not s rhoobus;
- Pointl is not in 3d quadm{.
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os Sugqested SolutioIls Marker's Comments
(iii) Arca of the quadrilateral,{CrD

=z*l(," o)(-z,erse+t\

=-rgmg(-*cnsi+r')
= 2r2 sin e coge - 11 sin 0

= t' sit2i -rt sim.0

Thi6 part $uprisitrgly proves to be a "killor" as . sigtrificmt eajority of
surdrdts lcft this part blaDk or cou.ld Dot scorc frrll Ea*s aainly due to thc
following reasoos:

- Bsscd otr ttro poiDrs A, B, C a!d, D, thcy had a wtong quadrilaterat end
horcc a different area

- Thcy are conftsed rrilh the signs ofthe tigonometsic terms since ,
bcing ia the 3d quadrant addrd corollcxity itr th6 oaaipularion

!
f,

c.=

2020 / SH2 H2 Matb / PF.lic P2 / Susr.sEd SolutioB Pasc9of2?
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Q6 Suggested Solufotrs Marker's Commetrts
(i) ;=!?!.!!1=rz.or

r05

"1 I,'-E,r
n-l

104
15t45.47 - 026r.0s)'1

105

1

= 0.0024951923

=0.00250 (3 s.f.)

Most shrde s maDsged to get the carrect trumerical values ofthe unbiased
e.stimatcs ofthe populatiotr mesd atrd varistrce.

Maay ofthc6, however, wEte that these values are for population mcaa aad
variaffr. This i! quite a disrypohtu€at as they did Dot deEoDsM
undeGtrndiry of sahple vedsus populrtioD-

A smatt oumber of su.rdeots did not g€t lhe conEct vatue for sl and this is
disturbiDs to the mr*er as lhe forBula to c&lculEte this quantity is itr MF26!

(ii) lL:P=12 vcrsu! Hr:lJ >12

Under Ho,

-P NI tz- i- I aoomximarclv bv Ceuhal Linit Theorem
I r05j "

since, = 105 is lf,r8e.

U!'p€r-tailed test at 3% level ofsigaificance.

Critical regior Reject Ho ifPralue < 0.03

pvalrr = 0.0201157096 < 0.03

Rcj.ct H0 atrd cotrctude tbat th€re is suffcieNf evidenc€ al

3% levet of significlace thlt 6e mean diaEetcr, after dre
modificstioA of lho sphelic€l pellets hEs i[creased-

A sigEificatf majority of students ale able to do this palt well excapt for
some who ahd not demotrstsate arry evidence of leamiry.

Comrnotr mistakes incluile:

A hsndftl of studmB om red "lroe3o" ard wm& "... to claio that the
dirrtreter of the sphericgl pelet hrs io6ea6ed".

A&thcr hrndftl wDte *. .. to claid that the eeoo dir8rcE of thc sphdic.l
pdlr^ has ch@ged.

(ii, Therc is a probability of 0.0201 lbat the sample Deao
dialoctcr is more thaD 12.01 loE, giv€n thal the populatiotr
oedtr diaEeter is 12 rDE.

Only a very small ouaber ofstudents gaircd cr€dit for this part.

Common mistskcs iaclude:
- Relatius lhis with level of sigficancc;

2020 / SH2 H2 Matls / PEliDs P2 / Srs.sl.d solutioDs
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o6 Suggested Solutiotrs Market's ComEeEts
Using vague terDs like '1nea[ is rootE exteEe than the orc
obs6vod";
Mi$ing out 'giveo lhat the poFJation Elea! diadetrr is 12 m";
Inaccuale content like lnobrbility that m€e is EorE lte 12mm";
Corfilsed with the meeiDg of level of significaace;
Cit bcrfuh statcocnts that marker coEld uot coEprehadd.

(r9 Since the sample size is 105 md it is considertd as large,
hcoce we csn apply C![Fal Limit Theorem to ap?roximate

fie dirtsr:butiotr of t to be trorEal

Only a very small number of students gained credit for this parL

Corunou oistakes iDclode:
- Usiry laguc r.rE! like -it is aormal by C€ntral Lirnit Theote6",

"distribution can be normal by . . . .", "mean dio$eter ca,l be aorrnally
dishibut€d", etc;

- Ceotral Limit Theorem al4noximates the population dishibutiotr to be
lormal;

- Population rize is large;
- Simply stated that Cetrtal Limit Theorem oar be epplied \r'ithout

saying the result ofthe applicatiou.

