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1 Let f (:) = tn (cos "r) . Using the standard series, find the Maclaurin series for f(x) , up to

and including the term in xa. Hence, find the Maclaurin series of tan.r up to and including
the term in x3. t6l

(a) Sketch on the same axes, the graphs of l=l-x-J- and y=lar-al , wherex-l
-l < a <l . State clearly the equation of any asymptotes and coordinates of any
tuming points and axial intercepts. t5l

(b) Suppose that a cau be any real number, state the largest possible set ofsolution for

the inequality 1- , - J- 'r1* -al , and the corresponding range of values of a. [ 2 ]x-l

)

3. The vectors u and v are unit ve.ctors. The angle 0 between u and v is an acute angle.

(i) Show that (u.v+lu"vl)' =1+sin20. t3l

(ii) The vector w is such that u +w =&v, where tis a constant in terms ofd. By
considering (u+w).v or otherwise, find the value of # if w is also a rmit vector.

t3I

(iii) Deduce the range ofpossible values of&. tll
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4 (i) State a pair of tansformations that will tansforrn the gra:ph of y = f (1) oolo n .
graphof y=f(2x)-r. l2l

It is given that

1x , x<2

, x>2.
r(,)= .., l

x-2
(ii) Sketch on separate diagrams, the graphs of l,=f(r) and l,=f (2r)-1.

(iii) It is proposed that the following graph is the graph of y = f '(r) .

v

t4l

t5l

t3l

v 2

2

x

x

Give two reasons to explain why the proposed graph is not suitable to be the graph

of y=f '(x). t2l

5. (a) The curve C has parametric equations

,=cosr, / = sec, + sin, ,

where 0<r<1.
2

Find Iy dr in terms of .r.

(b) Find the exact value of x'+ d.r

oRrvER vALr-Ey rIIcH SCHOOL 9,1s8/oy2o2o
PartnerlnLeaming

676

l-" {

t

I
t

I
t



BP-497

4

6 At astroid is a cuwe with parametric equations

x= dcos3 t, y = asin3 t.

(i) Sketch an astroid with a =2and 0 <, < +, indicating clearly the coordinates of all
2'

axial intercepts. t21
For the rest ofthe question, take 4 : l.
(ii) Find the equation of the tangent to the curve at the point P where , =p, simpliffing

youranswer. t41

(iii) The tangent to the curve at P intersects the x- and y-axes at the points Q and R
respectively. Find the cartesian equation for the locus ofthe midpoint of pX. t3]

7. (D

(iii) Showthat IIn
r=4

Itn
r=9

t1l

l4l

3r +16

- 

ln tenns ot n.
3r +13

t4I

t4l

t4l

Given that f (r) = ln(3r +r), show that f (r) - f (r - r) = rr: t}J)
3r +l
3r -2

(ii) Hence evaluate !h
t=1

3r +16

3r +13 )tn
3t+l 

. H"r." find
3r -2

8 The cnrves Cr and Cz are given by the equations 4x2+y'=16 arrd y=1e2 -1-2
respectively. The region R is bounded by Cr and Cz, and x > 0 .

(a) (i) Using the substitution x = 2 sin z , find I
(ii) Hence find the exact area ofR.

16-4xz dx.

9

(b) The region .i is bounded by Cz, the lines ;r = -1 and x = I , and the x-axis. Find the

volume generated when,S is rotaled 2n radians about the x-axis. 121

(a) Solve the simultaneous equations

z - 2tf =i,
u -'A) = l.

(b)
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z and v are complex numbers such that u=-t-.!-zi,lrl=Jz a"a *CO) =#
(i) Find the modulus and argument of z.

(ii) Express w* in the form reio, where -n<03n.

(iii) Find the least positive integer n such that (w +)' is purely imaginary'

I2l

t2l
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10, Sales agent ,{ started work on l't June 2020. He plans to acquire 2 clients in his first
month of work. For subsequent months, the number of clients he plans to acquire per
month is 3 more than that in the previous month.

(i) Find the number of clients agent I would acquire in June 2021. L2)

(ii) Find the number ofmontls needed for agent I to acquire at least 500 clients in total.

t3l

Sales agent -B has a total 500 clients on l't June 2020. Unlike agent l, he acquires 3 new
clients every month, However, due to strong competition from other sales agents, agent
B loses 1% of his clientele at the end of each month when the clisnts choose not to
continue with his service from the following month.

(iii) Show that the clientele size of agert B at the end of nd month is given by

297 +2o3(o.99)' . l4l
(iv) The clientele size of agent B will eventually stabilise. State the value of this

clientele size. tll
(v) Agent B wishes to keep a clientele size of at least 350. Find the maximum

percentage loss of clients he can have at the end of each month in order to meet this
target. t3l
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11. (a) Sketch the graph of 7=(sin-r+l.l)t' for 0<x<2tc and state the coordinates of
the maximum and minimum points of the cuwe. t3l

O) A comet is an icy celestial body that usually orbits the sun in the Kuiper Belt - a
region of the solar system beyond the planet Neptune. Some comets have higbly
elliptical orbits that bring them into the inner solar system for short periods oftime.

For a particular comet, the distaoce between the comet and the sun, r astionomical
units (ALI), at time , years after it is first observed, is described by the equation

. \ 0.5

'= z+["inl,1]+r r I
\ \76l )

As the comet approaches the sun, it will gain kinetic energy but lose an equivalent
amount of gravitational potential energy, such that the total amount of energy
remains constant. This gives the equation

E=l 
^u'-GM^ 

.2r
where E is ttre total energy in the system, rn is the mass of the comet, G is the
universal gravitational constant, Mis tie mass of the sun and v is the speed of the
comet. The coastants .8, z, G and M are all positive.

