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A convergent geometric progression G has nth term denoted by #,. It has a

positive first term and common ratio . Another geometric progression H of

positive numbers has nth term denoted by v, and common ratio% L If

0<r<R<l, show that a new sequence whose nth term is In(uﬂvn) is an

arithmetic progression.

Determine if this sequence is decreasing or increasing. Justify your answer.

It is given that f(x) =2k’ +(5k—2)x" +(k—5)x+3-2k, where k is a real
constant. The curve with equation y=f (x) has only 1 x-intercept atx = % .

(i) Find the exact range of values of &.

(i) What can be said about the other two solutions to the equation f(x)=0?

A =
In the triangle ABC, AB = 1, angle BAC = @ radians and angle ABC =2T”

radians (see diagram).

V3

i) Showthat AC=—F=——"—.

j J3cos@—sin 6

(if) Given that @ is a sufficiently small angle, show that
AC ~1+af+b8*,

for constants a and b to be determined exactly.

[2]
(2]

Bl
[1]

[3]

(3]



4

3

x* —5x+7

(a) The curve C has equation y =
4-2x

1
(3—x)+B]’

where 4 and B are constants to be found, find a sequence of transformations

By expressing the equation of C in the form y :A[(3—x)+

; 1
which transforms the graph of C on to the graph of y =x +———1- .
x —

Y
®) 2

(1.2)

x=0.5

The diagram shows the graph of y =f(x) with an asymptote x=0.5. The
curve passes through the origin O and has only one stationary point at (1, 2).

1
Sketch the graph of yz-t:(—j , showing clearly the equations of any
X

asymptotes and the coordinates of any turning points and x—intercepts.

(i) Express—; as A + i , where 4 and B are constants to be
4r- +16r+15 2r+3 2r+5
determined.
The sum Z is denoted by S,.

4r? +16r +15
(ii) Find an expression for S, in terms of n.

(iii) Find the smallest value of n for which S, is within 10~ of the sum to infinity.

in terms of n.

2n
(iv) Using the result in (ii), find Z -
r=l0 4 —

(3]

(1]

[3]
(3]

(3]
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4
Referred to the origin O, points 4, B and C have position vectors a, b and ¢
respectively. Point C lies on B4 produced such that B4: AC =A: u, where
A,u>0.

-
(i) Show that OC is given by Lﬂ" a- %b :

. 42 .
(ii) It is given that a is a unit vector, b| =3 and angle AOB is cos ‘[g) Find

the ratio BA: AC such that C, which is on the line 4B, is nearest to O.

The position vector v, is such that v, =a+ k(b —a) where £ is a positive
. =4
integer. If OS=v +Vv,+v,+..+V ,

—>
(iii) find OS in terms of a,b and n. Simplify your answer.

(iv) If A=2 and =3, find the area of triangle OCS in the form k|a><b

b

where k is in terms of n.

(a) The function fis such that f : x > “2x*+4x+1, xeR,x<a.

State the greatest value of a such that f ! exists and for this value of a, find

£~ in a similar form.

(b) The function g is a strictly decreasing and continuous function such that

g(x) =—g(~x) for x € R. The coordinates of certain points on the curve of

y =g(x) are as follows:

xJN6-[-571 S| 4al32] 3] ~1] 0 | 2 LA3
y| 7 |af3| 6 |33 43| 4 |23 0 |-37]|-55

(i) State the value of g7'(—6).

Another function h is defined by h: x +> 4sin2x for {}stg.

(ii) Find the exact range of the composite function gh. Find the range of
values of x such that the composite function gh satisfies the inequality

rg“h (x)+ 3| < 2. Leave your answer in exact form.

[1]

[4]

(2]

(3]

(4]

(1]

[4]



(¢) The function k is defined by

n -
Jn+=, for odd positive integer n
k:in— 2
n, for even positive integer n.

Explain clearly whether the composite function k? exists.

Do not use a calculator in answering this question.
(a)(i) Solve the equation w’ =3 —4i, giving your answers in cartesian form

a+ib.
(ii) Hence find the roots of the equation z* —4iz+4i—7 =0, giving your

answers in cartesian form p +gi.

- . By

7

(b) For positive integer n, a complex number z is such that |z|" =

n

considering the conjugate of 1+2z*", show that

1405

o g AT
(a)(i) Find a;c—[sm(x3 +2)]

(i) Find J' 2% cos(x® +2)dx.

—-16

(b)(i) Using an algebraic approach, solve the mequahty T <1.
(ii) Find I( E_16 1] dx.
x*-16
(iii) Hence find the exact value of J i 1166 - 1! dx in the form of In % )
x p—

where a and b are real constants.

is a real number.