2020 / SH2 LA Ma6.9 / Prclie. P2 / Suggcslcd Solutious P.gc I I of22

I

I

I

- x-N(r2.r'), x-rl rz.or, |1, x-N(r2,,')\ ru)/
- ConcluioE is incompletE, forexaDple, maay did aot 8t$e "at 3%

lwel ofsigtrificance", or simplyjust state that th6e is sufficieft
evidence to rcj€ct Ao , etc
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Q7 Suggerted SolutioDs Marker's Commeots

(i)

P(l'.,r)
=P(r)-P(r^r)
= b -0.4sb
=0.556
P(r')xP(8)

= (l -0.a5)xb
=0.556

Or
P(A'.,B)

=r(a)-e(lnr)
= P(8)-P(r)P(B)

=(r-P(r))P(r)
= P(rJP(8)

As P(l .1r) = P(l )xP(a), l' tlldrale indepcadf

Most shdeots are 8b1€ to show. A few strrdents start€d with

P(l 
^r)=P(I')P(B) 

or used words "since". Some used conditional

probabilities with siEilar Eistakes.

Most common Eitlakes is P(l .\r) = 0.55r.

OR P(A',t B) =r-P(AlB)=1-P(r) =P(r )
A! P(,{' I B) = P (l) , l' and I are iadep€udent events.

(i0 P(A^g\=0.45-0.45b
P(A'^8.'C)=o.1sb-02

Well done exftpt for some calculation errors.

(in) P(,y,.cl = 0 -0. t) -( o.4s-0.45b)-b

= 0.45-0.55,

B
A

0.1

0.55b -0.2

0.454.45b
0.45 -0.s5b

0.55r-0.2>0 atrd 0.45-0.45r>0 and 0.45-0.550>0

Poorly dotre. Most sntderB did trot find P (r' .\ C) or seurp irequalities bcfore

arriving ar maxiolro oa minimum values.

20m / SII2 H2Ma,}t t Pt li"t'E Yz / Suggcst€d SolutioEs P,sD 12 of22

o7 Supg€ted Solutiods Marker's Cotlrrlrents

=l>1"oa a<t *a l<1lt lt
zl 9

=t-<D<-:-ll I I

= 
1s s.456 3 A55 220

MaxilruD [lGsibt. valuc of P(lnA) is -!! .

MiEiEum Irocsible valuc of f (,lna) is 1.
1'
e
a
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Qt Suggested Solutions M.rk€r's Comm€nts
(r)

(i).
)'

No. of arr6ngeh6ts of 4 chosen block = 4 !

. . No. of al.railgellE,ars = Ux4l= 576 .

T
fl\

' l.,.J 
='o

h\
[,.J

Poorly doDe, most candidates scared 1 ol]1 of 2 ma*s.

Note tbal oace a bloct a choscs, thc subsequeot btocL cannot be ofihe aaoe
colour or sbap-

Aho, the tvro IreDtagoDs ofthe sao€ colour are considercd idedic€t while
Eatry caodidate6 teated them as distitrct itr their calclrlstioDs.

o)

ooi,.dofiftE, tioC. er c.@ ,cc

Care l: 2 lle aeops ofdifferent colours or saEc colour. I
trianele atrd 1 paralleloe"am- I square

l(t()r'0'Ji) 'CI "'

Care 2: 2 p€ptamas ofdiffercrf colours or ssoe colour. 2

tiaad6 and I pa$lleloerEo

lr.)-r.)1" lo) , fo) =,,0
L(21 (rl \2/ ul

rhaL r&aE
dlld

Csse 3: 2 !e a€@s ofdiEereot colous or samc colour. I

riude apd 2 parslleloaarns

lf.l_f.)]"f.)" (o\ =,*
L(21 (rll \" \2/

Ed. Frldocrd

Toal uumber ofways
= 640 + 2.40 +240

= 1120

Poorly done. A Eajority ofcladidats &ratod lhe p€dtagors ofth€ saEo coloE
as diltitrct objects, which is incorrEct 6s the petrtagons ofthe sarue colour ar€
identical.

nec"u tt^ 
il; 

is the oumber ofways to caoosc ' obiecs froo , 
I

objects.

Most candidates were ablc to coDsidlr tbc corrEct 3 cas€s for &e 3 blocls apafl
tom tLe two pentagoos, wilh s Einority oisling od fte case wi& 2 p€otagols,
I timgle, I square aad I paElclogrrr!