GM(i) Show that v2 =

[.rl.r)
[ \75l

2E+-.
m0.5 tll

t2

(ii) By differentiation and using the result in part (a), find the maximum speed of
the comet in terms of the constants E, m, G arld M. t5]

The lumhance I of an object is a measure of how much light it is emitting. As the

comet leaves the inner solar system, it reflects less light from the sun and becomes

less luminous.

(iii) It is known that, when first observd the luminance of the comet would
decrease by 2 units for each astronomical unit it travelled away from the sun.

Using the relationship between r and t, find the rate at which the luminance
of the comet is decreasing when it is frst observed. t3l

END OF PAPER

+ 1.1
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1.

Section A: Pure Mathematics [40 marksl

The diagram above shows a circle with centre O. The diameter l3 has length 13 units
and the point C on tle circumference of the circle is such that lC is 12 units. X is a point

on .BC such that angle BAX is a radians.

Show that taalBAC=1.
12

(ii) By conside ilrgriangle XAC,or otherwise, show that cx =69:1!tu" . 721
1? + 5tarn d

(iii) It is given that a is sufficiently small for a3 and higher powers to be igaored, show

that CX *5+ pd+qa2,wherep atrd q are exact constants to be determined. t3I

(iv) Explain why a =O.6 is not suitable to be used to find CXin part (iii). tU

2. A particle moving in a liquid is such tlat after, seconds, its velocity is v rns-r , u * 0.

v satisfies the differential eouation v! 42v2 = 1s-z' .'dr

(i) By using the substitution y=rnz',showthat lY=te''. t3l'dt

(ii) Hence find v2 in terms of r where *=-8 when l=0. t6l
dt
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3 A function f is saidtobe involuting or self-inverse if f =fr for all.r in the domain of f.

The firnction fis defined by

- 2x+ D
t:rt+----------.i-

x-2
wherep is a positive constant.

(i) Show that fis an involuting fimctior..

(ii) By finding f3prl and f41x;, deduce f'0"(:).

For the rest of the question, let p = 2.

Another function g is defined by g:xr+ ln(4- x),x < 3.

Only one of the composite frmctions fg and gf exists.

(iii) Give the rule of the one that exists and explain why the other does not exist.

(iv) Hence find tle exact range of the composite fimction that exists.

for xeR,.r<2 ,

t2)

t3l

t4l

tzl

Section B: Statistics [60 marksl

(a) In how many ways can 3 letters from the word "I1l PPY' be ananged in a row if at
least one ofthe letters is P ? t3l

@) A photographer is arranging 4 male and 5 female teachers for a photo shoot. Find
the number of ways the photographer can arrange the teachers side by side in a
straight line if
(, one particular male teacher insists on standing in the middle, tll
(ii) the female teachers are arranged in the order from the shortest on the 1eft to

the tallest on the right, and no two female teachers are standing next to each
other, (You may assume that the heights of the female teachers are all
different.) l2l

(iii) the male teachers are standing next to each other and so are the female
teachers. l2l
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4. The plane p has equation 3x-4y-z=1 and the line / has equation

x-9 v+5' ' =' : ' = z - 2 , where a and b are non-zero constants. The point ,4 with position
ab

vector 9i-5j+2k lies on /.

(r) Determine a relationship between a and D if/ is parallel top. t3l
(ii) Inthe case where a=2 ar'd,b=1,

(a) find the position vector of the point of intersection of / and p, 12)

O) find the position vector of the foot of perpendicular from I top and hence
find the shortest distance from I top. t5l

(c) find the acute angle between / andp using the results in part @). 12)
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6 A set of36 cards is made up of cards chosen from a few packs of ordinary playing cards.

The breakdown of tie number of cards in each suit and denomination is given in the
following table.

For example, there are 2 Aces of Diamond and 3 Jacks of Heart in the set of36 cards.

(i) This set of36 cards is put into a bag and I card is selected at random.

(a) Find the probability that the card is either an Ace or a Jack but not a Club.[ I ]

(b) Find the probability that the card is neither a Jack nor a Heart. tll
(ii) The cards are all placed back into the bagand2 cards are selected at random.

(a) Find the probability that both cards are Aces given that neither ofthe cards is

Spade. tzl
O) Find the probability that the 2 cards include exactly one Queen and exactly

one Diamond. t3l

7. An infectious virus called Zeevus hit an Asian country Atopia. It was found &om data

corroborated with other countries in Asia that the virushad a mean incubation period of
10.8 days.

The incubation period is defined as the time from exposure to a virus to the development
of symptoms. For highly infectious diseases, authorities are guided by.the mean
incubation period to quarantine suspected infected patients in order to minimise
transmission.

A city of Atopia reported that the incubation period had been found to be as long as 20
days in a few cases and this had worried the authorities. A medical researcher was tasked
to collect a random sample of 100 patients. The incubation period, x days, are surnmarised
as follows:

\(x - rz) = n, l(x - rz)' = 27 16.88.

(i) Calculate the unbiased estimates of the population mean and variance of the
incubation period- l2l

(ii) Explain whether ttre researcher should carry out a l-tail or 2-tail test, stating the

hypotheses for the tests, and defining any symbols you use. 12)

(iii) Carry out the test, at 1% level ofsignificance for the researcher. t3l

A few months later, the authorities suspected tlat a new strain of the same virus might
have developed which affected the incubation period. They assigrred the same researcher

to find out ifthere was a change in the mean incubation period. Data from 100 randorrly
selected patients from across the country were collected for the test.

(iv) Determine the set of values of the sarnple mean to show that the incubation period

ofthe new strain of the virus is different from the original strain at the l% level of
sipificance. t3l
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Spade Heart Diamond Club

Ace 1 2 2 I
King 2 2 2 J

Queen 2 4 4 J

Jack 1 3

Suit
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E. A company has 50 workers. It is known that, on average, the probability that any
particular worker is on sick leave on a given day is p. l-nt W be the random variable of
the number of workers on sick leave on a given day.