(4]

(2]

(4]

(2]

(3]

3]

(3]
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y
i ky
%
x x
x [
* _ Cross-section of Container *
Container Lid

Crayole, a handicraft company, requires a container of negligible thickness to
hold 200 cm? of party slime. The cross-section of the container is a regular
pentagon with sides x cm and the height of the container is y cm. The sides of its
lid is x cmand has a depthky cm , where 0 < k£ <1 (see diagram).
2

It is known that the area of a regular pentagon with sides x cm is given by axT’
where a is a positive fixed constant.

(i) Use differentiation to find, in terms of @ andk , the exact value of x which

gives a minimum total external surface area of the container and the lid.

(ii) Find the ratio 2 in terms of a and & in this case, simplifying your answer.

x
(iii) Find the range of values of L in terms of a.
X

(iv) Find the exact value of &, in terms of g, if the company requires the sides of

the container to be % of its height.

(6]
(2]

(2]

(2]



11

(2)

(b)

.
At the beginning of January 2010, Mr Wong’s fish farm has 40 000 fish
breeding in a large pond. In the period between January and December each
year, the number of fish increases by 9%. At the end of December each year,
5400 fish are harvested and sold at the fish markets for $6 per fish. No fish
died or are being poached while he is in business.

(i) Find the number of fish just after the nth harvest, giving your answer

in the form A— B(1.09)", where 4 and B are constants to be
determined.

(ii) Find the earliest month and year in which there will be no more fish in
the pond.

Mr Wong has been thinking of retiring since January 2010. Every December

just after the harvest, a nearby fish farm offers to buy over Mr Wong’s

business by paying $8 per fish for his remaining stock.

(iii) If he wishes to retire by selling off his fish farm business with the
maximum gain after the nth harvest, find the value of n.

White-tailed deer can be found in forests of Southern Canada. A wildlife

biologist is investigating the change of a population of white-tailed deer of

size x (thousands) at time 7 (years). He observed that on average, their birth
rate is 4000 per year and their death rate is proportional to the square of the
population present.

(i) When the population was 5000, the rate of increase of the population at
that instant was 1750 per year. Assuming that x and ¢ are continuous
variables, form a differential equation relating x and .

(ii) There were 2000 deer in the forest initially. Solve this differential

equation to obtain x as an exact function of .

End of Paper

B3]

(2]

(3]

(4]
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Section A: Pure Mathematics [40 marks]

The complex number z and w are given by z=2¢", where ST” <@<n,and

w=1++/3i. Express w—z in exponential form re”®, where both r and a are in
terms of # and ~-w<a<7w.

(a) A curve is defined by the parametric equations

x=;, y=£, for 0<t<l.

1
Show that the equation of the normal to the curve at the point P (—, pz] is
p
2p'y-px=2p° -1

Hence, using an algebraic method, show that the normal at P cuts the curve
exactly once.

[6]

(b)

. . 1 . o .
A cone of semi-vertical angle «, where tanazg , is held with its axis

vertical and vertex downwards (see diagram). At the beginning of an
experiment, it is filled with 300 cm? of liquid water. Water runs out of a small
hole at the vertex at a constant rate of 0.2 cm® per second. At time ¢ minutes
after the start, the radius of the water surface is » cm (see diagram). Find the
rate at which the depth of the liquid is decreasing 5 minutes after the start of
the experiment.

[The volume of a cone of base radius 7 and height 4 is given by V' = %mzh.]

[5]

A drone carrying a bomb departs from a point 4(-1, 1, —3) . It flies in a direction
of —ai+ j+2ak , where a> 0, across a lake to a target location. It is given that
the surface of the lake is part of a plane with equation x—z=2.

(i) Determine the value of a if the path of the drone makes an angle of % radians

with the surface of the lake.

[3]

It is given that a = 2.

(ii) A missile is launched to intercept the drone. It moves in a path with
x—10

equation =z, y=m, where m is a real constant. Given that the

missile is successful in intercepting the drone, find the point of
interception.

(3]




3
(iii) At the point of interception, a piece of the drone falls perpendicular to the
(3]

lake and meets the surface of the lake at N. Find the position vector of N.
(iv) Denoting the line that contains the drone’s path as I; and L, 'being the
reflection of L, in the surface of the lake, find a vector equation of L. (3]
(3]

(a) Find j (cots 2x+c0t42x—sin%sin37x] dx.