SoEe candidates attempted to do the clEplcrncut loctho4 wLich is mott
difiq t Most 1/ho used tbis octhod ideaftred fre c.Eple|ned car€s wEtrgly,
or missed old the higl[ighted c.re bclowr

Requted no. ofways
= no- ofways to choose exactly 2 peDta8oDs

- uo. ofwa)ts to chooee exactly 2 pentagoB snd no tiangles
- Do. of to choose 2 and no

A hardftrl ofcandidates mistook this question as an arralgemar questiotr atrd
included a multiplicatioa of 5 ! iD theL solutioos.
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o8 Suggeated Solutions Msrker's CoEErents
L13t
part

Stcp 1:

NuEbsr ofws)ts to arEnge lhe peotagons (as ooe uait),
ot

Frallclograos aDd squarer in a circle =::

StEp 2:
Ntdb€r ofways to Els,lge a pcl agoEs ucxt to each

060. = 8!

2t2t2t2l

Step 3:

NuDb6 ofway8 to slot in the distinot riargt€s =

Total number of srrangements

9 2t2t2t2l

fe)

lo]"o'

[;)..'

9' 8!

-- 3.072577 536xldl

= 3 0?xI0"

This part was moderatcly wEll doDe.

A decrrf proportioa of cfildida&e werB ablo to scarc at least halfthe tnE*s in
this part

SoEe common mistakes observed werc:
. Not dividing t! by 2!2!2!21 wtetr arraryilg the pentagons Gg,in,

pefiagons ofthe same colour srE coBiderEd ide[tical!).
. Aranging lhe blocks iD an lD@rrect order, wlich r€sults i! uid€rcllmthg

or overcouatitrg.
. AtteEptirg lhe coEplement melhod and poducilg the inc$rect

corupleme case6.

Due to tho large final aosei/er, oardidrtes are allowed to prescnt their arsw"r as

3.07 x 10'1 . (Refer to 20 19 A-Level Paper 2 Q6(iii))
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Q9 Suggested Solutrons Mark€r's Comments

(r)
P(x =2)

P(x =o)

I 1
6

5 ^ 15 5

6 216 72
5 125

6
55
6662t6

Prx=lt= !":r1,.3= 7s 
= 

25
\ '666 2t6 12

prx=s)=1"1*1= t
"666216

X 0 I 2 3

P(-rr = ') 2t6
75

72

5

i
1

2t6

Well-perfotmed by many.

(ii)

"@=,(#),,(E).,(;)"(,"-r)
I

2

v-(r)=E(r")-[-it:)'

=,, (#)^. (#)*. (;). - (*) (r'
= ! ot 0.4t7

t2

ta Z _ .11+...+.4b0

30
shce tho di!tsihfiotr of.{ i.s trot s oorEal distsihdioo aod
, =30 is large eaoush, by Ceat"al Limit

The part oo finding the expectatorl ofxaRd the mcthod to find varianc€ of
-fis well performed by many.

Thejustfcaliotr patt is oot well p€rfolnred There alo shrdetrt6 who still use

Cental Limit Theorcm to epEoximate Xto a Dormal dirtibution, clearly
demoEstratilg 6ot weak corcept lhe use ofthis thearc6.

Iu additioo, in ajustificetion questiotr, it i6 necqsary for studeoa to state

clearly shat'n" is .sd the signficance of this "a". Thc following pbrase is

vague :

wtat is rl? Not pIoperly dofined.Since z is large,
Here we can assume n is the sample size but
what is th6 sigtrificaDce of this size?

Sidoe r =30 ,

2020 / stl2 H2 Malbs / Pr.liE! P2 / Su88a'hn Sohniols ?rs. 16 of22
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o9 Suegerted Solutions Marker's CoEt!etrts

;-N(j,',/o),,,-x,,*v.
P(7 > l) = o.oooor r05257393

=0.0000111 (3 s.f)

(iii) Irt I be &e Det gaiDs in dollars for each game

P(,1+.a2+ ,1<0)

= P(a[''-r")+P(2"-t','09+P(2'-t",'t")+Pf-r',2"0")
(t2s\' 3'!( t2s\'(2s\ 3!/125\'15\ 3:( t2s\f zs\'1

-\ne ) ' ztlzro)\'tz) zt\zro ) \tz) zr\2rc )\tz )
=0.a2fl40406

= 0.E22 (3 s.t)

