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1 The diagram below shows a shape which is symmetrical about the x- and y-axes. The
shape is made up of four curves, 4, B, C and D.

The curve A4 has equation \/;-f-\/;:l for 0<x<1 and 0<y<1.
(i) State the equations and the range of values of x and y for curves B and C. [3]
(ii) The curves 4 and B are scaled by a factor % parallel to the x-axis and the curves C

and D are scaled by a factor 2 parallel to the y-axis. Sketch the resulting shape.  [2]

a 1 -2 1

2 The position vectors of 4, B, C and D are | 1 |,|-2|,| 3 | and | S | respectively,
5 1 1 7

where o and £ are real numbers. Given that BD is a perpendicular bisector of AC, find

the values of a and . [5]

3 The hyperbola C passes through the point (2, 0) and has oblique asymptotes y =—-2x and

y=2x.
(i) Sketch C, showing the relevant features of the curve. [2]
(ii) Write down the equation of C. [1]

(iii) By adding a suitable curve to your sketch in part (i), solve the inequality

,/%2—1<\/x—1. 3]

© TJC 2019 www.KiasufzxgoiPaper.com
742



X

e . ..
P x # k, where k is a positive real number.

4 A curve C has equation y =

Show algebraically that C has exactly one stationary point, and show that the stationary

point lies in the first quadrant. [3]
Sketch C for x > k, indicating clearly the equation of the asymptote and the coordinates
of the stationary point. [2]
k*% e’ 1 o el .
Deduce that j 1 dx < 3 3e 2+e 2| forall positive real values of . 2]
k+— X —
2

5 In geometric optics, the paraxial approximation is a small-angle approximation used in
Gaussian optics and ray tracing of light through an optical system such as a lens.

In the diagram below, a light ray parallel to the horizontal axis is reflected at point B on
the circular lens centred at point C and has radius » cm. Let ZBCF =@ radians . FM
is the perpendicular bisector of CB.

Light ray

Horizontal axis

Part of the
circular lens

d , Where k is a real constant to be determined. [1]

(i) Show that CF =
kcos@

(ii) Hence find the series expansion for CF if @ is sufficiently small for #° and terms

in higher powers of 8 to be neglected. [2]

Suppose that the source of the light ray is now repositioned such that

/BCF = (0 + %j radians .

(iii) Find the corresponding series expansion for CF, up to and including the term in 67 .

[4]
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6  Anarithmetic sequence has first term a and common difference d, where a and d are non-
zero. The ninth, tenth and thirteenth terms of the arithmetic sequence are the first three
terms of a geometric sequence.

(i) Showthat a=-1d. [3]

(ii) The sum of the first n terms of the arithmetic sequence is denoted by S, . Find the
value of S, . [2]

(iii) Given that the & term of the arithmetic sequence is the fourth term of the geometric
sequence, find the value of £. [3]

7 A curve C has parametric equations

2 P
x=t", y=te , for t>0.

(i) Find the equation of the tangent to C at the point P with coordinates ( pz, pe? 2 ) ,

where p#0. Hence, or otherwise, find the exact equation of the tangent L to C
which passes through the origin. [5]
(ii) (a) Find the cartesian equation of C. [1]
(b) Find the exact volume of the solid formed when the region bounded by C and

L is rotated through 27 radians about the x-axis. [5]

8 Do not use a calculator in answering this question.

N4
(1+1)2 and w= 8

(1) (o)

The complex numbers z and w are given by z =

(i) Express z and w in polar form r(cos@+isin6’) , where >0 and -7 <0< 7.

Give r and @ in exact form. [4]

(i) Given that z°,w and w"are the roots of the equation x’ +bx* +cx+d =0 where b,
c and d are real values, find the equation. [3]

(iii) Sketch on an Argand diagram with origin O, the points P, O and R representing the
complex numbers z,w and z-+w respectively. [2]

(iv) By considering the quadrilateral OPRQ and the argument of z+w, deduce that

tan%=2+ﬁ. [3]
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9 (a) Vectors u and v are such that u.v=-1 and (uxv)+u is perpendicular to

(uxv)+v.
Show that |u X V| =1. [3]
Hence find the angle between u and v. [3]

(b) The figure shows a regular hexagon ABCDEF with O at the centre of the hexagon.

X is the midpoint of BC.
A B
X
E D
Given that O4=a and OB =b, find OF and OX in terms of a and b. [2]

Line segments AC and FX intersect at the point Y. Determine the ratio 4Y : YC.
[4]
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10 Mr Ng wants to hang a decoration on the vertical wall above his bookshelf. He needs a
ladder to climb up.

The rectangle ABCD is the side-view of the bookshelf and HK is the side-view of the
ladder where 4B =24 cm and BC =192 cm (see Figure 1). The ladder touches the wall
at H, the edge of the top of the bookshelf at B and the floor at K.

0
D C K
Figure 1
(i) Given that ZHKD = 6, show that the length , L cm of the ladder is given by

L= 24 + 1_92 . [1]

cos@ sinf
(i) Use differentiation to find the exact value of the shortest length of the ladder as &
varies. [4]

[You do not need to verify that this length of the ladder is the shortest. ]
Take L to be 270 for the rest of this question.

The ladder starts to slide such that H moves away from the wall and K moves towards £
(see Figure 2). The ladder maintains contact with the bookshelf at B.

4

A 4

Figure 2

The horizontal distances from the wall to A and from the wall to K are x cm and y cm
respectively.
(iii) By expressing y—x in terms of &, determine whether the rate of change of y is

greater than the rate of change of x. [3]
(iv)  Given that the rate of change of € is —0.1 rads™' when CK =160 cm , find the rate
of change of x at this instant. [5]
© TJC 2019 www.KiasufzxgoiPaper.com
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11  The daily food calories, L, taken in by a human body are partly used to fulfill the daily
requirements of the body. The daily requirements is proportional to the body mass, M kg,
with a constant of proportionality p. The rate of change in body mass is proportional to
the remaining calories.

It is given that the body mass, M kg, at time ¢ days satisfies the differential equation

dm

—=k(L-pM),
i (L—pM)

where k and L are constants.

John’s initial body mass is 100 kg. Find, in terms of p, the daily food calories needed to
keep his body mass constant at 100 kg. [1]

To lose weight, John decides to start on a diet where his daily food calorie intake is 75%
of the daily calories needed to keep his body mass constant at 100 kg.

(i) Show that M =75+25e"". [4]

(ii) John attained a body mass of 90 kg after 50 days on this diet. If it takes him » more
days to lose at least another 10 kg, find the smallest integer value of n.

[3]

(iii) John’s goal with this diet plan is to achieve a body mass of 70 kg. With the aid of
a graph, explain why he can never achieve his goal. (2]

2
(iv) By considering R comment on his rate of body mass loss as time passes. [2]
t
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The function f'is defined by

2
f:ix— al
2—x

(i) Find f'(x) and write down the domain of f™'.

It is given that

gix —,

I+e
(ii) Show that fg exists.

(iii) Find the range of fg.

Express as partial fractions.

r(r+1)

7

r=1

N r+l
(i) Hence use method of differences to find Z((lJ

(There is no need to express your answer as a single algebraic fraction.)

,xeR,0<x<2.

xelR, x>0.

J in terms of N.

[4]

[2]

[2]

[1]

[3]

r+l
. o (1 6r+7 . .
(ii) Give a reason why the series Z((—J A J converges, and write down its

7 r(r+1)

r=1

value.

N r+l
(iii) Use your answer in part (i) to ﬁndz (1] _6r+l3
7 (r + 1) (r + 2)

r=1
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A curve C with equation y =f(x) satisfies the equation
(¢ +2:42) Y 2
dx
and passes through the point (0,7).
(i) By further differentiation, find the Maclaurin expansion of f(x) in ascending
powers of x up to and including the term x°. [5]
(ii) Solve the differential equation (X +2x+ 2)% =2, given that y = 7 when x = 0,

leaving y in terms of x.

Hence show that

tan"' (x +1) = z+lx—lx2 +ix3
4 2 12

for small values of x. [4]

. . . > 1 I, 1 5 )

(iii) With the aid of a sketch, explain why J. —+—x——x"+—x dx gives a more
© 4 2 4 12

o 2 o 2 1 1,

accurate approximation of I tan”' (x+1) dx than J Z o —x——x" dx. [2]
0 o 4 2 4

The points 4, B, C and D have coordinates (1, 0, 3) , (—1, 0, 1) ,(1, 1, 3) and (1, k, O)
respectively, where & is a positive real number. The plane p, contains 4, B and C while

the plane p, contains 4, B and D.

NG

Given that p, makes an angle of %with P, , show that &k = - [5]

The point X lies on p, such that the vector XC is perpendicular to p, . Find XC. [5]

Hence find the exact area of the triangle 4AXC. [2]
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Section B: Probability and Statistics [60 marks]

S5  Anand, Beng, Charlie, Dayanah and 6 other people attend a banquet dinner, and are to sit
at a round table.