(i) State, in fhe context of the question, two assumptions needed to model Wby a

binomial distribution. Explain why one of the assumptions may not be valid in this
context. t3l

Assume that the two assumptions in part (i) do in fact hold. A day is selected at random
and the probability that at most 2 workers are on sick leave is 0.54.

(ii) Write down an equation satisfied byp. Hence find the value ofp. t3l

Assuming there are 60 working days in 2 months,

(iii) find the expected number of days in 2 months for which at most 2 workers are on
sick leave. l2l

(iv) frnd the probability that the mean number of workers on sick leave per day over 2
months is at least 2. 131

A local radio station organises a call-in competition, in which listeners are given the
names of7 loca1 celebrities and they are told that 4 of them are in tle studio. Listeners
will then call in and give the names ofthe 4 celebrities they think are in the studio. The
random variable Xis the number of correct guesses made by a randomly selected listener.

4(D Show that P(X=l)=_. tll
J)

(ii) Find the probability distribution ofX t3I

(iii) Find EQD and showthat v*{n=! Pl
49

On any day, 3 listeners will be selected to participate in this competition. The radio station
will only reveal which 4 celebrities are in the studio after all 3 listeners have made their
guesses.

(iv) Find the probability that the total number of correct guesses from the 3 listeners is
6. State any assumption you have made in your calculation. t4I

(v) Find the probability that all 3 listeners make the same guesses. 12)

9758102/2020
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10. In this question you should state the parameters of any distributions tiet you use.

A brand ofmobile phone launches a new model. Each phone is made up of two key parts

- phone body and removable battery. The masses in grams of the phone bodies have the
distribution N(165, I 52).

(i) Sketch the distribution for masses of the phone bodies within three standard

deviations ofthe mean. l2l
(ii) Find the probability that the difference between 2 randomly chosen phone bodies is

less than 0.5 grams. t3l

It is given further that the mass of a battery is modelled as t 8% of the mass of a phone
body.

(iii) According to ergonomics standard, the ideal mass of a phone, with the battery
installed, is between 140 and 170 grams. Find the probability that a randomly
chosen phone is of ideal mass. t3l

A standard travel charger is also enclosed with the phone and it weighs q garns.

(iv) The probability that the total mass of a phone with a standard travel charger is less

than 0.247 kg is 0.85. Find the mass of the travel charger. l4l

END OF PAPER
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a
a
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a
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o1 Solution M,rk Scheme Comm€nts

f(,)= ln(cos,)

="(,-{.4*...)lrtitl

( ,, t\ rL, ,')'
=l --+- l--l --+- I +--.
[ 2! 4r, 2\ 2t 4t)

= - *. * - :(i *( r)(""). (*l ).
*x'
212

MI:

cosr= I- +-+.
2\ 4l

Ml: applyiq

h(ltr) = 1-1r'1...

A1

Applyiag sts .ard serie,s

qu€stioE. Obvious as to
wtich series to apply.

s;o"" a51r*r1= lill = -6r,d: ' ' co!,

t",,r=-au(cos.r)&'
d( I x' )

= --l ----+ I

dr[ 212 )rr'\
= -l -t-- l+

\ 3,,

3

gt: a6(cosx) = -taor

Ml : differcntiate part (i)
aDs $,rt r

A1

O[o possible olue to 6pot
differcstiate is fi$tpart ir
up to ,' , *tilo the 2d
part ask for up to -r3.

Q2 SolutioD Mark Schede Comments

(a) 1

!

2)

Bl: equations of
asI@totes

B1: shapc ofgraph
_l

' r-l
Bl: tuniagpoiats (0, 2)
dQ.)\

B1: shape ofgraph

t=lc-/,w"u a:t

positive x sxis

B1: axial intercQts (1,0)

,"d (o,l,l)

Stadard qu€6tion- For
oodu.lug graph, do uso the
GC ad sub io a as a fixed
wlua to get a s€osc ofthe
shapc.

o) y=lc-al is atways mort ttaa ),=l-r-+ for r>1 based otr the sl<etch.

Fo. r< 1, rs trotrg as tho gradi€ot of 1=lc-41 i5 lcss lhatr tiar offte asyEPtot€

y =1-x, tur y=l-x-;| *ru be .or. t^ y=la-al for all 6e x-value in

tLe raogc r< t.
Maximal .olution sd = {: e : .x < l} ,

for -1<a<1.

B1
B1

A question that r€quires
6e iuterpretalioo of the
rmhown a and how it
affocts the in&Isection.

I

I

I
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Q3 SolutioD Mark Scheme Commetrts
(D (u.v+lu,vl)'

= (lullalcos d + l"llvl"i" ,)'
= (sia A + cos 0)'?

= co6' r+2co€asinA+sia'?,

= I +sill2,

s1; 1- v= lullvlcos I or lrrxvl=lullylsina

Bl I recoising that u arld v arc unit !€ctols
and simptry to an exFcssiod'nlthout u and v

81: expand atrd simpliry using double adgle

Tricty question that r€quires us to
apply dcfinitioo atrd utrit vector b€forc
expsnsion.

Note that there is no w6y to BirEpli&

(o.v)' or lu x v]'exccpt to use

defiqition. So wejust have to use
definitiotr.

(ii) (u+r).v =,tv.v = tlvl'
(u+w).v=t

@se+@s0=k
k =2cos0

.gr^^w
,e._EA/

B1: sub u + w = kv and get,tlv'?

Bl: E.Y = cosA ot !Y.v=cosd

Bl. k=2c.os0

Follow the hint giveo in the que-stion

arld epply dot prodrct expaNiotr ad
rmit vector

(in) Since 0<d<90",0<t<2 Blr 0<,t<2

1'
a
a

6l
ro E'

't

o4 Solution Mrrk Scheme ComEetrts
(D

Scale panllcl to.r-axis by a acor of | .

Tra.state I utrit h the rcgative ydirectioo.