2

(b) The diagram shows the graphs of y = ¢* and y = (x+1)

yz(x+l)2 //

y=e
(—1.2785,0.07754)

> X

R is the finite region bounded by the two curves y = ¢** and y = (x+1)’.
Find the volume of the solid formed when R is rotated through 27z radians
about the y-axis, giving your answer correct to 4 decimal places. [3]

(c) A curve C has parametric equations
for =F KPR

.t i 3
x=2|sin——-cos— |, y=sin—+cos—,
( 2] 5 : 2 2
The line L with equation y = —2x—5 meets the curve C at the point (—2,—1).
S is the region enclosed by line L, curve C and the x-axis as shown in the

diagram below.
Y
h
— X
c
(-2.-1)
(i) Show that the x-intercept of curve Cis ~2+/2 . [2]
(ii) Find the exact area of S. [6]

Section B: Statistics [60 marks]
5 | Elaine always receives two $2 notes, two $5 notes and one $20 note from her

parents as her monthly allowance. She decides to select two of these notes to
contribute to Community Chest for the month of August. The total value of these

notes is denoted by $C.
(i) Determine the probability distribution of C. [3]

[Turn Over



4

(ii) Find the expected amount of money that she will donate in August and the
variance of C.

[2]

In September, Elaine decides to contribute to Community Chest again.

(iii) Find the probability that her total amount of donations for August and
September is at least $12.

(2]

A group of 300 students are asked whether they own any earbuds, laptops or
games machines.

90 students own a pair of earbuds

177 students own a laptop

100 students own a games machine

Events 4, L and G are defined as follows:

A: a randomly chosen student owns a pair of earbuds.
L: a randomly chosen student owns a laptop.
G: a randomly chosen student owns a game machine.

It is given that events 4 and G are independent events. It is also given that 35
students own a laptop and a games machine and that 20 students own all the three
gadgets.

(i) Find the probability that a student selected at random owns either a games
machine or a pair of earbuds but not both.

(2]

(ii) A student selected at random owns a games machine. Find the probability
that the student owns exactly two of the gadgets.

(2]

(iii) Find the greatest and least value of P(ANLNG").

[3]

The masses, in grams, of mangoes have the distribution N(200, 30%) and the

masses, in grams, of oranges have the distribution N(x, o).

(i) Let A be the average mass of a mango and two oranges. Given that
P(4 <162) = P(4 > 206) = 0.06, find 2. Hence form an equation involving

o and solve for o .

[5]

(i) Find probability that the total mass of 3 mangoes differs from 3 times the
mass of an orange by at most 136 grams.

(3]

(iii) Mangoes are sold at $26 per kilogram. Find the probability that the total
selling price of 6 mangoes exceeds $29.50.

(2]

The boss of a hair salon chain claims that the waiting time, on average, is 15
minutes. Jeremy believes that the waiting time quoted by the hair salon chain is
understated. He carries out a survey to investigate this by asking the waiting time
for 110 customers. The waiting time are summarised by

> £=1900, and Y (r-15) =25400.

(i) Find the unbiased estimate of the population mean. Leave your answers
correct to 3 decimal places. Show that the unbiased estimate of the

population variance is given by 227.815.

(2]

(i) Carry out a test on Jeremy’s belief at the 5% significance level, stating a
necessary assumption for the test.

[3]

(iii) Kalai did another test to determine whether the mean waiting time differs
from 15 minutes using another random sample. The waiting times of n

[4




5

randomly chosen customers, where n is large, were recorded, and their mean
and standard deviation are 15.6 minutes and 2.5 minutes respectively. Given
that the null hypothesis is rejected at the 5% level of significance, find the
least value of n.

A rectangular barrack with a door at each end, has 12 beds marked 4, B, C,..., L
as shown in the diagram below. Johnson and 11 other soldiers take 1 bed each.

DOOI‘ Door

(i) Find the number of different sleeping arrangements possible if none of
Johnson and 2 other particular soldiers are adjacent to each other, and all
three of them are on the same side of the barrack.

(2]

One afternoon, 9 particular soldiers went out to have lunch. There were 3 identical
round tables at the dining venue.

(ii) How many ways can 9 soldiers be seated if there must be at least two soldiers
at each table?

(4]

Johnson was playing with a deck of 10 cards. When the cards are arranged in a
certain manner, it forms the word SUCCESSFUL.

(iii) Find the number of ways he can arrange the 10 cards such that not all the
letter “S” are together.

(2]

(iv) He wishes to replace his existing handphone 4-letter codeword using letters
from the word SUCCESSFUL, how many different options would he have.