-k 0 k 9k

P (A= a\ 125

2t6
25

72

5

72

I
2t6

Many sfude[ts Eake tte assurq,tiol thal this qu€stion is about fiadiag
exp€ctations and yariaocas 6nd weDt .head to ftr4 without ft.ditrg tte
qrcstioD clreftlly. As a rcsult, uruece$sary time is wasted aDd uo Earks
are awarded

ADo6er coEmoo issue showrl h shrdents' wott i6 f8ilure to coDsid€r all 4
caaes. H€ace DaDy scorc 1 to 2 naaks.
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ol0 Suggested Solutions Msrker's Comments
(aXi) 6p(r- p)=0.w6

P'-P-O.l4ll=D
..p =0.17 (sincep < 0.5)

Atmost all the candidales w€[E able to score for this part.

(s)(ii) plx* r)= 117#8
' ' 117649

1-p1.y = 61= JJ14!
' ' 111649

p{x=6}=--L' ' 1t76/.9

(l),"t'-,t=;
-6_ I
" - ttlrl;g

I
'1

Leamiag points:
. Olher thatr iaterFetitrg the pbrase "exect value" liter-afly, it simply meaDs

tbat all algebraic maoipulations to get to the final arswer must be showtr
clearly. Candidates caD still use calculotor to check that the filsl Nmerical
values obtained are evaluated aad simplified- In this questioa, oandidatas

shou.ld have used lhe calculato. to *"1*t" {i176.

Cohtuou roistakes

. wrongly intErpreted &e queslion as r(x+o)=lIeq
' tt'16/]9

. Used calculalor ald expressed the answer ia tdms of3 s.f iBtead ofaa
exact value.

(bxi) The eveat that a customer is ftmale is hdependent ofthe
evetrt that aoother custoErer is female.

The probabilit &8t aay one custoBcr is feDale is the
same tbrcughod for lha first , custoBers.

catrdi&tes need to note that if any uderliDed keywords are misshg, &e
aDsweB are ituomplete.

Unacceptable aDswers (this list is not ex[austive):
. Tho elent that the salotr rcceives o fcpale qrstoEcf, is iadep€d€|trt of&e

cvent tbat the saloa receives ssother femsle custoEer. / The probabilig
thrt the salon rcceives a fudgg4&@q t the same trcWhold for tbe
first l, custom€rs.

. 'Ibe cvent that the qlglglqE-Erq f€rnalc is indepcndqrt oflhe event that
oiher customers are female. / Thc probability that the qu5bE6ilg fcldtlc
is 6c aaEe ihroughout for the fiIst ,r custoE€rs.

2020 / sID H2 Mdts / Prelirns P2 / Sus8d.n SollnioE! Pag. 18 of22
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Q10 Sugqested Solutiotrs Merk€r's Commentr
The probability thet a customer is feDalo is tho oqual for the 6st z

customers. (ttri! iEpli€€ that tbe probability is I )

The probabiuty thar a customer is fcmale is thc ssme for all female /
the

(bxii) lrt 7be fre number of female qxtoDers out of 12.

r-B020.65)
nequircd Fobahility

=P(r=7)x0.65x(l-0.65)r

= 0.2039195668x 0.65 x 0.35?

= 0.O16237@55

= 0.0162 (3 s.f)

CaDdidates wer€ able to comprehctrd the question vith varying degre of
success, wiih fiost notiDg that , shor d Dot b€ taken to b€ t5.

(bXND Let F be 6e mmber of female customffs oEt of 15.

r - B(r 5,0.65)

P(F>8)=l-P(F<7)

=l-0.1l323l l30t
=0.886768869

Irt rbe rhe nrmber ofdays out of7 with aJ lesst E

female (rrstooers who vicits the salon wilhitr the lst hour
r-B(xP(F > 8))

P(r =3) = o.oo4or20r6r

= 0.00401 (3 s.f)

Question is well doDe by most caldidates.
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O12 Suqgested Solutions Marker's Commetrts
(.) I,t fbe iho Etrdom ydiable deootiry thc BMI for a lt year

old boy ia Siugaporc.

x-N(r,l)
P(X < 16.7)=0.05

( . ,16.1 - PP = 0.05

167-P =-t suaszezs

p - 1.6449 6 = 16.7 -. - - (l)
P(x >27.4)=0.r

P -- 27.4- P
= 0.1

21 4- P =tzitsstsel
p + 1.281 66 = 27.4 - - - (2')

SolviDS ( I ) snd (2) sisultaaeously, wc have
p = 22.7141E212 and o=3.656363113

=22.1 (3 s.L\ =3.656 (3 d-p.)