B1
BI
(OR in reverse sequence)

(ii)

'Y=2

y = f(r)
Bl: conect graph for r < 2
Bl: correct graph for .x > 2

-1 for any missiry labelliry

04 Solution Mark Scheme ComDeDts

v I

y=r(2,)-l
B 1: correct graph for r<2
Bl : c,o.rert gaph for r > 2

-1 foruDy missing labeling

(iii) For the ellph of y = f'(r) ,

l. there shouldbc ahorizoatal asyqtotey: 0 instead ofy= 2, 88
2. rt should eod ar (2, 4) fo. the segoent for which , a, ,io"" 9l =2Q\=4, OIIdrt-
3. rL€ scgmeDt for vhich .x ( 2 should be a stzigbl liae (wift cquarioay: 2.r).

(Atry 2 rclsoDB)

BI

B1

Atry 2 reasoDs

:a =2

I
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os Solutioa Mark Scheme ComDents

(a) Ire =I
=J

(scc,+sint)(-siot) &

-tatrr-sin'l, d,

= -lhn, &-Jsin'r &

=-Jo"r ar-JLe'16,

= -r"l""c{-l +}si"z+"

= t"l-rrl-i.1"ar*"r*"

= r"l,l- j*.-', +].[:7*"

ar: Jr a, = J(eecr+sint)(-sinr) ar

Bl: Jtatr/ & = lnlsec4+c

or: isio' r ar = J0-913) 6,

M1 : sub si$ , back to ,
A1

o) Ll/r{d,
=J-"-(r.t)

fi l'=-17*'l_,

a,+ J',-/ *t a,

ll 1+l-+ .r IL4 l-,

=-(i-'-''"').(
=i-a

!*t-1tl
44

Ml : split ioto 2 rtgiors witi conEd
liEits

Mt: integratiod aDd substitute liEits

Reme6ber to key in GC to chock
which

o6 Soludotr Mark ScheEe Commetrts

(i) ,
(0, 2)

(2,0)

Bl: shape ofcurve

Bl: axial iDterccpts (0, 2)
and (2, 0)

(ii) 4 =rcaslr/-sirr')&'
9=r"io'r(cog)
&'
d, 3sitr'rco6r
==-=-t,E,t& -3sinrm6',

P is tic poiut (cos3p, sia3p)

Th6, lho equation oflhe tangtot:

I - slnr p = -rro, 1, - -.r O;

y =(-tanp)x+siopcoc'1 p+sin' p

r = (-tmp)x+snp(coc' p+sia' p)

/=(-tanp)r+sinp

Ml: fiDdi.Dg
dy

dr
using

dv -d
dtt

Ml: 6rdim value of 9
ox

al ,:p snd c-oodhal€s of
P

MI: apptyiry cquatiou of
tang@t correcdy

A I : simplified

I

!
a

q9,

!
+
a
r

N=.

I

I
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1

l.

!
a
a

o6 Solutiotr Mark ScheEe Comments
(iii)

P(cosp, 0), R(0, si!p)
Irt the midpoht of 9n be M Thed

*()"-^"i*r)
Th€reforc, paraEetric equrtio!! for thc loqrs ofM:

1l
r = -co8 D. v=-8111,2-2

Thqsfot€, Cstesiatr equatioa for tfic locts ofM:
coslP+sin'?P=1

(zx)' +(t y)' = 1

(r"

Ml: mid-pobt fomula

M1: express .x andy in
tertns ofp

Al: Cart€siau Equatiotr

Q7 SolutioD Mrrk Schem€ Comnert!
(D r(r)-r(r -t)

= tn(:r+t)-u(r(r-t)+l)
=ln(3r+ l)-h(3r-2)

/3r+r)
\s, -z )

(shown)

B1: show clearly

(ii) ,',8
=1$'"[r'+t'12a $t-2)
=]it't'l-rt-'ll

\rI-t(o)
\E_\'I
\a-\al1

2

ft"=a-\,"a
f(,)-?f,i=il

=jtrt,l-rtolJ

=j;"{r,*,)-rir{o)*01

= ju1l,*r;

sr, lih[3'*r)
74 11.-7 I

MIrMOD

MI: in tctlos of ,, atrd coDstatrt

A1 : silnplified
I

L
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Q7 Solutio[ Msrk Schcme Commeots

(iii)
>h F, rte

'rl3'-I3
th +16

rsplace r by / 5
3(r-5) +13

=f 6-/E 1,6o,o1

= 13r-2'

E"m=i'.F,-t"E
= th(rn + t) -Iu(:r& +t)'2' ',

t /rz+t\
=_tnt 

- 

|2 \2s )

81: chatrgc ofvariables
(r by, - 5)

,',p"ffi-;rffi
Ml : apptying patt (i)

AI!
a
a

.E6I(, 
='

_o

a
I

3

o6 Solution Merk Scheme Comments
(exi) Irt ,=2sin/. TheD I = Z"*r. fh*,

l^Ee-t,'a,=l 6-4<2'. stnl u)(2cbsu) &1

=tJJi*io',1*.,i a"

=8Jcos'z &
= a[cxr2t!+l dra

=o[],.r*,]*"
-- 4s;nu@su + 4t + c

=u67.o*'(;)."
=,G=.+*'(i)."

1

I o-qz'sinl a1(zmsr) az

Ml : double angle fonoula to iotegrare

Ml: sub cos ll back to .n

AI

(&Xii)

Note: Tbe c1lr1,e6 intcrse€t at (2,0).
B I : curvas intersect at (2, 0)

I

I

I

I
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!
a
a

!
l

o,p
oi

Q8 Solutiotr Mark Scheme Commetrts

=t.lla-t; -(,'-,-z) a'

=["u=..'r"-'(;)-i

=P"-i'rro]

x'+!x'+2t
2 t.