(@

(i)

Dayanah will only sit next to Anand, Beng or Charlie (and no one else), and Anand,
Beng and Charlie do not want to sit next to each other. Find the number of ways the
10 people can seat themselves around the table. [4]

As part of dinner entertainment, 4 people from the table are chosen to participate
in a game.

Among Anand, Beng and Charlie, if any one of them is chosen, the other two will
refuse to participate in the game. Furthermore, Dayanah refuses to participate unless
at least one of Anand, Beng or Charlie is also chosen.

Find the number of ways the 4 people can be chosen for the game. [3]

6 A bag contains four identical counters labelled with the digits 0, 1, 2, and 3. In a game,
Amira chooses one counter randomly from the bag and then tosses a fair coin. If the coin
shows a Head, her score in the game is the digit labelled on the counter chosen. If the
coin shows a Tail, her score in the game is the negative of the digit labelled on the counter
chosen. T denotes the score in a game.

@
(i)

Find the probability distribution of 7. [2]

Amira tosses the coin and it shows a Tail. Find the probability that 7< —1. [3]

(iii) Amira plays the game twice. Find the probability that the sum of her two scores is

© TJC 2019

positive. [3]

www.KiasufzggorPaper.com
751

NIDYVIA SIHL NI 3LIY4M LON Od



DO NOT WRITE IN THIS MARGIN

L

7 It is generally accepted that a person’s diet and cardiorespiratory fitness affects his
cholesterol levels. The results of a study on the relationship between the cholesterol
levels, C mmol/L, and cardiorespiratory fitness, F, measured in suitable units, on 8
individuals with similar diets are given in the following table.

Cardiorespiratory Fitness (F units) | 55.0 | 50.7 | 45.3 | 40.2 | 34.7 | 31.9 | 27.9 | 26.0
Cholesterol (C mmol/L) 4.70 | 498 | 5.30 | 5.64 | 6.04 | 6.30 | 6.99 | 6.79
(i) Draw a scatter diagram of these data. Suppose that the relationship between /" and
Cis modelled by an equation of the form In C = aF + b, where a and b are constants.
Use your diagram to explain whether a is positive or negative. [4]
(ii) Find the product moment correlation coefficient between In C and F, and the
constants @ and b for the model in part (i). [3]
(iii) Bronz is a fitness instructor. His cardiorespiratory fitness is 52.0 units. Estimate
Bronz’s cholesterol level using the model in (i) and the values of @ and b in part (ii).
Comment on the reliability of the estimate. [2]
(iv) Bronz then had a medical checkup and found his actual cholesterol level to be
6.2 mmol/L. Assuming his cholesterol level is measured accurately, explain why
there is a great difference between Bronz’s cholesterol level and the estimated value
in (iii). [1]
© TJC 2019 www.KiasufzggorPaper.com
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A research laboratory uses a data probe to collect data for its experiments. There is a
probability of 0.04 that the probe will give an incorrect reading. In a particular experiment,
the probe is used to take 80 readings, and X denotes the number of times the probe gives
an incorrect reading.

(i) State, in context, two assumptions necessary for X to be well modelled by a
binomial distribution. [2]

(ii) Find the probability that between 5 and 10 (inclusive) incorrect readings are
obtained in the experiment. [3]

When the probe gives an incorrect reading, it will give a reading that is 5% greater than
the actual value.

(iii) Suppose the 80 readings are multiplied together to obtain a Calculated Value. Find
the probability that the Calculated Value is at least 50% more than the product of
the 80 actual values. [5]

A Wheel Set refers to a set of wheel rim and tyre. The three types of wheel sets are the
Clincher Bike Wheel Set, Tubular Bike Wheel Set and Mountain Bike Wheel Set.

The weight of a rim of a Clincher Bike Wheel Set follows a normal distribution with
mean 1.5 kg and standard deviation 0.01 kg. The weight of its tyre follows a normal
distribution with mean 110 g and standard deviation 5 g.

(i) Let C be the total weight in grams of a randomly chosen Clincher Bike Wheel Set
in grams. Find P(C > 1620). [3]

(ii) State, in the context of the question, an assumption required in your calculation in

@@). [1]
Let T be the total weight in grams of a Tubular Bike Wheel Set, where T ~ N( 1, 157 )

(iii) The probability that the weight of a randomly chosen Clincher Bike Wheel Set
exceeds a randomly chosen Tubular Bike Wheel Set by more than 150 g is smaller
than 0.70351 correct to 5 decimal places. Find the range of values that # can take.

[5]
Let M be the total weight in grams of a randomly chosen Mountain Bike Wheel Set with
mean 1800 g and standard deviation 20 g.

(iv) Find the probability that the mean weight of 50 randomly chosen Mountain Bike
Wheel Sets is more than 1795 g. [3]
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10 (a)
(b)
© TJC 2019

Two random samples of different sample sizes of households in the town of Aimek
were taken to find out the mean number of computers per household there. The first
sample of 50 households gave the following results.

Number of computers 0 1 2 3 4
Number of households 5 12 18 10 5

The results of the second sample of 60 households were summarised as follows.

> y=118 Dy =314,

where y is the number of computers in a household.

(i) By combining the two samples, find unbiased estimates of the population
mean and variance of the number of computers per household in the town.

[4]

(ii) Describe what you understand by ‘population’ in the context of this question.

[1]

Past data has shown that the working hours of teachers in a city are normally
distributed with mean 48 hours per week. In a recent study, a large random sample
of n teachers in the city was surveyed and the number of working hours per week
was recorded. The sample mean was 46 hours and the sample variance was 131.1
hours?. A hypothesis test is carried out to determine whether the mean working
hours per week of teachers has been reduced.

(i) State appropriate hypotheses for the test. [1]
The calculated value of the test statistic is z=—1.78133 correct to 5 decimal places.
(ii) Deduce the conclusion of the test at the 2.5 % level of significance. [2]
(iii) Find the value of n. [3]

(iv) Inanother test, using the same sample, there is significant evidence at the a%
level that there is a change in the mean working hours per week of teachers in
that city. Find the smallest possible integral value of « . [2]
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1 The diagram below shows a shape which is symmetrical about the x- and y-axes. The
shape is made up of four curves, 4, B, C and D.

Ya

\ 4

The curve 4 has equation \/;+\/;:1 for 0<x<1 and 0L y<1.
(i) State the equations and the range of values of x and y for curves B and C. [3]
(ii) The curves 4 and B are scaled by a factor % parallel to the x-axis and the curves C

and D are scaled by a factor 2 parallel to the y-axis. Sketch the resulting shape.  [2]

Solution:
(i) B is the reflection of 4 in the y-axis. A common mistake is the re-writing of
So replace x with —x: the equation

Equation of B: \/;‘F\/;:l s y=(1—\/;)2.
J=x+p)=1, -1<x<0,0<y<I1 Note that

C'is the reﬂect%on of B in the x-axis. y= (1 _ \/;)2 — 1-Jx= i\/;

So replace(p)with S% which is the equation of 2 curves

Equation of C:
1_\/7= and 1—\/7:— .
J=x+JED)=1, -1<x<0, -1<y<0 Jy Ne

(ii) Curves 4 and B scaled by a factor +

A parallel to the x-axis:
Multiply 1 to the x-coordinate with

y-coordinate invariant.

Curves C and D scaled by a factor 2
parallel to the y-axis:

Multiply 2 to the y-coordinate with
x-coordinate invariant.

Note that the symmetry (stated in

question) must be clearly seen.

© TJC 2019 9758/01
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a 1 -2 1
2 The position vectors of 4, B, C and D are | 1 |,|-2|,| 3 | and | S | respectively,
5 1 1 7

where a and S are real numbers. Given that BD is a perpendicular bisector of AC, find

the values of a and .

[5]

Solution:
1 1 0 B Many students still do not use
BD=| B |-| =2 |=| B+2 appropriate notations for vectors
solutions.
7oA ° t———+
N (a -4 X C | Common mis-interpretations of
AC=1 3 |- 11=] 2 question:
1 5 4 1) BX:XD=#1:1(BD bisects
BD is a perpendicular bisector of AC AC; AC does not bisect BD.)
— BD-AC =0 D 2) Neither B nor D is the
0 5 midpoint of AC. (Do not
e assume what is not given in
= | p+2]] 2 |[=0 .
the question.)
6 —4 B
= 2(B+2)-24=0 ) L
A L1} (
= 28=20 = p=10 P
Let X be the midpoint of AC.
a -2
|+ 3 o
— o4+oc \5) |1 :
OX — 04+0C _ 5
2 2
3
1 0
Line BD: r=|-2 |+ 4|12 Common mistake:
1 6 1 0
e2) (] 0 AX =| 2|+ 4|12
X lies on line BD: 2 |=|2|+4|12 1 6
3 | 1 6 This shows poor understanding of
1= the equation of a line.
The r represents the position
vector of a point on the line and
not a “direction vector”.
©TJC 2019 9758/01
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Alternative solution
Let X be the midpoint of AC.

a) (-2
1 |+] 3

a=2

S 5 1 :

0:A+OC _| 5
2 2

Since BD is the perpendicular bisector of AC,
therefore B, X and D must be collinear.

a2 1 a4
. . 2 2
BX=0X-0OB={ 2 |-|2|=| 4
3 1 2
1 1 0
BD=0OD-O0B=| B |-| -2 |=| B+2
7 1 6
Since B, X and D are collinear,
BX = ABD
i 0
4 |=A| p+2
2 6

= a:4,l:§,ﬂ:10

KIASU=;

1atsapp Only 8 1
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3 The hyperbola C passes through the point (2, 0) and has oblique asymptotes y =—-2x and

y=2x.
(i) Sketch C, showing the relevant features of the curve. [2]
(ii) Write down the equation of C. [1]

(iii) By adding a suitable curve to your sketch in part (i), solve the inequality

1/"72—1<\/x—1. [3]

Solution:

)

2 2

(ii) The hyperbola is of the form ;—2 e =1

Oblique asymptotes is y ==+ b?x =12

Most students got this part
correct. A small handful
lost marks due to
insufficient details, either
missing out the equation of
asymptotes or the x-
intercept.