[4]

10

A ferry company operates a 9am ferry, with a passenger capacity of 108, from
Island X to Island Y daily. To maximise profits, 113 tickets are sold online each
day because it was found that on average, p% of customers who have purchased
a ticket do not turn up.

(i) It is known that there is a probability of 0.012 that at most 1 customer will not
turn up for the ferry. Write down an equation in terms of p, and hence find p
correct to 3 decimal places.

[3]

It is now given that p = 6.

(ii) Find the probability that there are no empty seats if every customer who
turns up get a seat on the 9am ferry.

E]|

(iii) Find the probability that, in a randomly chosen week, every customer who
turns up gets a seat on the 9am ferry on at least 5 days of the week.

(iv) Find the maximum number of tickets that could be sold so that the probability
of a customer not getting a seat on the ferry is no more than 0.01.

[3]

[Turn Over
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(v) A period of forty days are randomly selected. Find the probability that the
mean daily number of customers who purchased a ticket and managed to turn
up during this period is at most 106. [2]

End of Paper
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READ THESE INSTRUCTIONS FIRST Question Marh

‘Write your name and class in the boxes above. I
Please write clearly and use capital letters.

2

A convergent geometric progression G has nth term denoted by u,. It has a
positive first term and common ratio . Another geometric progression H, of
positive numbers, has nth term denoted by v, and common nnmows |
0<r<R<1, show that a new sequence whose nth term is In(u,v,) is an

arithmetic progression.

[2]

Determine if this sequence is decreasing or increasing. Justify your answer.

[2

Solution

nsﬁlg.uuu

HptVot

‘Write in dark blue or black pen. HB pencil may be used for graphs 2
and diagrams only. =
Do not use staples, paper clips, glue or correction fluid. 3

Since » and R are both constants as G and H are both G.P.
Since difference between consecutive terms of the new sequence is constant, it
is an arithmetic progression.

Answer all the questions and write your answers in this booklet. 4

Do not tear out any part of this booklet.
Give t numerical correct to 3 significant figures, or

1 decimal place in the case of angles in degrees, unless a different 6
level of accuracy is specified in the question.

You are expected to use an approved graphing calculator, 7

Itis given that f(x) =2k +(5k—2)x" +(k—5)x+3—2k, where kis a real

constant. The curve with equation y = f (x)has only 1 x-intercept atx = L

‘Where unsupported answers from a graphing calculator are not
allowed in a question, you are required to present the mathematical 8

steps using mathematical notations and not calculator commands.

All work must be handed in at the end of the examination. If you
have used any additional paper, please insert them inside this

boaklet. 11
The number of marks is given in brackets [ ] at the end of each
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The diagram shows the graph of y =f(x) with an asymptote x =0.5. The Solution
curve passes through the origin O and has only one stationary point at @ Let 4 & 4 __4 & B
(12). 4r' +16r+15  (2r+3)2r+5) 2r+3 2r+5
1 it of 4= A(2r+5)+ B(2r+3)
Sketch the graph of y =——, showing clear! equations of any 3
f(x) When r=~=, 4= A(-345)= A=2
a8; tes and the coordinates of any tuming points and x—intercepts. 31 un
: h When r=~2, 4=B(-5+3)= B=-2
Solution . 2
(a) . & 2
n.ﬁlmi._.nmumat..uwTu&p 1 _ 4r'416r415 2r+3 2r+5
A AR S fesppl s, =3 ) u@ ;uM uleaﬁa
+167+ +
Llw.rhlunvuilu \ ' = Ar AE 5
o ! I .
~Ci2y= Glnu+G|Hv|_ 3 =b Tmawsntlen - &ty

Jb».

-
Transform Cto y =x+—— 4 PTD...T\ Lol A

®)
(1,0.5)
y=0 \n/ -
0] f(05,0) : P
R il 2n+ 5 > 2000
4 A B _— B4 § A Lo S n>997.5
Ex + where 4 and B ik L —
e ™ T R STT R EIT O CIRRELY 0 i R e Smallest value of n = 998
determined. [
z 4
The ——————is denoted by S,.
.E.M#»im_.tm: .
Find an expression for S, in terms of n. [31
(i) Find the smallest value of  for which S, is within 10~ of the sum to infinity. | [3
2
3:..8?..8%53.?.M|» in terms of n. 3]
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The function k is defined I-En‘lir».
@iatnat el Ty m. A o Byt
for odd positive integer n

r.“ :.Tv..*u\m....m...