= 2,. * I *is'

Ml: formulatc as a difrerence ofthe 2
qlxves exprcssioDs

Ml : lse of palt (i)

A1

o)

I

J

v' d,

\x: - x-2) d'x

=20.1 units' (3 s.f)

rr, ni(,'-,-z)'a,
B1: 20.1

Redember to use GC to
get the answer

Q9 Solutiotr Mirk Sch€me Comments
(a) z-zi=i (t)

u-w=i (z)

FtoE (2), t=,,+i
,=l-r, (3)

sub (3) inro (l): l-ui-2tt=i
b.e: a+bi\

r-(d+bt)i-2(d -k) = i
1- oi+ b -2a + 2bi = i,

r-2i+b +(?b - a)i = i
Corlpsriry re.l p6rt,

l-2d+b=O
za_b=r (a)

C<ttirpsirg i6'oim"y prtq
b_a=r (s)

SolYiDg (a) aod (t {ing GC, 4 = I , = I
Thtrefds, ri/ = l+i,

z = 1-(t+i)i
=2-i

Ml: substitutiotr or
elimilation to make
equation of I variable

Ml:letzoryb€a+ri

M I : compare teal aDd
imagin ryparts

Al: le=1+i
Al', z=2-i

(bxi)
l,l= -r)"*(-.6)'=z

*r(,)=-"r*-,[f)
2n

3

B]

B1

I

I

I
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1o

3

't
:t

ci:oi.

Q9 Solutiotr Mark Sch€me Comments

oxii) l*-l= l,ll" 1
=zJi

are (w ') = arg (v) + ag (z ')
= "rg(r)-urg(r)

7n

t2

_15i,
12

= -3o
4

3

- /-Ll

Bl: either finding mod or
arg correcdy

A1

(bxiii) For (w')" to be puelY tmrgilrry,

*e(@)')={z**r)ir* r.
norg(w')=(x+r)l

ja _(x+t)r
42

-3n = 4k +2

,t=_:(2*+l)

.'. s@ltr8t positiw integer , = 2

Ml: arg (w*)" is

(x +t)! w k ez

AI

Q10 Solution Mark ScheDe Comm€trts
(D Jlmo 2021 ir 6e 136 modh-

REquirod no. ofclionts

=Tt

=2+03-1X3)
=38

Ml : apptying A! t€rE
fordub
AI

(ii) Watrt S, > 500

! tztz) * tn - txr)t > sm

r(3r+l)>1000
3a'z+n-1fi)0)0
n < -1t.42.48 or z ) 18.0915

Henc€ the aseBt Eee.ds 19 !!oqtt!! to achieve a clietrtele of at least 500

Ml: applying AP suD
formula

Ml : solve quadntic
inequality c4rrcctty
AI

(iii)
Month Cli€dele size before

afiritiotr
After attlition

I 500+3 0.99(500+3)

2 0.9(500) +0.9(3) + 3 (0.99)'1 (500) + (0.99f (3) + (0,99)3

l (0.ee)3 (500) + (o.ee)r (3) + (o.ee)'1(3) + (0-99)3

(o.ee)'(500) +(o.eey(3)+(o.ee)'r(3) +...+ (o.ee)3

Size ofcli€otcle at €od ofrd loordi

= (o.ee[ (500) + (o.ee)'(3) + (0.99)H (3) + ... + (0.99)3

3(0.99) 1-0.99',
=500(0.99)'+ 1-0.99

=500(0.99r +297(l-o.ee')

= 29? + 203(0.99)' (showa)

81: list 1 trrE
conEctly eftlI ,, : I

Ml : re.ognising or
tisting a GP pattertr

Ml t applyinS suE of
GP

B1: clear stEps leading
to show form

I

I

I

I

I
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Qr0 Solution Mark Scheme CoEmebts
(iv) As z-+6,203(0.9)" -'0.

So the clieDtele size clnv qge6 b ry. Bl:297

(v) lct pcrceitage loss be (l -r)xl00%
Fitrdr s.t. lim [./ (5oo) + x'(3) + r*'(3) +... + r(r] > 3s0

.+ lim (500)r'+
:r(t-.r)

l-r > 350

=E2356 sitro€ /Jo osdro
1-x

-r>0.9915014

Hetrc!, the maximum perrentage loss that agsnt, cntr have is

0 - 0.99150la) x 100/0 = 0.84985% = 0.ts0/o (3 s0

Ml: set up inequslity
correctly

Ml : applyiry liait
corecdy or GP suEt to
iDfitrity forEula

AI

!
f,

l.

't
a

Ni

o11 Solution Mark Schcme Comments

(a) y=(sin:+t.t)*

(1.S& 3.16)

0.5so)

3

81: shape ofcurve

B1: (1.5r,3.16)

(0.5n,0.690)

and

81: start and eDd poitrt is
saoaelvalue

o1r Solutiotr Mark Scheme CoEments
oxl) ^I,GMM

2r
" ^- 2GMn

2E ,2GM GM 2E ..--7 /.1 \or+- (sbown)

121 sinl -l l+ l.l I

\ 176/ .)

Bl: clear steps of
substitEtio! ad making
I Ae sutlecq baaing to
show folE

oxii) -., GM .2E

"[""1ffi-;
GM [*11]*r rl

[ \76./ )
2E+-

12

,,fq)
Idr,]

= _s" [*lr).,,)''.f*_fa)).f a']
24\ \16) ) | \76)) \16)

For statioDry r"alu6,

o= aM l."al" )*r.r)'" ["*(r))r8z\ \761 ) \ \76))

*"4=o
16

t=3t r,ll4j,
Wo d,o!'t rc€d to fi.d othfi valuer of I siioe it will have lh€ same rcpeatEd set of
speeds each time.

Deduciug Aom part (a), maximur when 1:114,

Bl: differeotiate con€ctly
witl chaiu rule

81:sub 4=0 and solve
&

for 1

B1: dEduce that EDr wheD
t=114ft

There is no ooed to show
rnat t@3!ae we c3n
dedrcd ftoo the grqh in
G).