A common error is to get b
to be 1.

Note that although b=1 will
lead to the curve passing

b o ped through (2,0),.the
2 asymptotes will not be
22 =2x.
Hence equation of hyperbola is % T =1 e
H&; “\\‘\ \“'\} 47 |L “ —_—
ExamPz ape / g
©TJC 2019 9758/01
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2 2 2 2
el VX 5 X X
i) —=—-1=>y" =16 ——1 |=>y=44,/—-1
W 6= 4 (4 j PTG
2
41/%—1<4\/x—1

Sketch y=4+/x-1

The 2 curves intersect at x = 4.

2

Hence for x?—l <dx-1,2<x<4

Students are lacking in
details in their solution for
this part. Equation of the
suitable curve and details of
the curve (such as
intersection points) must be
clearly indicated.

KIASU=;

ExamPaper ¢

1atsapp Only 8 1
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X

4  Acurve C has equation y =

, X # k, where k is a positive real number.

Show algebraically that C has exactly one stationary point, and show that the stationary

point lies in the first quadrant.

[3]

X

_ €
y_x—k
dy (x—k)e'—-e" (x—k-1)e"
& =k} (k)

When d—y=0,x=k+1.
dx

Since there is only one real solution for % =0,

there is exactly one stationary point. (Shown)

Since k>0, x=k+1>0

k+1
€
ek+l > O

d = =
A T

the turning point (k +1, e"”) lies in the first

quadrant. (Shown)

Most students are able to find % and

explain why there is only one
solution. However, quite a handful of
students failed to explain fully why it
lies in the 1* quadrant. Many only
indicated that the x-coordinate is +ve.
Students need to know that for 1
quad, besides x-coordinates being
positive, the y-coordinate must also
be positive.
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Sketch C for x > £k, indicating clearly the equation of the asymptote and the coordinates
of the stationary point. [2]

Most students were able to

sketch the curve correctly. Still,
a handful lost marks due to
missing details such as
coordinates of stationary point

(bt and asymptote.

I
k+— kel
2

k+é x
e
Deduce that j g

k+l X—
2

1 3
dx < %(Sek 2 +ek Zj for all positive real values of k. 2]

The last part is badly
done. Students must get

>
<
I

the hint from the earlier
parts that the solution
involves area under the
( k1 et ) curve. In‘stead ‘of
approaching this part

> X using integration by

=
+
N | W-mmmmeee a2

. 1
x=k k+5 parts, students should

approach it by searching

3
1 3 7 "
Area under the curve from & + 5 to k+— = J‘ 12 p dx for an area of a known
k+— X —
2

geometrical shape to
TR make comparsion with
the area under the curve.
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S5  In geometric optics, the paraxial approximation is a small-angle approximation used in
Gaussian optics and ray tracing of light through an optical system such as a lens.

In the diagram below, a light ray parallel to the horizontal axis is reflected at point B on
the circular lens centred at point C and has radius » cm. Let Z/BCF =@ radians . FM
is the perpendicular bisector of CB.

Light ray B
M
o)
\\
Horizontal axis 0
C F
Part of the
circular lens
(i) Show that CF = ! , Where k is a real constant to be determined. [1]
kcos@
cosf — CM ~ CF- M r It is surprising that a small
CF cosd 2cost number of students could

not get this part.

(ii) Hence find the series expansion for CF if @ is sufficiently small for @° and terms

in higher powers of 6 to be neglected. [2]
(ii) Since @ is sufficiently small for powers of € higher than
63 to be neglected’ A majority of students did
” not know that “series
CF = ke cos O expansion” refers to a

polynomial expression, and
did not proceed beyond the
first step.
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10

Suppose that the source of the light ray is now repositioned such that

/BCF = («9 + %) radians .

(iii) Find the corresponding series expansion for CF, up to and including the term in

0°. [4]

r
(iii) CF = ) Similarly, a large number of
2cos(9+j students did not remember
that while @ is sufficiently

CF = r small, (0+£j is not, and
T ) (7 6
2| cos(@)cos| = |—sin()sin| ~
6 6 the formula from MF26
; cannot be applied directly.
CF =
3 1
2[cos(¢9)2—sm(9)j
CF ~ " ;
S N3O Ly,
2 2 2

r 1 5
CFr~—=|1+—=0+=0"+...
3 ( V36 j
Overall this question was poorly done, mainly because of poor knowledge of a very early
(and relatively easy) JC1 topic. Students are apparently not revising early topics effectively.
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6  Anarithmetic sequence has first term @ and common difference d, where a and d are non-
zero. The ninth, tenth and thirteenth terms of the arithmetic sequence are the first three
terms of a geometric sequence.

(i) Showthat a=-14d. [3]
(ii) The sum of the first n terms of the arithmetic sequence is denoted by S, . Find the

value of S, . [2]

(iii) Given that the & term of the arithmetic sequence is the fourth term of the geometric
sequence, find the value of £. [3]

Solution:

(i) Letu,=a+(n—1)d denote the arithmetic sequence. | Overall this question was well
u,=a+8d, u,=a+9d, u,=a+12d attempted.

Since these terms are the first three terms of a
geometric sequence,

a+9d a+12d
a+8d:a+9d
= (a+9d) =(a+8d)(a+12d)
= a’+18ad +81d*> = a’ + 20ad +96d>
= 2ad =-15d"

While most students were able
to obtain the required
expression, many failed to

g _% d since d is non-zero justify the rejection of d = 0.

. 16
(i) Si = ?[261 +(16-1)d] A surprising number of
= 8[=15d +15d] students thought that

&§x0=8...
=0

(i)  Common ratio of GP: While many students obtained

15 the correct answer, most
a+9d o R 3 methods were extremely long,
= = = .
a+8d 15 J+84d mainly because a was not
2 expressed in terms of d
Fourth term of GP = (a +84)r” immediately.
. _1_564 +8d4 |3 = Zd Some students also confused
» |, 2 the first terms of the AP and

the GP, thinking they are the
8660031 same term.
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7 A curve C has parametric equations
2
X = t2 ,

y=te , for t>0.

(i) Find the equation of the tangent to C at the point P with coordinates ( pz, pe? : ),

where p#0. Hence, or otherwise, find the exact equation of the tangent L to C

which passes through the origin.

[3]

i x= = & o
dr
2 2 2 2
y=te' = %:e’ +21%" =e' (1+21%)

dy e (+2/)
dx 2t
> dy e’ (1+2p%)
Att=p: x=p*>, y=pe¥, =—=—7-"271
P P, y=p i 2

Equation of tangent is

el (1+2pY)
el _
yopet =—— (x-1°)
P 2 r 2 ,
y=e (1+2p )x_e 1+2p )p+pep
2p 2

Tangent passes through (0, 0):

P 2 )
ozo_w_,_pep

p(l—%—pzjﬂ
p—Lorp——L (reject as p > 0)
2 V2 -

or p =0 (reject as tangent is not parallel to y-axis)

Equation of tangent passing through origin:
1

e2(1+2[1)

D

A few students were not able to
perform Product Rule
correctly.

Quite a number of students did
not let # = p for the gradient or
for the coordinates. This
reflects a lack of understanding
of each value of ¢ represents a
point on the curve.

Otherwise, finding the equation
of tangent was well done in
general.

Many students substitute x =0
and y =0 in the parametric
equation instead of the
equation of tangent to get ¢.

Many students were also not
able to get all the values of p,

. 1
mostly forgetting p = iﬁ .
Since it is given that the
tangent passes through the
origin, students are expected to
simplify to show that it is so.

y=—2(%)
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2
x=t2, y=te’ 5

(ii) (a) Find the cartesian equation of C.

for 1>0.

[1]

x=t2 = t=+x (since £ > 0)

=Jxe*

—te

This part was well done in
general, although many
inefficient methods were
adopted.

(b) Find the exact volume of the solid formed when the region bounded by C and

L is rotated through 27 radians about the x-axis.