2
n, for even positive _r.usm n

Commented [LT26]: Misconception
Many thought that Ry =[L o) and Dy =[1,0).
One needs to note that this is not a continuous

Explain clearly whether the comp

ite function k? exists.

curve. It actually. consists of infinitely many
(1] standalone points plotted on the Cartesian Plane. |

L

Solution : .
(a) Greates{ value of a is 1. |~ Commented [LT27]: Presentation of Answer
_v.ulm?|_vu+m_ p" P2 UF A number of students missed out the word
e | { Commented [LT28): Careless vistake
Some students did not B;._u_.B.m E..u square

|eorrectly.

Avrent]
o

¢ vt 1 4

| Commented [LT30]: Presentation of Answer

reason for the selection.

9e-5) < o (9 (6wx)) < 9V
nc-$) 7 Wik) > aon&

, s
O g7 (-6)=5] ™ Commented [LT31]: Question Reading
OR 1] | id not write the answer in similar form.
Incorrect Prosentation
n.;_TTT w%. xe(-n3].
3?7_1_\_”&. _um_,u?ﬁuu.
| commented [LT32]: Question Reading/ -
£sin2x Understanding of Question.
| | A number of st gave the answer as 7,
i 2 R
Y 4 \
.
32 2 2. - Lo, «]
@) R, =[0.4] R _
%_V.“,_-mﬂu?fm o e
[Re =[-25,0] Ry, #R, and D, # Ry

[Turn Over
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(i) [Hened find the roots of the equation z* —4iz+4i—7=0, giving your

answers in cartesian form p+ gi.
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3 220089) ;w.% 3x g (Ee2) dx

13

mnn cos(* +2)

=2 in(+2) +w§?u +2)+C

P\I/\ll'.\\

3 3
x-16 D (x-®&)- Cn =te) Commented [CKI54]: Common Mistake |
®0 x*=16 E_ xE—-(& L » A few students multiplied by x* — 16 throughout.
16—x*+16 This is not allowed as we are unsure whether x* ~
$ <0 16 s a pasitive or negative number.
! X20 ov Xe=| CLinclagian).

Kt Uhor -\
+ il + .
0o 1 4
f (c€) 2x b
-hhluw— 1dx ﬂF'.-Flr pra— ...|N —
| fee) 2] -t xHe
&
Altemative Method
._. x=16 lde
x*-16
-f \r-h-;ﬁ
x+4 x-—
Im_a_.«...a*..m_b_wia_lh+n
(i) When x<—4 or0<x<lorx>4, Tl__mm-_mc.

._..__ _W_ML_ dx

-1dx +i_. ﬁw»..um

Commented [CKI58]: Many students did

not know how to remove the modulus sign.

mn...._n.:u u_..c..-n Ewﬂ_cau a -.B_:E.. sign as
x=16

x*-16

r H
-
LA o ks

) - fox)

14

n‘qa x-16 —1dv+ 0 x-16

~ldx
-1 x*-16 L X -16

H u u H H u
H|—Em|l€;mn5lln IF—I... I
T 3 + ﬁuw u,,hm m mEG+wFu+_u

‘HF;,.._B;HWAHQ
15

Alternative Method
bl x-16
-1 dx =
._.;_ 2 -16 _
° x-16 b x-16 w
—1ldx+| - -1|dx
._..:mx; .—o ﬁafa
5 3

0 1
5 3
u_HMF_a.I_lm_b_kia_tLL i_HMF _.«+a_|mbu_x|p_|a~=

uﬁmw_fmwiuuﬁm__;-m_&&;ﬁm_ﬂ;m_&l@-ﬁm_ufm_iu
27473 272 27 20473

u_u?w_uf.w._&:Tw_ufm_uutii

=In16-In15
<ial®
15

1

0

O

=2ln4-In3-In5
Cross-section of Container

x
Container

Crayole, a handicraft i of uniform cross-sectional
area, and with negligible E.owuu-. to H_oE 200 cm’ of party slime. The cross-
section of the container is a regular pentagon with sides x cm and the vertical
height of the container is y cm. The sides of its lid is x cm and has a depth ky cm ,

where 0 <k <1 (see diagram).