Iftle qu€stion did not
sp€ciry th?d we haYe to do
difer€ntiatio4 we c{tr
irDsediat€ly deduce the ,
values by muttiplying 76
to 0.5n zmd.1-5tr

Because, brs beeD

renlaced bv 1' -16
Nev6rtheless this serves ss
a che<kiag mechmism.

I

I
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Q11 Solution Mark Scheme Comm€[ts

Wheo, = 1l4a
.GM2EV'=-+-

rzi"io(lla"l*t.tll. \76l )
CM 2E

= rz1""1rs"prry-;
,' = O.ZSZSZSGM ,4

"=@.,a

Ml: sub ,: I l4z to fiBd v

A1

oxiii) dL dL dt
dr dr dr

:.a("*la)*r.
I \?5/

rzl"^la)*r.
[ \76l

,"

f(""'("'X'*)
dt
n

t
76

,rl.rla) *,
[ \75l

: oos (o)

I

d,l
*L. reGi,l(o)+t.l)o'

= 0.150547

ciu* I
dtl,-

el: nnaias f; ur

diffeleEtiating wrt ,
core,cdy

Qr1 Solution Mark Scheme

g. 
= 

(-2)r0.1s0547) = -{3olo94

Thcrefore the luEiDsnce i! dccrt€siry at 6 ro& of0.30l uaits p6 yEar at the tieE
of discovcry.

Ml: applying chain lule
wi6 values substitrted

Al: deqEasiDg at a rate of
0.301

I

!
a

F
(, 

='

1'

l

s+
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2020 RVHS H2 Math Prelim P2 Solution

o1 SolutioD Mrrk Schede Commeltts
(D A,{C, is a right-aqkd tislglc.

..rc=Jrz'-tx =s

rt*n I^BAC=4=rl Gm*o)

B1: use of ry{hagoras atrd stale
clearly iie rightaagled t iangle

(ii) cx =12t4(zBAc -d)
_12(t2 ZBAC -t na)

| + tan Z-BAC ttn.,

r2f1-t,,)
\12 )
trat "ot2

5 -l2lan(|
t+1taaa

t2
60 - l,{4tan a

Ghowa)
12+5tta a

Bt o{ =t2tu(zBAc -.u\

Bl: ryply additiotr formula for te

B 1 : show clesr steps to r€ech show

(iii) For small a, tznd. a
--. (t0-l44taad
t 4 =-

12+ 5t^Ld
* (@-144s)(t2+5a)-'

=('-'-)(,.;")'

=r,-,-{,-*",(;r'. -)

25 _,125,.)-lln--ar+5d'+-d't2 144

- 169 M5=)--4+-4't2 144

169
P=- a'

t45,- tu (sbown)

Blt tald - d

81: (60-144aX12+5af'

A1

(iv)

(0.0, -r-34)

I

I

(0.0,-2.50)

Bv sl.erchinc the mnbs ol u=@ l4tuo 
1r4v ^4 u-5-l9o*YLo'' 1)+5tmd ' 1) tM

Olue), we obsewe tbat st a = 0.6 , the tffo gaphs departed iom each other
sigtrificantly. Tbus, the approxiEaticm is not very good.

E l: by graph md explaia

't
a

(,- I

!
f
a
q

o=-

I

I

I

I

I
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't

1

!

cit6i.

Q2 Solutiotr Mark Scheme Comments

(i)

I =." 
dJ +zte" t*tdr&

v!+2v'=tca
dt

ue'9+2v'o" =t
d,

e" !+2,l" =w-'
dt

Rlpla.e LHS wim (*)

9=u-'=t.t
dty
dv ,,-.y: =, c_ (atrOl?trl'dt

Btl 9=e" 9a2\F"
dr&

M[:rcplacemed

Bt: sho\r stlps clefly to
reaoh show

(ii) ltat=lEu dt

J.la,t2
v

v
224

Y' =rc" -**o, *naczc=D

u,"u =,." -t+o
2

From vfr +2v'z =ro-u,, = o,* = -{

B 1 : r,ariables separable

B1: conect htegratiod

Bl: sub y=vgz

l,,lt: sut r=O*=-8

02 Solutiotr Mrrk Sche6e ComlDents

-8v+21=0
-8+2v= 0 siev*0

Subrdonirg th. valu6 ofv ed ,,

vrcn =tco -{+D
2

rc=-l+o
D=15.5
Th.tcfct,

v2c" = rc'-l- + 16.5
2

v1 = re{ -f +nr.sea
2

B1: sub 
" 

forDd atrd , = 0

AI

o3 Solutiotr Mark Scheme Commentr
(i) 1a u=!Z-r.' x-2 '

y(x-2)=2x+ P

ta-2x=2t+p
x(y -2') = 2l + p

,x<2,

2y+P
y-2

.. r^tt=?!!!..,.2
siDoc f= fj, fis sn invotuting firDrrior- (SHOwl9

B I : makiq jr the subject and
show that 6e nrle is lhe same

Bl : show 6at the doEaiD is lie
salne

I

I

I

I



Q3 Solution Mark Scheme Comments
(ii) From (i), f(:) = fr(r)

Coqosirg frmctioo oo both sidcs,

fr(,) =fr-'(,)
f'?(.r) = r----- -- 1*1

tt tx.t = ttx.t =4!Lx-2
P.ewritug (*) , f3(r) = fj (r) sirce f invohling

I'(r)=f'(r)=,
Hem€- fe'(r)=f(r) = 4j-4" x-2

B 1: f'?(x) = r

Bl: fr(r) = f(r)

A1

(iii)
Now ff:)=4j?-x < 2'' x-2'
g(.r) =h(4-r),x< 3

ls \=(Q.o)a(--.o,2)=D, fg does lot exisl

Sime R, = (--"o,2) c (--o,:)= O., gf exists.