[3]

(ii)(b)

At t:L:

V2
1
1 1 5
x:—, = —ez
oz

Volume of solid formed

v

= ﬂijezx dr-"e
12
1
2x |2 1 2x
= 7|« —J.2e e
2 o 0 2 12

I
3

T T .3
= ———¢ units
4

‘ F 4

More than half the students left this part
blank.

Many students did not realise that the
intersection of the two curves is already
found in (i).

Students should use Zoombox to
visualise the region bounded by the two
curves.

Many students also “subtracted” the
two volumes wrongly. Almost all
students who made this mistake did not
sketch a graph.

Many students who tried to use the
volume of cone formula got the formula
wrong.

Very common algebraic error:
(\/;ex)z — erx
Not (\/_ e ) = xe*

Many algebraic errors arose while
performing by parts also.

General Comments '

In (i) Some students approached by changing the parametric equations to Cartesian
equation. Unless guided to do so (just like in (ii)), this is usually not required, especially
since anot all parametric equation can be easily converted to Cartesian equation.

In (iii), students should refrain from leaving such technical questions totally blank.

© TJC 2019 9758/01

www.KiasuExamPaper.com

768




14

An attempt to find the volumes generated by the region bounded by the two curves
separately will get some marks.

An attempt to take the volume of the bigger solid to subtract the volume of the smaller
solid will get some marks also.
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8 Do not use a calculator in answering this question.

1+1)

(1-1)

The complex numbers z and w are given by z =

4

~and w=

8 .
)

(i) Express z and w in polar form r(cosH+isin6’) , where >0 and -7 <0<r.

Give r and @ in exact form.

[4]

(ii) Given that z°,w and w"are the roots of the equation x’ +bx* +cx+d =0 where b,

¢ and d are real values, find the equation.

[3]

(iii) Sketch on an Argand diagram with origin O, the points P, Q and R representing the

complex numbers z,w and z+w respectively.

(2]

(iv) By considering the quadrilateral OPRQ and the argument of z+w, deduce that

Sx
tan—:2+\/§ .
12

Solution:

[3]

argz =4arg(1+i)—2arg(1—i)

)

e Inefficient method:
simplify z and w by
expansion to find its
modulus and
argument.

e Be reminded that GC is not
allowed, hence all
expansions like

(1-i),(1+1)",(1+i)’,
(\/g +i)2 must be clearly

shown with workings.
e Answer must be in this

form, r(cos@+isind).

Do not simply to

e There are still quite a
handful in each class who
failed to find the argument
and modulus correctly.

(i) z* :(2005[—gj+isin(—%jj _ (—2i)2 _ 4

Since z2,w and w" are the roots of the equation

¢ Students do not see the link
between polar form and
cartesian form of a
complex number. Some

© TJC 2019 9758/01

www.KiasuExamPaper.com
770



16

An equation is (x—zz)(x—w)(x—w*) =0

Sum of roots product of roots

b)) -0

—(W+W )X+WW

= (x —(—4))(x2

= (x+4)[x2 —2[2005(—§Dx+|w|2] -0

= (x+4)(x* -2x+4)=0

X =2x* +4x+4x* —8x+16=0
X +2x—4x+16=0

OR w:2[cos(—%j+isin(—%j):2(%—ig):1—i 3

Hence w*=1+i\/3
An equation is (x—z*)(x—w)(x—w")
-1 (15
(x+4)((x=1)+iV3)((x~1)-ix3) =0
(x+4)((x=1)"+3)=0
(x+4)(x* —2x+4)=0

X =2x*+4x+4x* —8x+16=0
X 4+2x7—4x+16=0

%

went to simplify z*,w and

w’ from the original
expressions instead of
converting the polar form
obtained in part (i) to get
the cartesian form.

Many failed to realise that
roots of the equation are
given and thus one just
need to get the 3 factors
and expand to find the
equation. A handful went
to sub in the roots and
attempt to form equations
to solve for b, ¢ and d.
Many did not answer the
question. They simply
leave their answer as
SERIERARRG) which is
an expression but not an
equation. Some thought
that the question is asking
for the values of b, ¢ and d.

iii
(iii) m
A

lo) Re

Wiy

y Ry
[&;‘ “\“\i}ﬁ\\gﬂ
] -

Exar n SJQi /g

Islandwide ive pp Only BREE0031

e This is badly done. The

points P, Q and R are

often drawn with no

relation to the complex

numbers found in (i).

Points to take note:

- |d==2 = or
and OQ must have the
same length.

- arg(w) = £ and hence
angle from real axis to
OQ must look like
60" . Some angles
drawn are less than
60" .

- OR=0P+ O—Q and
hence by vector
addition, OR is the

diagonal of thombus
OPRQ.
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e Students are reminded

that they have to draw the
diagram accurately.

@iv)
1 T\ 7w
OPRQ forms a thombus where ZQOR = 5(7[ - Ej =5
T T St
Hence arg(z+w)=—-———=——
g(z+w) 3 12 12

And

el ghon{ el Sl 5]
= —2i+2(1—£ij
2 2
—(2+«/§)i

oy

1

Hence tan 7
12

Y4
Stan| — |[=2+4/3
(12} V3

e This part was badly done.
e NOTE that:

e Students failed to explain

clearly why

arg(z+w)=— 5z
12

Many students state that

arg(z+w):%

but they should realise
that from their diagram,
z + w lies in the 4"
quadrant and hence its
argument should be
negative.

Generally, students are still quite weak in their basic foundation for complex numbers.
They failed to find modulus and argument correctly at this stage and are not able to convert
from one form to another. They struggle with the algebraic manipulations and are not able
to interpret the geometrical representation of complex numbers well.
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9 (a) Vectors u and v are such that u.v=-1 and (uxv)+u is perpendicular to
(uxv)+v.
Show that |u X V| =1.
Hence find the angle between u and v.
(b) The figure shows a regular hexagon ABCDEF with O at the centre of the hexagon.
X is the midpoint of BC.
A
F\/v ‘
E D
Given that OA=2a and OB=b , find OF and OX in terms of a and b.
Line segments AC and FX intersect at the point Y. Determine the ratio 4Y : YC.
Solution:

18

[3]
[3]

(2]

[4]

This question is generally poorly attempted, with most students obtaining less than half the
total score. The main challenge stems from the basic understanding of vector concepts and
geometry.

(a) Since uxv+u is perpendicular to uxv+v, we have

(uxv)+u).(uxv)+v)=0

= (uxv).(uxv)+uxv).v+uxv)u+uv=0

= Juxv[ +0+0-1=0
since (uxv)Lv and (uxv)_Lu
= |uxv|=1 (shown)

Let Obe 1|th;_§"angl'_e betweén uandy)
u.v=-1-2"|uv|coso =~ —(1)

gt S @)

juxv| = o

Most were able to write out
(uxv)+u).(uxv)+v)=0
knowing that the vectors are
perpendicular to each other.
Subsequent expansion of the
scalar product proves
challenging for many, where
only a small handful were
able to write out sufficient
details to arrive at the
intended result.

Most seemed oblivious that

(2) u.v =-1 would imply that
o P tanfd=-1 = 6=135 the angle between the
vectors u and v is obtuse,
thus only 135° is valid.
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(b) OF =OA+ AF =a—b Most are familiar with the
N — 1 triangle law for vectors to
OX =0B+BX =b- P a obtain OF and OX , though

some face difficulty with the
Method 1 arithmetic.
Let AY:YC=A:1-A and FY . YX=u:1—u )
Almost all presented either
—_— = —_— = — of the 2 methods while
OY =40C+(1-1)04 = pOX +(1- u)OF solving for the ratio of
1 AY :YC , though it is worth
Ab-a)+(1-A)a=pu|b——a |+(1- -b ’
= Alb-a)+( Ja ,u( 2 a} (1= 4)(a=b) noting that simple geometry
1 based on regular polygons
= (A-pu+l-pb= (/1 —1+1—5ﬂ+1—ﬂja can also be applied to obtain
the result.
Since a and b are non-parallel, Students who attempted
A=2p+1=0 3 4 method 1 were generally
B 3 solving gives A==, u=-— more successful in obtaining
24— 5‘” =0 5 5 the ratio than those who
3 3 attempted method 2. Many
.'.AY:YC:g:1—§=3:2 who attempted method 2
had a misconception that
Method 2 OY can be found by
Line AC: r=a+A(b—2a), 1eR equating the vectors AC
) 3 and FX , thus losing all the
Line FX: r=a-b+x/ 2b 53 HE R credits for this part of the
When the lines intersect at Y, question.
a+A(b-2a)=a-b+u (2]) — gaj It is also of interest that
2 many attempted to find the
A-2u+1=0 3 4 ratio by dividing vectors on
3 solving gives A==, u=— both sides of their equations,
24~ > 1=0 5 5 resulting in an immediate
) 3 1 3 forfeit of the credits for this
OY:a+g(b—2a) :_§a+§b part of the question.
A7 =-8a:3p and ¥e=-2ai2p
5 5 5 5
AY :YC=3:2
©TJC 2019 9758/01
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10 Mr Ng wants to hang a decoration on the vertical wall above his bookshelf. He needs a
ladder to climb up.