A
mnrgsgﬁnsa&saaﬂvﬂgsiﬁwﬁgagiEﬁ:r«ﬁq
where a is a positive fixed

(i) Use differentiation to find, in terms of a and k, the exact value of x which

gives a minimum total external surface area of the container and the lid.




o
m

“puod oq
UI {SIJ 210Ul OU 5q [JU 21971 YOI U JeaK puE yiuow Jsoties o purd (1)
[e] “pouLap
90 0} SJUEISUOD Are g Puw p 21oqm * ,(60' 1) —F ULIOJ o Ul
1amsue mok SWALS |SoATeY quu 9 Joye 1s0( gsy Jo Joquimd o puty (1)
“§8ouIsnq Uy 81 aYf oM payouod Buseq are 1o paip
sy ON sy Tod g 10y s)adjIewd sy ot je p[os pudijESAEERIEiG]

WS 000 Op SeY mIEy sy s, Suop JW ‘0107 Arenuef jo Suumdaq o yv (®) | 1T

TMI*

£ (@+Ds x
P nM?s

TSA+1>1
‘15 ¥ >0 aourg (m)

(o

(v+1)s

153) AATRALISD ) T POOIA

P/a+Doooy P
(+1)oo0s S.P

2Ny uogy

[CTTT)

(¥+1)0008 S
(159) PABBALIDP puT) T PONIIIAL

“wnuyaro st g eaod o,

Fd
G+ooor
P

(¥ +1000+

é

=— ‘g wnurm o4
w

—XD

e 7

— P m—
(r+Doooy 5P
ﬁ

ﬁﬁuu?éﬁw.é

(D) o (7) SIHSqng

wlny x v g

|4
00z= 7= 4

71 99 IOUIEI00 T JO SWM[OA 9T

(1) -

4
— (Y-
(1+1) )

3 ot }ofig o1)-s

4
700 (i + 1og09) Vo S9E TGS 501 101 ()
.

e uopniog

’ -’

rl -

T

PPt

v

SIS =77 w0 sqoimmuoo og
3o sopis oy saxmbai Awedinon o Ji ‘v Jo suLR) U1 * ¥ JO ON[BA J0¥X3 97} P (AT)

(el

X
P 30 SULG) U} — 30 sanfea 30 oBtres o puld (N)

o
.%ua U9YA WMWY §1 § ‘010J0301 ],

9

[2]

x

“Jamsuw mo Burgyduns 95w SI) U3y PUE £ JO SWUS) W — one: A% Putd ()

s




BP~59

Tl gouns *
([ Lebe + st ovewr w grs)

3% on ﬁ.-v -

: e

Mr Wong has been thinking of retiring since January 2010. ecember
just after the harvest, a nearby fish farm offers to buy Mr Wong's
business by paying $8 per fish for his remaining stock.
(iif) If he wishes to retire by selling off his fish farm business after the nth
harvest, find the value of n where the total gains is the maximum. 3]
(b) White-tailed deer can be found in forests of Southern Canada. A wildlife
Eonan.ua is investigating the change of a population of white-tailed deer of
i . He observed that on average, their birth
rate is 4000 per year and their death rate is proportional to the square of the
population present. bx=C
(i) When the population was 50007 The rate of increase of the population at
- _n.ﬂﬂ that instant was 1750 per year. Assuming that x and ¢ are continuous
- variables, form a differential equation relating x and . 2]
(ii) There were 2000 decr in the forest initially. Solve this differential
equation to obtain x as an exact function of . 4]
Solution
(ai)
n Number of fish remaining after nth harvest
1 40000 (1.09) — 5400
2
3
Number of fish after the nth harvest
5 1.09" -1
= 40000 (1. -
(1.09)" — 5400 ﬁ 1091 w
= 40000(1.09)" - 60000(1.09" -1)
= 60000 - u.ecocﬁ.cuu_. , where A4 = 60000, B = 20000
‘When there is no fish
Method 1
(1.09)"=3
In3
= =12.7 years
" n0.09)
[Turn Over

—20 000 I\ o.J ~G 0007

ﬁ l- O&VS b2 3

A tmltoq) 7 W 5

£b (9€69) (w)

(fuousands)

18

uﬁs 20212 e E 2022

_ur_..n-

, in [DEGP028] (as harvest occurs at end of

425221.81
423531.78

=10

1.75=4-25k

k=0.09

mm =4-0.09x
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ANDERSON SERANGOON

JUNIOR COLLEGE

MATHEMATICS

H2 Mathematics Paper 2 (100 marks)

Additional Material(s): List of Formulae (MF 26)

18

9758

Sept 2020
3 hours

READ THESE INSTRUCTIONS FIRST

‘Write your name and class in the boxes above.

Please write clearly and use capital letters.

‘Write in dark blue or black pen. HB pencil may be used for graphs
and diagrams only.

Do not use staples, paper clips, glue or correction fluid.

Answer all the questions and write your answers in this booklet.

Do not tear out any part of this booklet.

Give non-exact numerical answers correct to 3 significant figures, or
1 decimal place in the case of angles in degrees, unless a different
level of accuracy is specified in the question.
You are expected to use an approved graphing calculator.