6@=8(:3)

= r"[q- ]* 2)
\ x-2 )
/'2, - l0\

=tnt 

- 

|

\z-2)

d,,*roffi),,.n,,.2

81: \ =(Qco),Dr = (--.c,2)

81: explaia using subset rule
correcdy

MI: sub (r) into g(.x)

A1: g(r)

!
f

!E
,D=-

!
I

BP-518

Q3 Solution Mark Scheme Comment*
(iY)

Usiry mapping method,Dr =(--.o,2) I n. =1---,2; 5 no =1r"2,-1
Therefore range ofgfis (ln2,co).

B 1: ln2
B1: (ha@)

o4 SolutioD Mark Schem€ CorDmentr
(') /e\ /a\

r,, =l -s l*pl a l,p.n
[,J l.,J

SiEc€ litre is pallllel to platrq thc di!!cti@ v€ctor ofline is p€rp.ldicular to thc rormal
oftLe plaao;

/a\r'3\
l,ll-" l=n

[,.1l.,.]
3a-4b=1

Bl: d€duce dircction
perperdiq{ar to norEel

81: show
EatheEatically

(ii)(a) 9 +2P

-5 -2p
2+P l[]1 

,
27 +6p +20+8p -2- I = -7
r3P = -52

9

-5
1 ].*{

2

1 til
The positiotr vector oflhe point ofintersection is

Ml : sub eqtr of line iato
eqn ofplaae

A1

I
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o4 Solution Mark Sch€me Commetrts

(ii)o) CoNtruct a line parallel to the uormal ofthe plane aod passi4 throuBh point,4:

' [ti]."[
3

4
-l

,a€lR

Subs. eguatiotr of litre into tbat ofpl&e:
9+3d

-5-4a
2-@ It

3

4 -7

27 +9d+20+l6d-2+d =-7
d=1

The position vector of the foot ofperpendicular is l.:1.,_,,I
[,.J l.

3

4
Itrl

9-1
-5 -3
2-4

6' +(-8)t +(a)z = dol o"ls

Ml: form eqo of line
through ,{ ad // to
plarc

M1: sub eqn of linc idro
pt"tr"

Al : positioo vector

Ml : aagainrde formula

A1

(iixc) 9-l
-5 -3Distarc€ of A to fte poitt of ir*€tse€tioa : + (-8)1 + (4;1 = J@ =tz

. - Jio4
t2

0 = 582'

Mt: anglc foroula

A1

os Solution Mark Sch€me Commeotr
(e) Caso (1): ooly I P used:

No. ofrcquired ways =

Case (2) : 2 P's r$ed:

No. ofrcquii€d wEys =

P

0
P

x3l= l8

CI

P

3 !
9

2l

Total required ways = 18 + 9 =27

Ml: cales of lP atrd 2P

B1: I correrl
calculation

AI

oxi) BI

oxii)

oxiii) No. of ways the tEale teachers ale aranged aEotrg theoselves

No. ofwsyr tie foEale te3rheIs arc alraigod alloDg lteDlselves
= 51= 120
Thera are 2 ways to arl!,lgo fto two grows of malo a[d f€msle tascheN.

Total ao. ofways = 2x24x120=5760

Ml i grouging and
aII lgitrg withh 1

goup

A1

1'
+

N+

Q6 Solutiou Mark Scheme CoD!m€trta
(iXa) 5+6 11

36 36 BI

(rxb) 5+8+7 5

369 B1

Dirbnac =

I

Requied Nr:mber ofways = (9 - 1)! = 40320

Tb€rE is oDly I way to srlElge the freslc toach.ds in oder of hciglt I M l: I wzy 0o arraDgE i!
N€x! positioE a male teacher ill cach oft[e Elob betwc€D 2 female tercho6: I order of height

FPFFF I

I
No. ofways = 4! -24 

lo,
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Q6 Soludon Mark Schedre Comments
(iixa) P(both ,rc Ace3 I rcilher ofthe cards is Spade)

_ P(both Aces & mt Spade)

P(aot Spade)

fsl
[zJ 2

/'30) 87

IrJ

Ml: crrditional
probability with corr€ct
interprBtation of
htrIsection

AI

(iixb) P(QuE€o trot DiaEod' AND 'Diamotrd not QBe€n') + P('Queen Diamood' AND
'Not Quecu Not Diamod)

CICI
/36\

[,J

4 t1

1 I 6l
315

+
361

,)

Ml:2 corr€ct cases

Ml: calculate I case

cor€atly
AI

!
]
I

!
f
1
-

o7 Solutiou Mark ScheEe ComlBents

(i)

Unbiased estimae ofthe population acai!

x = :a +12 = 12.39
100

U iased astimat€ of the populrtion variance,

"1
99

it,,,r','-(:t'-''r)' J

1." r00 
)

= 27 .2l96 : 27 .3 (to 3 s.f ;)

B1

B1

o7 Solutiotr Mark Scheme Commetrts
(ii) The reseac,hcr should carry oul a one-tail tcat to test $ireftcI lhe data of

irclrbation p6iod for MsI !asjqbg!j!@!g1 as e few data poiua of 20 days
raised atr alaE.

I-€t 4 b€ the population me€Jl iacubation p€riod for patients in Atopi&

To t€st Ho: ll = 10.8

agaiDst Hl: F> 10.8
at l% sigDificaDce level

B1: l-tail and increase

Bl: all the symbols defi&d

(in) T€st statistic:

Uxler Eo, 7 -
"(ro.t,-) "n**,* by cr-r sirce , ir larse

x-10.8
s l Jtoo

- N(0, l) approximately

pvalu€ = 0.001l7 < 0.01,

w€ rcject llo.

Therc is suffcient evidcDce 6t l% sigDificance level that the incubatioD period
has ircreased.