The rectangle ABCD is the side-view of the bookshelf and HK is the side-view of the
ladder where 4B =24 cm and BC =192 cm (see Figure 1). The ladder touches the wall
at H, the edge of the top of the bookshelf at B and the floor at K.

H

A

0
D C K
Figure 1
(1) Given that ZHKD = 6, show that the length , L cm of the ladder is given by

I 24 N 1.92 . (1]

cos@ sinf
(11) Use differentiation to find the exact value of the shortest length of the ladder as &
varies. [4]

[You do not need to verify that this length of the ladder is the shortest.]
Take L to be 270 for the rest of this question.

The ladder starts to slide such that / moves away from the wall and K moves towards £
(see Figure 2). The ladder maintains contact with the bookshelf at B.

4

A 4

D C K E
Figure 2

The hOI‘lZO‘% & }@1 to H and from the wall to K are x cm and y cm
respectively, ap""
(i) By expressmg y—xin terms of 0, determine whether the rate of change of y is

greater than the rate of change of x. [3]
(iv)  Given that the rate of change of € is —0.1 rads™" when CK =160 cm , find the rate

of change of x at this instant. [5]
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[Solution]

The question was challenging for many students due to the context and the trigonometry

involved.

24 192
+

(i) L=HB+BK-= :
cos@ siné

—sin0) ~ 192(cos 6)
cos’ @ sin” @

. e (
(ii) @— 24

OR by
rewriting L =24secd+192cosect,

% =24secBtan @ —192coseclcot &

When L is shortest,

dL 24sin@ 192cosfd
—=0= 2, 2
do cos~ @ sin” @
=tan’0=8

~.tan@ =2 (since @ is acute)

1.€e. sinf = i cosf =

50

Shortest length of the ladder

KIASU=;

(i) y- x—%WéBaper J

Islandwida Delivery

= 24(?} + 192(%} =120+/5 cm.

[B1] Formulate an expression for y X 1n terms of @

Most students were able to
write out sufficient workings.

Poorly attempted due to poor
differentiation techniques.
Common errors:

li( ! jzcoszﬁ
dé\ cos@

i( _1 j=sin2<9
dé\ sind

Students did not apply chain
rule.

2_d( 1 j !
do\sind) f1-p*

Students thought that

; =sin"' @
sin @

A number of students also
made algebraic slips while
solving the equation % =0-
Part (i1) responses were
varied, many students
understood the that they need
to find the first derivative and
set to zero to solve for value
of 8 when L is shortest, but
did not realise that they
should leave their answer
exactly in terms of tan € and
work out the exact values of
sin@ and cos@

Many students were able to
follow instruction to express
y—x in terms of & correctly
and went on to differentiate
the expression. However
most of them were not able to
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dy_dr_ oo od de

i,
dr dt

arrive at the expression
involvingd_y’%. Some
dr  dr

students attempted to multiply
49 throughout but failed to

dr
realise that 4¢ <0.

dt

(iv)  y—x=270cosd = x=y—270cosd Students need clarity in

Since =244 192 2700080 planning the solution for this
Many of them did not realise
that

(;—d);=—t1922056c20+27Osin9=270sin¢9— .19229 and wrote

an SO —244160=184, which was a
serious error arising from
192 6 poor interpretation. They did
When CK =160 , tan@ = @ =— not understand that rate of
6 3 change of x, y varies as ¢
ie. sinfd=—— varies.
Je1
dr_dr do
de dé dr
192
= 270( 6 j— 2 - ><(—0.1) ~11.791
J61 ( 6 j
Je1
Rate of change of x is 11.8cms™" .
ExamPaper J
Islandwide Delivery | Whatsapp Only 88660031
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[Solution]

24 192
+

(>i) L=HB+BK = -
cos@ siné

(—sin®) ~ 192(cos8)
cos® 0 sin’ @

dL
ii —=-24
(ii) a0

OR by
rewriting L =24secd+192cosect,

% =24sec@tan @ —192coseclcot @

When L is shortest,

dL 24sin@ 192cosé
—=0= 2, 2
do cos” @ sin” @
—=tan’ 0 =8

~.tan@ =2 (since @ is acute)
2 1
V5 V5
Shortest length of the ladder

= 24[?} + 192(?] =1204/5 cm.

(iii) y—-x=270cosd
[B1] Formulate an expression for y —x in terms of &

1.e. sin@ = ,cosf =

[B1]

& &
At dr e~ de

>01e —>—

KIASU=;
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(iv) y—-x=270cosf@=x=y—-270cosé

Since -, x=24+ 2 —270cos @
tan @

Most students were able to
write out sufficient workings.

Poorly attempted due to poor
differentiation techniques.
Common errors:

31( ! j=cos"26’
dé\ cosb

i[ .1 jzsin‘zﬁ

dé\sind

Students did not apply chain
rule.

4, i( ! j !
do\sind) 1-6*
Students thought that
# =sin'@
sin@

A number of students also

made algebraic slips while

solving the equation £ _ .
de

Many students were able to
follow instruction to express
y—x interms ¢ correctly and

went on to differentiate the
expression. However most of
them were not able to arrive
at the expression involving
d_y,@. Some students
dr  dr
attempted to multiply 49

dt
throughout but failed to

do

realise that =2 .
dr

Students need clarity in
planning the solution for this
part.
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dx 192 192 | Many of them did not realise

_ 2 . _ . _
_dH Ry sec” @+270sin@ =270sin @ g | that
and wrote

y=24+160=184, which was a

192 6 serious error arising from
When CK =160, I ] poor interpretation. They did

160 5
6 not understand that rate of
Le. sinf=—— change of x, y varies as ¢
& de 106_1 varies.
—_—= =
dt d@ dr

= 270( 6 )—( 2 x(-0.1)=11.791

Jer) (6 Y
)

Rate of change of x is 11.8cms™' .

11  The daily food calories, L, taken in by a human body are partly used to fulfill the daily
requirements of the body. The daily requirements is proportional to the body mass, M kg,
with a constant of proportionality p. The rate of change in body mass is proportional to
the remaining calories.

It is given that the body mass, M kg, at time ¢ days satisfies the differential equation

dMm

M k(- M),
i (L—pM)

where k and L are constants.

John’s initial body mass is 100 kg. Find, in terms of p, the daily food calories needed to
keep his body mass constant at 100 kg. [1]

To lose weight, John decides to start on a diet where his daily food calorie intake is 75%
of the daily calories needed to keep his body mass constant at 100 kg.

(i) Show that M =75+25¢e %", [4]

(ii) John attained a body mass of 90 kg after 50 days on this diet. If it takes him » more
daysW ”W % Est_t:a;_ 10 kg, find the smallest integer value of n.

5

ExamPaper J b]
(iii) John’s"goal“with'this diet’plan’is to achieve a body mass of 70 kg. With the aid of
a graph, explain why he can never achieve his goal. [2]

2
(iv) By considering

-, comment on his rate of body mass loss as time passes. [2]
t
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General Comments

Question generally not well attempted. Many students were unable to
(i) interpret the question fully / correctly
(ii) solve the D.E. correctly

(iii) provide qualitative explanations as required in parts (iii) & (iv).

It is given that the body mass, M kg, at time ¢ days satisfies the differential equation

M
WM (L= M),
o~ (L-pM)

where and L are constants.

John’s initial body mass is 100 kg (i.c. 7 = 0, M = 0). Find, in terms of p, the
daily food calories (i.c. find L) needed to keep his body mass constant at 100 kg

(i.e. M =100, %:O). [1]

Solution :

Generally well attempted.
Mass constant at 100kg

= When M =100, %=0

A few students could not deduce

that % =0.
dt

= k(L -p( 00)) =0 If calories L =100p, then M
= L=100p will remain constant at 100kg.

To lose weight, John decides to start on a diet where his daily food calorie intake is 75%

(i) Show that M =75+25e"". [4]

Solution :
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(i) L is reduced to 75% of above.

M is NOT constant at 100kg
anymore as calories L has
reduced. M is now a variable.

dM X

— =k(L-pM

& (L-pM)

1

dM =k dt

= |z M=H
= —lj P dM = k[ dr

p° L-pM
= In|L-pM |=-phkt+c
=  L—pM =+e PRFe
= L-pM=Ae P | where 4=+¢

Given: When r=0, M =100
L—p(100)=4

Thus, L-pM =(L-100p)e PX

Sub L=0.75(100p)=75p:
75p—pM =(75p-100p)e
75— M =-25¢PK

— pkt

Integration mistakes

¢ Did not recognize
J-f '(x)
f(x)
or applied formula incorrectly

e Forgot f '(x)

dx=In| f(x)[+C

e Forgot modulus | |
e Forgot * +C ’ which is crucial
¢ Do not know how to manipulate

modulus e.g. forgot £

¢ Could not interpret from
question that t =0, M =100

e Could not interpret from gn that
L=0.75100p)=75p

=

= M =75+25¢"P"  (shown)
ExamPaper /” __
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(ii) John attained a body mass of 90 kg after 50 days on this diet. If it takes him » more
days to lose at least another 10 kg, find the smallest integer value of n.