So6e shrdeols are Eable to iDterpret lhe informatioa iom the set ofdrtr
giveD atrd wete unable to start offwith the guestioo-

Quite a oumber ofstudeEts assuacd thrt the dishibution is symmetrical. It is
importsnt for theD to remember not to make assurDptiols based on wLat they
hsve do{e oE &e past atrd 10 read cvery qucstion carcir.lly.

Quite a truEber ofstudEnts i8trorc the x,ord "show" atrd corcluded that
r-3.656 immediafely ftom the GC without sholl.ing any working or more
decimal plac.e,9. 1 mark is deducted for such ossos,

(a)(ii) No. based on the data, the group will have a distribution 6at
i6 bilaodal a.od ttus caEnot be rcnnal.
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Ql2 Sugg*ted Solutiotrs Merker's Commetrts
Altenulive :

It ca.Dtrot be assumed that drc BMI for 131car old boys in
Sitrgaporo is trorEally diE&ibuted Heuce tlo conclDsioD oaD

bc mado about the coobined sample.

oxi) L.tXb. 6c ti6e takea for food p@arations.
Irt fbe lho tim€ ta&ea for 6e deliv€ry limc by I delivery
Ean on bicycle.
L€t , b€ tb! tiDo tak€n for fuod pn p 6!.i thll thcrr ir a 95%
chaocc lhat the food is delivered by 7po-

x - N(20,4')

r_1,(ls.r,2r)

x+r tt(tll,z'++')

P(X +Y <t)>0.95
, > 45.5 Erins

Sho should phce her ord6 laiest by 6. l4pm.

This part is well ttrone.

Sorrc sird€nts do rct rriderstand vhat 6cy are doing aad fouod
P(x+r> r) =0.95 ilstcad

Most students use P(X+f <r)=0.95 adobtainodr=45.5. As such they

wcre confrsed iftley shor d corclude 6.l4prtr or 6,15p@. Strd6nts who
corcluded corectly arc given the full cEdit in ttis crse.

Almost the entire cohort is penalised 1 prcseDtation mart for the inability to
define the random variable precisely for this pBrt.

'T-et Ibe the time taka for the delivery tiDe by c delivery rnatr on
bicycle." Tho poiit about "a dellvery man" is required.

Mrny defued it as 'time taken for the delivcry tiEe by bicycle." In some
caSos €v€[ more vague "delivory tiEe",

Please note &at'detvery time oD bicycto for a ratrdoBly s€lect€d food
orde!" is also oot aa.rpted

oxii) Irt f bc the tiBe taka for the delivery tioe by a
deliveryman on motorbiko.

Many shd€dts are uDable to fitrd the correct meatr aDd vacia[c8 for thir pa!t.
SoEe studetrb still do not kiow th€ concept

v ar (w - Y\ = v n (v) rv ar (y).
Some studeDts us€ tbe wrong ruidom vadable l2f -10tr. lt is iepoltaot to
ulderstand ftal 1.2(Wt+ W2+. . ..Wro) doos Dot equate to l2W.
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o12 SugEested Solutions Mark€r's Commetrts

w - N(r5,4')
y - N(18j,21)

D=1.2(v,+..n$)-r({ r.. "(0 )-N (-t 270.4)

P(D>0)=0.476

Sitroe therE is a highcr probability tbat & ddivery han otr
bicycle carDr mor€ 6sn oue otr Eotortikc. Thc rrstaurast
oqde( should iDploy lhose otr llrototbite to save mone

Drotrcy,

Similar to 6e previous parq the raadom variable is badty defined.
"fut Ibe the time take! for tho deliyery time by r deliyery !trrD on
motorcycle." The poitrt alout "a deliyery man' is rcqutcd.
A total of I preseftaliotr Eark is deducted for botl para.

Stude s have to rbake the judgemeut based on the probability they bav.
formd aDd Dot based on the q$ected salary ofa delivery man. Marts are Elso

awarded to suldrtrls rlo mentioned that it is less likely thx a delivery mao
oD motorbike earDs morc tha:r a delivery oaa oD bicycle.
No mrdis are av'arded whetr the surdeots metrtiotr ayerage salary of a
delivfy EaE oD hotoftike is lesser than lhat of a delivery Brn on bicFle.
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