‘Where unsupported answers from a graphing calculator are not
llowed in a question, you are required to present the mathematical
steps using mathematical notations and net calculator commands.

All work must be handed in at the end of the examination. If you
have used any additional paper, please insert them inside this
booklet.

The number of marks is given in brackets [ ] at the end of each
question or part question.

Total

This document consists of 18 printed pages and 2 blank pages.
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-ptt |

X - 10 + 2
]| m 0 %
U0 ), e

.‘ v
4 t\\ 5
\ ) >§..m:._§§&.w,u§§&o&sﬁ Tt moves in a path with
Hence (1) has po real sol :
mFoo&Rn_aguw;Eann_gnumﬂn so the normal at P cuts the curve only equatl aﬁivoai_:noagnuﬂnu. Given that the
once. _ il in intéroepting the drone, find the point of
(b) Let 7 b the volume of the water in the cone and / be the depth of water i Lu.ﬁu“mﬁﬂoﬁ s e
the cone. Then, (iii) At the point of interception, a piece of the drone falls perpendicular to the
v Lo, 4a = ..W . lake and meets the surface of the lake at N. Find the position vector of N. | [3]
= , nael = - : : A
I g (iv) Denoting the line that contains the drone’s path as L, and L 'being the
-r W reflection of L, in the surface of the lake, find a vector equation of L, '. _..n:.
o X
o W* =~ . ; iy . Solution
Decrease in volume after § min=0.2x60x5
=60 cm’
in the cone = 240 cm’
1 ]
B 240 =L 7#
T Y B )
4 - 6480 V=3
= 2
6480 i
. Tn= 30|k
i) =
a9 a W
= S\
— =—0.00354 cm/s
3 s

It is given that

Euuﬁwooonﬁog_-@om-e_-ﬁnﬂaﬁgn z=2,

() Determine the value of a _mEaT»r omn_o&ﬂ.answlnu-uur& radians
with the surface of the lakd [3]

Itisgiven thata=2. ==,

\Nﬁl v = ‘Commented [LT13]: Queston Reading
1Y " n ﬁ o g A number did not realized that this is the angle -

=1 between a line and a plane.
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§ o oaax. "
= foe) T AC

Janletl = gec? > Muo .v . B
» coec” x ' hm Joun %) =
et X + L= L Nuﬂ
= — oten 9
s T Ceot ®) =
3. i
cot® 2x +cot* 2x—sin sin 2 T r'y - . =[* (esinr) a3
= 1
=[t-cos ]’ -3
T — ~ 1
e R pt momzmih-o08 (m) -
phowas-coss))ax  £ON= wot X | iy
_ ey = kosec [ 2 4
Section B: Statistics [60 marks|
ion §
§§ — ; |- 4 . b - R on -
13 T.)E» %...J.—._Tri@w% (i) _Determine the probability distribution of C. Bl
; PR i it i (ii) Find the expected amount of money that she will donate in August and the :
SRR o R e i ,. variance of C. _ . 2 |
=0.5593 (correct to 4 dec. place) 4L In September, Elaine decides to contribute to Community Chest again.
= . (i) Find the probability that her total amount of donations for August and
(ci) When y =0, .., AP September is at least §12. 2
\annﬁmfanw iy
15 Solution
-Ew.?s.w a2t 1 Sa-orwﬁu.uuvu!nnsnmnmu%
B : e
s EE. A PREERAE
o b 5 2.1 1
BRI, . r Case 3:P(55,89) =P(C = 10) = T x =
o nE&Hﬁc.svazﬂ.ﬁs..znuusapwmx&;m
N a-.&:.ﬁ»ﬁ&a_.au.ssl.ﬂnugupwmanw
] C 2 7 10 2 25
Me=n | L | 2 | L | & 1
5 5 5
6
Variance of C= E(C*)~[E(C)]" (with substitutions)

[Turn Over
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The masses, in grams, of mangoes have the distribution N(200, 30*) and the
masses, in grams, of oranges have the distribution N(z, o).

(i) LetA bethe average mass, in grams, of a mango and two jrar
P(d <162) = P(A > 206) = 0.06, find s . Hence form an equation involving
o and solve for & .

T ~N(31.2, 3.6504)

P(T >29.5)=0813 (3 8.1)

(ii) Find probability that the total mass of 3 mangoes differs from 3 times the
mass of an orange by at most 136 grams.

(iii) Mangoes are sold at $26 per kilogram. Find the probability that the total
selling price of 6 mangoes exceeds $29.50.