Solution :

[5]

(i) M=75+25¢P%
Given: When =50, M =90
90 = 75+ 25¢ 0Pk

oS0k 15 3
25 5

= S50pk= ln(%)

1 3
k= —1In| 2
T (5)
o)
t—In| =
Hence M =75+25¢ 50 \5/,

To lose at least another 10 kg:

o)
t—In| =
75+25e 50 \5/ <80

1 3
t—ln(fj 5
= e \S/<c =
25
= a2l
50 \S 5
In(L
= r> (52 ~157.53
soin(3)

Thus, smallest integer n is 158 —50 =108 .

Good - Students successfully
attempted this part even if earlier
part was unsuccessful.

Students should pay attention to

to avoid common algebraic errors

° e—kaO ” e—pk 650

¢ Did not solve for pk even
though it was obvious that the
value of pk was needed later on.

¢ Most students did not formulate
an inequality which would have
helped to identify the “smallest
integer n”.
Instead they merely solved an
equation and rounded off to 158
for ¢ (108 for n).

e Quite a number did not note that
qn was “n more days” and gave
¢ (158) as the answer instead of
n (i.e. t—50=108).
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(iii) John’s goal with this diet plan is to achieve a body mass of 70 kg. With the aid of

a graph, explain why he can never achieve his goal.

Solution :

[2]

onl3)
t—In| =
(i) M =75+25¢30 \5

M

A

100 _x
75

From the graph, it can be seen that John’s body mass

decreases with time but will never go below 75 kg for all ¢.

Thus, he will never achieve his goal of 70kg.

Students must use a graph as it is
required by question.

Graphs must include key features

e M-intercept at M =100

e Graph must approach (not
touch) the M=75 asymptote

e Axes are M-axis / t-axis and not
y-axis / x-axis

e Authentic context: no negative ¢

e Poorly worded explanations.
Note also we are not just
interested in the long run (#—o0)
but M > 75 for all ¢.

© TJC 2019
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Solution :

ol3)
t—In| =
(iv) M =75+25¢ 30 \5

tiln(é)
dM—l]n(éje 50 \5

a2 s

M 1

|: 3 2 tLln(g)

- = ln(—j e 0 \5

dr?2 100 5

= .(negative) - (become less negative) as ¢

increases.
John’s - ‘% as time passes.
dr
Alternative
dm
—=k(L-pM
& (L-pM)
d2M L 3 dM
s ¥ kp— -

_ v 0

= rry (negatlve) increases (become less negative) as ¢
t

increases.

John’s rate of body mass loss ?

decreases as time passes.

Very poorly attempted question.
2

e Few students found —
dt

successfully.
Some forgot that k & L are
constants. Some differentiated
with respect to M instead of .

e Few students linked the sign of

2
to rate of mass loss

dr?

dmM
(‘ de )

e Note the difference between

dMm
rate of mass change ' Vs.
¢

rate of mass loss |[—

e Many differentiated %Wiﬂ’l

respect to M instead of #:
dm

—=k(L-pM
5 = K(L-pM)
2
dr
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Section A: Pure Mathematics [40 marks]

1 The function f'is defined by

2

f:x—
2—x

(i) Find f~'(x) and write down the domain of .

It is given that

gix -
1+e™

(ii) Show that fg exists.
(iii) Find the range of fg.

,xeR, 0<x<2.

(4]

(2]
[2]

13 2
® Let y= i
2—x

2y—xy=x" = x +xy-2y=0
—y+4y* +8
Then x:M

2
Alternatively,

2y—xy=x" = X +xy-2y=0

2
2 2
:>(x+§j :yT+2y
2
—Sxt+l=t yT+2y
2
S x+L=1 yT+2y
Lo TrENY 48y
2

Since 0<x<2, x=—"————=

KIASU=
iixra/m_aE_yper 7

atsapp Only 88660031

£ =
D, =R, 0.9

Many students are uncertain
how to make x the subject.
Note that this can be done by
either using the quadratic
formula or completing square.

Students must note that it is
essential to explain why

2

—y—4/y*+8

xX= % is rejected.
Some students did not provide
the final answer. While they
able to obtain

_ Y 8y
2

to write down the expression
for £~'(x) and D, toanswer

, they fail

the question completely.

1Gi) | R, =1,
D, =[0,2)

It is necessary to write down
the R and Dy to answer this
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1(iii)

Since R, < Dy, the function fg exists.

part of the question. Simply
stating R, < Dy is insufficient.

MORMAL FLOAT AUTO REAL RADIAN HP D

Many students did not indicate
that f'is an increasing function.

Simply writing R, = [%,1)
leading to R, =[%,l) is

insufficient to obtain the full

x=2 credit.
Observe that y = f(x) is a strictly increasing function; so we
only need to find f (%) = % and f(1)=1.
ng = [%71)
2 Express Or+7 as partial fractions. [1]
r (r + 1)
. . OO 6r47 ). :
(i) Hence use method of differences to find Z 7 ( 1) in terms of N. (There is no need
p— r(r+
to express your answer as a single algebraic fraction.) [3]
o r+l
(i) Give areason why the series Z([%) 6(r hl Z) converges, and write down its value.  [2]
o r(r+
YOO 613
(iii) Use your answer in part (i) to ﬁndz (—j —_ . [3]
purd AN/ (r+1)(r+2)

6r+7 17 1

r(r+1) r_r+1

Most students got
this right.
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A common error here is

i (1]”‘ 6r+7 ZN: (1}”1(7 1 j ;
= = - - Xpr
=\\7 r(r+1) =\7 r r+l 0P esrs;l
(O
([T 27
pory r r+l as
77! 77 LY (7
-k 3
1 2 ,Z::‘ 7 ,Z::‘ r o r+l
N ﬁ B 7__3 . Students must take
2 3 note that
-3 4 N )
n 1 Z(f(r)-g(r)) is not
3 4 r=l
4. equal to
N N
P 2. f(r)-2g(r).
N _1 N r=l1 r=1
77N 77N71
TR )
N N+1
R S
1 N+1 7 7TV(N+1)
(i) NE
ASN — o, (7j — 0, N —0 Students must know that
* the highlighted
77V Y statement is the reason
Henceas N —» wo, =|— -0 .
N+1 |7 N+1 why the series
. ol converges, and therefore
Then Z (lj or+7 |1 ) must be clearly written
S \7) r(r+1)) 7 down in your answer.
- ( 1 )’” 6r+7 : 1
Z — converges and it converges to — .
I \7 r (r + 1) 7
(iii | Method 1
) Many students are

54 o)

Ex mPaper

Islandwide Delivery | Whatsapp Only 88660031

DEAES Oy
Y

aware that they must
replace » by —1 in
Method 1 or replace r
by r+1 in Method 2.
However, the plan is
poorly executed with
many making errors in
its replacement. Some
who have correctly
replaced the 7, are
unsure how to proceed
from there.
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6r+7

( )(r+1)

J Or=

7N1
14 N+2

o
14 7VT(N+2)

N

2

r=1

.t
7 7VN(N+1)

N

LN
7 7V?(N+2)

e

Term when =0

0

r

36

6r+13
r+1)(r+2)

1

7

13

2

Il RN
7 7V?(N+2)

r=

From (1),
6r+7 _ 1 1
- _
&Y 1)“‘””‘ 6(r+1)+7
(
2 rel)(r+2)) 7 7(N+1)
7) (r+1)(r+2)

)

o

{(ljr+lr(r+1) 7 7V(N+1)
2 ((_ r+1)((r+1)+1)
(5] 7
Replace N'by N+1, we have
7
OF

Method 2:

1 1
Replace r by r+1, we have
r+l=1 7 J -
—( (1 or+13 1 1

7

[ 1 )”2 6r+13
r+l

r=

r+l r+2)

6r+13

r+1)(r+2)

wom) |

6r+13

)

7 7V (N+2)

.
98 7V (N +2)

|

1

1

T14 7N +2)
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6

3 A curve C with equation y = f(x) satisfies the equation

(@ +2x+2) P =
dx
and passes through the point (0,7).

(i) By further differentiation, find the Maclaurin expansion of f(x) in ascending powers of x up to
and including the term x’. [5]

(i) Solve the differential equation (x> + 2x + 2)% =2, given that y = 7 when x = 0, leaving y in

terms of x.
Hence show that

tan"' (x +1) z£+lx—lx2 +ix3
4 2 4 12
for small values of x. [4]
(iii) With the aid of a sketch, explain why J.: %-{-%X—ixz +%x3 dx gives a more accurate
approximation of _[2 tan”' (x+1) dx than .[2 LA [2]
0 04 2 4

3(i) Question was very well done.
Only a handful of students
Differentiating Wrt X, d 2

expressed &
dx

: dy
i (¥*+2x+2)=2 =2
(i) X+ 2x+2)

X’ +2x+2
and performed direct

(x +2x+2

Differentiating wrt X, differentiation.