/ -,\
BI: x- Nl 10.8.1 I

\ 100,

approxirnately by CLT

Bl: p-value = 0.00117 <0.01

Bl: rejcct witb couclusion in
cootc*t

(ro To test H!: p: 10.8
against Ht: p* lo.E
2-tail test 6t 1% sigtrifica$a level

uoa..go, z = 
x-lo E 

-lt{0,t)
r /.,/100

Critical regioE to reject Eo:

I

I

I

I
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o7 Solution Mark Scheme Comments

By GC, zo. <-2.5'158293 ot z-h>2-5758293

Sioc€ Ho is rejecte4

i-'o r . -r.r',rrrn o. i-to',,.rrrrr,
s/10 s /10

+i<9.45 or i>tz.t 1to:sg

B1: 2"." inequalitiee with

corr€ct values

Ml: z* =I:$
A1

Q8 SolutioB Mark Sch€me Comments

(,) . The probability of each worker on eick leave i5 lho ssme for dl the 50 workers.

. The cveot lhat a wolter G sick is hdlp€ddaut ofthe eveDt thr, aDotha wor&€r

is sick
ln assueptiotr cad bc invalid as some wolkers marte more likely to fall sick than

otrers.
2d assumptiot ca! bo itrvalid as if onc worker is sicl<, he cln spreod his siohess
to otheis.

BI
Bi

B l: atry relsonable answe$

(ii) Y - B(50, p't

PW <2\=0.s4

('i)"',, -,,".('i),'n -r-.
(l- p)s +sopl- o +l22sp1(1-

50
P1 (t - d',8 = o.s4

2
4 

=0.54

y= P(7 <2)

= 0.0500 (to 3 s.t)Fro6 Gc, p :0.05004()4

B1: P(7 < 2) = 0.54 and use

ofbioomial for6ul8

Bl: corrcct equatiou

o8 SolutioD Msrk Scheme Commetrts
(iii) L€t Xb. the nlrrtrb€f of days (out of 60) fo( wliich therE aro at mo6l 2 wortcrs otr

sick leave.
x - B(60,0.s4)
E(n =60(0.s4) =32.4

Ml: E(x) =,p
A1

(iv) Givetr r - ,(50,0.0500404)

+ E(Ir) = 50(0-0s00404) =2.5o242 sd
Var(n = s0(0.0s00a04]/l0.9499s96) = 2.31 682

Siace z = 60 is large, by C€dtBl LiEit Th€orcm,

r - wrz5ozoz.231682 ) aooroximatelv'Kt"
e1w>21=o.xn

Bl: correct variance

81: use of CLT witb
cooditioos stated

81: 0 994

o9 Solution Mark SchGme Commeuts
(D

0
7

4

4

I 4

35
BI

(ii)
41

CI(:)

1r

2

00
(1)

= 
18

35

3

(lCI
(1)

=12
35

I

4

P$=r)

35

35

Bt: t coEect

Bt: 2 coEect

Bl: all corrEct

I
I

I

I

Y = 0.:A
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o9 Solutioo Mark Scheme Comments
(lu) rrxt = t.1+z.l!+3.12 +4.1 -1635 35 35 357

srx,t=f .!+t.!! +!.9 +q,.! =ao35 35 35 35 'l

vN( )o = F.t x, | -lB.! x\l' - 40 
-rl6 )r - 24

'' 1 \7) 49

B1

B I : calculate

E(x1) ad show

clearly

(iv) Lf,,t XpXz,X, bc the oorcct gucssca by 3 list dcrs rcsprctively.

P(xt+X2+X.=6)
= P(rr = l). P(& = 2). P(xr = 3) x 3 ! +

P (X | = 2). P (X 1 = 2). P (x' = 2) +

P(x, =1).P(& =l).P(x, =4)x3

= ("")[*)(*).,. (*). (*"),(*).,
= 0.258
One as$roptioo wr brvc oade is lhat the guesses of lishe.s arc hdepedeot ofeach
other

Ml : correct cases

M1: ca.lcularc 1 case

corec:t

A1
B1

(v) Required probabiliry

=3s"ra)'
\ 35-/

_1
1225

Altsmativelv

0=,
(7\1 1225

l..l

Ml: pow€lr 3 to
account for same
guesses.

AI

o10 Solution M.rk Scheme Commetrt!
(, 165 a 3(15) gives a lsage of (120,2 I 0).

L€t P be lhe toas6 ofphorc body in grams

P- N(165, l5r)

\t0 q
2{o

(NoE: 99.7% ofthe dala will lie within j standard devidtiorls, thus the
shadhg shaldlot q llnon the whob orea)

81: symmetrical bell
shape $.ith 6eaD 165

B1: 210 add l20labels

(ii)
4 -P, - ir(o,20s'))= rv(0,450)

P(4 -P,l<0.'
= P(-{.5 < .i3 - P: < 0.O

=0.0188

81: { - P, - N(0, aso)

Ml : set rp as modulus or
ftom -0.5 to 0.5
A1

(iii) Let I be the rrasr of a battery, i.0., I = 0.1EP
,=0-t8P
I = P+a = l.l8P- N(194.7,113.29)
P (ideal erss)
=P(140<Y<170)
= 0.08tM (to 3 s{ by GC)

Bl: crnEct mean for
phone with battery
81: correct variatue for
phone with battrry
AI

I
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B1:
x -NQ94.7 +q,232.29)

Ml : staodadisatioE

Ml: itrvNorE

AI

GC alert! Even if oot using GC
graph to solve, c€Ir use it a3

oheckiug mecbanism.

Let Xbc tha random variable for the total Eass of the phone

battcry strd iavcl charge(
x = f +q, wh('e 4 is a c-oostant

x-NQ.7+q,232.29')
P(X <U7) =0.85

prz.247 - (l% 7 * 4)\ 
=0.8s' .!232.29

Bv cc. g=r.03643338
' J232.29

q =36.504 =36.5 g

Y1

body,

and iltersect witfi Y2 = 0.85

Altemativel!, Use @ grnpb to sol,re

IllisEIEm
lo{.r: -1!99
\rPPar t247
u: L94.7+X
at{(232.P1
Parta

(iv)

_t)

+
a

(o4.

'0

+
1

o=.

I