The boss of & bair salon chain claims that fhe walting fime, on average, is 15
minutes. Jeremy believes that the waiting time quoted by the hair salon chain is
understated. He carries out a survey to investigate this by asking the waiting time

for 110 rand .ﬂﬁsa:.lnm. »_Eap_.a-ga&s

Solution

(i) Let.Xbe the mass, in grams, of a randomly chosen mango.
Let wgﬁoE.EE of a randomly chosen orange.

(M Find the Leave your answers

correct to Show that the unbiased estimate of the
population variance is given by 227.815.

(i) Carry out a test on Jeremy’s belief at the 5% significance level, stating a
necessary tion for the test.

[2]

(iii) Kalai did another test to d ine whether the mean waiting time differs
from 15 minutes using another random sample. The waiting times of n
randomly chosen where n is large, were recarded, and their mean
and standard deviation are 15.6 minutes and 2.5 mi pectively. Given
that the null hypothesis is rejected at the 5% level of significance, find the
least value of n.

Solution

1 1900
1) Unbiased estimate of population mean = £ = 202 = 17.273
o = o 10110

v
Tusoummm@uuﬁ 815

86 155471
20 +900

20 +900 =1801.994907

=21237 (58.£)=212 (35.F)

() LetS=X +X,+X -3¥

Let u be the average waiting time of a customer.

§ ~N(3x200-3x176, 3x30% +32x21.237%)

Let T be the random variable “the waiting time of a randomly chosen customer”.

§~N(72, 6758.97T)

Left tailed z-test at 5% level of significance _

=076 (0 85)

[Turn Over
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Select 1 letter from U, C, E,F, L
No of 4-letter code-words with the chosen letter and 3 “S”s

Select | pair from UU, CC, SS + select 2 distinct letters from remaining lettets
No of 4-letter code-words with the chosen pair of same letters and the chosen 2
lett

o 1L
Select 2 paits from UU, CC, SS and select 2 more distinct letters from
remaining

No. of such code-words

ket 08, U, GBS

No. of such code-words = aﬁ. x41=360

Total no. of 4-letter code-words =20 +360+18+360 =758

frof_|

A ferry company operates a 9am ferry, with a passenger capacity of 108, from
Island X to Island Y daily. To maximise profits, 113 tickets are sold online each
day because it was found that on average, % of customers who have purchased
a ticket do not turn up.

(i) It is known that there is a probability of 0.012 that at most I customer will not
turn up for the ferry. [Write down an equation in terms of p, and hetice find p
correct to 3 decimal places|

1t is now given that p = 6.

(if) Find the probability that there are no empty seats | every customer who
E.Hm.mgﬂ seatjon the 9am ferry.

17

(x=1)=0.012

»g 113 .“ ﬁ 112
1-2 L2 h-L) =0
h _gu taﬁs% _su 0.012

Using GC, p=5.554 (3 decimal place)

(ii) Let Y be the random variable that di the ber of ¢ s who
purchased a ticket and turn up for the 9 am ferry out of 113 customers.
¥ ~B(113,0.94)

0.136717

0.814523

=0.168

(iif) Let P be the random variable that denotes the number of days where every
on the 9 am ferry out of 7 days.

84)=0.

(iv) Let T denote the number of customers who purchased a ticket BEELB up for
the 9am ferry out of n

(iii) Find the probability that, in a randomly chosen week, every customer who
turns up gets a seat on the 9am ferry on at least 5 days of the week.

(iv) Find the maximum number of tickets that could be sold so that the probability
of a customer not getting a seat on the ferry is no more than 0.01.

Usin: -

When =109, P(T <108) =0,99882 > 0.99
When =110, P(T'$108)=0.99112>0.99
When n =111, P(T $108) = 0.96571 < 0.99

maximum # = 110

(¥) A period of forty days are randomly selected. Find the probability that the
mean daily number of customers who purchased a ticket and managed fo turn
up during this period is at most 106,

(¥) Let ¥ be the random variable that denotes the number of customers who
purchased a ticket and turn up for the 9 am ferry out of 113 customers.

by Central Limit Theorem,

Solution

@
Let X be the random variable denoting the number of customers who did not tum

up for the 9 am mnnnu.vﬂ».on 113 customers jon a randomly chosen day.

ﬁn = w@ Hmimlu |
2L 1004

al Distribution are
ity of success. So it
r ~B(113,p)

It E&uouﬂs. 3&9«5.«% FE«

7

iarmn.m.iu it would mean 1=

100
1
100°

imately,

P(¥ <106)=0.201

s fOT EE.WnE P

End of Paper

[Turn Over