3 2 P
(52 +2x+2)jx—f+(2x+2)jx—f+(2x+2)jx_f+2%:0
d Many students integrate the
4

3 2
= (X2+2x+2)%+(4x+4)d_);+2dx

=0 expression to find y, which is
the question for (ii). This is an

When x=0, y=7 since curve passes through (0,7). indicator that they do not

& -9 = dy -1 know what the question is
dx dx asking for.
d’y d*y
2— +2)=0 = —=-
dx dx
S @
ExamPaper

Thus the Mlaclaurmuexpaﬁmmms&aw 031

1
y=1f(x)= 7r+x—2—!x +§x +.

. 1 1
ie., y=f(x)=7r+x—5x2 +gx3 +...
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) | , dy Apart from algebraic errors,
i) (s 2xe 2)3 =2 students were able to find the
1 particular solution.
= dy=2—— dx
-[ 4 j X +2x+2
— y=2 J‘ 12 Quite a number of students
(x+1) +1 forgot to “+C”, which
= y=2tan" (x+1)+c affected the rest of their
Sub x=0, y=7: z=2tan'(D+c answers.
T\ 7w
= c=7m— 2(2) =3 Most students were able to
see the relationship between
Thus, y=2tan"'(x +1) +% . their answers in (i) and (ii).
o T 1, 1,
= 2tan ' (x+ D+ ==z +x—=x"+—x" +...
2 2 6
1 1 1
= tan"'(x+1) =—(7r—z+x——x2 +—x +j
2 2 2 6
O 1 1 I, 1 5
= tan'(x+D)~—7+—x——x>+—x (Shown)
4 2 4 12
for small values of x
(iii)

. T 1 1 1 .
Since the curve y=—+—x——x"+—x’ is closer to

4 24
y=tan"' (x )wg upve )=
I UV-? 1 1 1

the area unEéfam&Bipﬁfrvg// St —x——x’+—x"dx,

Islandwide Delivery | Whatsapp Only BH&\\’)QIOC‘EA' 2 4 12

i lx—%x2 for 0<x<2,

2
will give a better approximation to IO tan”' (x+1) dx, the area
under the curve y=tan"'(x +1), than the area under the

quadratic curve, Lz %+ lx - lx2 dx .

2 4

This part was poorly
performed. Students should
realise that they must sketch
y=tan"' (x+1) in order to

make any comparison.

For the sketches, many
students did not pay attention
to the details which led to
loss of marks. The more
common ones are:

1. not realizing that they have
the same y-intercept,

2. Not showing that the
quadratic curve has a turning
point before x =2, and cuts
the x-axis after x=2.

3. Not showing that the cubic
curve is concave up.
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Students plotted / labelled the graphs as (for e.g.) Lz %+ %x - ixz + é)f dx which is a definite

integral (i.e. just a value). This has no meaning for comparison.

A number of students drew rectangles under the graph, which clearly shows regurgitation
without understanding.

For the qualitative explanation, students should make it clear that the comparison of how close
the curves are is limited from x=0 to x =2. Also, the link between the definite integral to the
area must be clear.

4 The points 4, B, C and D have coordinates (1,0,3), (-1,0,1),(1,1,3) and (1, k,0) respectively,
where £ is a positive real number. The plane p, contains 4, B and C while the plane p, contains 4,
B and D.

J6

Given that p, makes an angle of %with D, , show that k = - [5]

The point X lies on p, such that the vector XC is perpendicular to p,. Find XC . [5]

Hence find the exact area of the triangle AXC. [2]
Solution:

A standard question which can provide a good source of marks, but students seemed to be unprepared
for the third question on Vectors in Paper 2.

4 -1 1 1 1 1 0
1B=| 0 |-lol==lol zac=l1l=lol=|1 Many students used the
’ ’ correct method but made
1 3 1 3 3 0 numerous errors seen in
1 1 0 vector product operation to
AD =k |-lol=| k obtain the normal to planes
0 3 3 p, and p,. This had a knock-
on effect on the other parts
1 0 -1 of the question.
Normal vector =0 |x[1|=|0
1 0 This part required the direct
‘a <L application of formula to
obtain the angle between
Normal Vec“& a2 a{i A0 i 3 planes in order to show that
1 k
| | . k= @ . However students
. T 2
Since p1 makes an angle of gwr[hpz, n1||n2| = cosg made errors in obtaining

normals to planes p, and p,.

Also some students wrongly
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. . 4k’ 1
Squaring both sides, we have ————~=—
2(2k* +9) 4
8k* =2k +9
=2
2

stated that the formula gave
the sine of the angle.

A handful students were not
able to find the correct pair of
vectors to “cross-product”
Example, to find normal to

p, which contains A, B and C:

OAx OB [WRONG]

A mark was deducted for not
including k= —76 and

rejecting the answer
accordingly.

XC is perpendicular to p1 = XC is parallel to n,

-1
= X—C=m0

1

-1\ (1 -1

= OX=0C-m| 0 |=|1|-m| 0
1 3 1
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This part was badly
attempted. There was a lack
of clarity in presentation for
this part.

Many students were able to
write out the equation of line

1 -1
XC:r=|0|[+A| 0 |, but
3 1
instead of
1 -1
OX =| 0 |+4| 0 |[RIGHT],
3 1
many wrote
1 -1
XC=|0|+4| 0 | [WRONG]
3 1

This was an indication of poor
understanding of the
equation of line!
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Equation of p is

J6 J6 J6
2 (Y 2 2

r| 3 |=|0|| 3 6ie. r| 3 |=46
Jo | 3)| Ve J6
2 2 2

e

1 -1 2

Since X lies on p>, we have || 1 |-m| O ||| 3 =6
3 1 J6
2

2 2 2 2
6+3—m(\/6)=\/€
:m(\/g):S

:{—i +3+ iJ—m(£+0+£]=\/g

-1
=2 0 |- 2=
1

‘Zﬁ\: 1

0
AS U=
Since XC is IEI?WE P ies on pi, we have XC

perpendlculalytmﬁiﬁmew I Whalsapp Only 88660031

Therefore, area of triangle AXC is _

Many students failed to see
that triangle AXC is a right-

angled triangle and the area
can be quite easily obtained

by %(base)(J_ height) i.e.

%(AC)(XC). Instead many

students found the area by

finding %‘A_C;XATC‘ .
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Section B: Probability and Statistics [60 marks]

5 Anand, Beng, Charlie, Dayanah and 6 other people attend a banquet dinner, and are to sit at a round
table.

)

(i)

Dayanah will only sit next to Anand, Beng or Charlie (and no one else), and Anand, Beng
and Charlie do not want to sit next to each other. Find the number of ways the 10 people can

seat themselves around the table.

[4]

As part of dinner entertainment, 4 people from the table are chosen to participate in a game.

Among Anand, Beng and Charlie, if any one of them is chosen, the other two will refuse to
participate in the game. Furthermore, Dayanah refuses to participate unless at least one of Anand,

Beng or Charlie is also chosen.

Find the number of ways the 4 people can be chosen for the game.

[3]

5(i) | No. of ways to arrange 2 of A/B/C next to D, to form | In general, students lost marks for
a unit this whole question because they
= 3C2 x 21 failed to understand the question.
No. of ways to arrange the unit and 6 other people in Eor this p ar‘t: many stu,(’lents ,
a circle interpreted “sit next to” as applying to
—(7-1) one side (should be both sides) and
No. of ways to insert the remaining person from therefore were incorrect.
A/B/C = 5C Students should also take the effort

! to describe/explain their steps to

. Total no. of ways = possibly gain partial credit for their
3Cyx 2! x(7-1)! x°C, =21600 methodology.

(ii) | Case 1: 4, B or C not chosen A large number of students assumed

Number of ways = °C, =15
Case 2: Exactly one of 4, B or C chosen
Number of ways = *C, x 'C; =105

Total number of ways = 15 + 105 =120

[Note: Casﬁ%ﬁ%@&

Case 2a: E g(l 91 or A en but not
er

Dayanah’ Islandwide Delivery | \Eatsupp Only BBGE0031

(Number of ways = °C, x °C, = 60)

And Case 2b: Dayanah and exactly one of 4, B or C

chosen

(Number of ways = C, x °C, =45).]

that when 4, B or C were chosen, D
must be chosen when this is not the
case.

Otherwise this part was the better
done of the two.
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6 A bag contains four identical counters labelled with the digits 0, 1, 2, and 3. In a game, Amira
chooses one counter randomly from the bag and then tosses a fair coin. If the coin shows a Head,

her score in the game is the digit labelled on the counter chosen. If the coin shows a Tail, her score
in the game is the negative of the digit labelled on the counter chosen. 7 denotes the score in a game.

[2]
[3]

(i) Find the probability distribution of 7.
(ii) Amira tosses the coin and it shows a Tail. Find the probability that 7'< —1.

(iii) Amira plays the game twice. Find the probability that the sum of her two scores is positive. [3]

6(i)

¢ -3 -2 -1

ENE Fa
Oo|»— e
ool— | N

P(T =t 1 1
( ) : :

o0|—

o0— | W2

Most students could
do this part correctly.

(i)

P(T < —1|coin shows a tail)
_ P(counter shows 2 or 3 and coin shows a Tail)

P(coin shows a Tail)

Many students could
not identify that this
was a conditional
probability question.
Details were also
insufficient among the
rest of the answers.

(iii)

Required probability— — 1 P(sum of scores = 0)]

:l —>< + ><1><6]
2 8

27
64

Alternative:
Required probability
=2 [P(O, 1)+P(0,2)+P(0, 3)] +2 [P(—l, 2)+P(-1, 3)] +2P(-2,3)

+2[P(1,2)+P(1,3)+P(2,3)]+[P(l,l)+P(2,2)+P(3,3)]

:2|:(l><l><3ﬂ+2{(lxlx2ﬂ+2(lxlj+2(lxlx3j+3(
4 8 8 8 8 8 8 8

_27
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1 1)
_X_
8 8

Most students
attempted the second
method, but there
were many common
errors:

(1) not considering
permutations for each
case,

(2) missing out cases
(suchas1+1)

(3) forgetting that

P(T=0) :% .

A smaller number
tried to use a table of
outcomes, but were
not very successful as
they did not notice
that not all outcomes
had equal
probabilities.
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7 Itis generally accepted that a person’s diet and cardiorespiratory fitness affects his cholesterol levels.
The results of a study on the relationship between the cholesterol levels, C mmol/L, and
cardiorespiratory fitness, /', measured in suitable units, on 8 individuals with similar diets are given
in the following table.

Cardiorespiratory Fitness (/" units) 55.0 | 50.7 | 453 | 40.2 | 347 | 319 | 279 | 26.0

Cholesterol (C mmol/L) 470 | 498 | 530 | 5.64 | 6.04 | 630 | 699 | 6.79
(i) Draw a scatter diagram of these data. Suppose that the relationship between F and C is
modelled by an equation of the form InC = aF + b, where a and b are constants. Use your
diagram to explain whether a is positive or negative. [4]
(ii) Find the product moment correlation coefficient between In C and F, and the constants @ and b
for the model in part (i). (3]
(iii) Bronz is a fitness instructor. His cardiorespiratory fitness is 52.0 units. Estimate Bronz’s
cholesterol level using the model in (i) and the values of @ and b in part (ii). Comment on the
reliability of the estimate. [2]
(iv) Bronz then had a medical checkup and found his actual cholesterol level to be 6.2 mmol/L.
Assuming his cholesterol level is measured accurately, explain why there is a great difference
between Bronz’s cholesterol level and the estimated value in (iii). [1]

(@) o Many students gave a scatter

Chdeﬁteroh i diagram of InC vs F. However, the

question asked for a scatter diagram

6.99 lw . x of these data & the given data is C

X and F.
| X « Please ensure that the relative
X positions of the 8 data points (and
X not 7 or 9 points) are correct.

X « Many students did not label the

X max/min values of C and F.

470 pormmememmnem s ?( . Amongst those who did, a large

5 5"0 giigéi;es majority did not label the max C

26.0 fitness F (6.99) and/or min F (26) correctly.

. This part was poorly attempted.
InC=aF+b = C=e « Many students say that the gradient
From the scatter diagram, as F increases, C decreases | of the points in the scatter diagram
ata decreaﬁ éh& @Uf—;ﬁ_ (C against F) are negatively
" correlated so it has a negative
ExamPaper ¢ £
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gradient and thus a is negative.
BUT “a” is the gradient of the
regression line of InC on F and not
ConF.
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o Alternative solution given by some
students
InC decreases as C decreases.
Thus as F increases, InC decreases.
This means that the gradient of the
regression line of InC on F is
negative.
However, they failed to explain
clearly that “a” is the gradient of
the  regression line  before

concluding that “a” is negative.

(i) | Product moment correlation » =—-0.992 (3 sf) Some students identified the values
of a and b wrongly, i.e., wrote
Model is InC =—-0.013371 F +2.2772 (5 sf) a =2.28 in spite of the fact they had
Thus, a =-0.0134 (3 sf) claimed that a <0 in (i).
and b =2.28 (3 sf)
(iii) | 1nC=-0.013371(52.0)+2.2772 Some students used the inaccurate
1581908 values of @ and b, i.e., used
C=e =486 InC =—-0.0134F +2.28
Estimate of Bronz’s cholesterol level is 4.86 mmol/L | ¢ compute C and got an inaccurate
value.
Since r»=-0.992 is close to —1 which suggests that | Many students mentioned only one of
the linear model is a good one and Bronz’s | the 2 conditions needed for a reliable
cardiorespiratory fitness level, F = 52.0 lies within the | estimate with the regression line.
data range of [26.0, 55.0], the estimate is reliable.
(iv) | Bronz’s diet could be very high in cholesterol | This part was very poorly attempted.

compared to the 8 individuals which resulted in his
actual cholesterol level of 6.20 to be higher than the
value of 4.86 mmol/L estimated using the values in (iv)
which are based on the 8 individuals.
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Students need to check if there is a
reason provided by the context before
giving any other  reasonable
explanation.

In this question, a reason was given
(diet) and so this is the only answer
accepted. The regression line that was
used to find the estimate was based on
the data from the 8 people with a
similar diet. So the estimate of 4.86
mmol/L  would be  Bronz’s
cholesterol level if he was on the
same diet.
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A research laboratory uses a data probe to collect data for its experiments. There is a probability of
0.04 that the probe will give an incorrect reading. In a particular experiment, the probe is used to
take 80 readings, and X denotes the number of times the probe gives an incorrect reading.

(i) State, in context, two assumptions (not conditions) necessary for X to be well modelled by a
binomial distribution. [2]
(ii) Find the probability that between 5 and 10 (inclusive) incorrect readings are obtained in the
experiment. [3]

8(i |1. The probability of the probe giving an incorrect Not well answered. Despite the

)

reading is constant at 0.04 for each reading. many reminders, common errors

are:

2. Trial of whether a reading by the probe is incorrect is | 1.Probability of getting an incorrect

independent of other readings. reading is independent of ...

2.Two outcomes: correct or incorrect
reading (given in question, not
assumption)

3.Fixed number (80) of readings (given
in question, not assumption)

4.Trial is on “reading correct or
incorrect”, not the probe (only one
probe) nor the experiment (only one
experiment).

(ii) | X~ B(80, 0.05) Generally well done for this part.

P(5<X<10)=PX<10)-P(X<4) Common error is interpreting
=0.216 (3sf) “inclugive” to apply only to 10 and

not 5, i.e. wrongly gave

P(5<X <£10).

Some students wrongly gave
P(5<X<10)=P(X <10)xP(X >5
which is not true as the events

X <10 and X >5 are not
independent.
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When the probe gives an incorrect reading, it will give a reading that is 5% greater than the actual

(iii) Suppose the 80 readings are multiplied together to obtain a Calculated Value. Find the

Solution

probability that the Caleulated Value is at least 50% more than the product of the 80 actual

[3]

(iii)

Let the actual i ™ value be V.

Product of 80 actual values = Vi xVaXx ... XVgo

For an incorrect reading, V; is read as (1.05)V; (5% greater)
If there are x incorrect readings,
Calculated Value = V1xVax ... xVgo (1.05)".

VixVyx..xVy (1.05)" 2 1.5 (V xV, x..x V)

= (1.05">1.5
= xIn(1.05)>1n 1.5

> In1.5 ~33]
In1.05

i.e. at least 9 incorrect readings

X

Required probability = P(X > 9)
=1-PX<8)
= 0.00468 (3sf)

Most students did not know
how to interpret the question.

Many students tried to apply
Central Limit Theorem for
sample sum — note that CLT
does not apply to product of
sample.

Of those who could interpret the
question, many did not explain

how they obtained (1.05)" >1.5

Some students presented
‘product of the 80 actual values’
wrongly as V% instead of
VixVax ... xVgo (80 different
readings)
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9 A Wheel Set refers to a set of wheel rim and tyre. The three types of wheel sets are the Clincher Bike

Wheel Set, Tubular Bike Wheel Set and Mountain Bike Wheel Set.

The weight of a rim of a Clincher Bike Wheel Set follows a normal distribution with mean 1.5 kg
and standard deviation 0.01 kg. The weight of its tyre follows a normal distribution with mean 110
g and standard deviation 5 g.

(i) Let C be the total weight in grams of a randomly chosen Clincher Bike Wheel Set in grams.
Find P (C > 1620) . [3]

(ii) State, in the context of the question, an assumption required in your calculation in (i). [1]

Let T be the total weight in grams of a Tubular Bike Wheel Set, where T ~ N( u, 15° )

(iii) The probability that the weight of a randomly chosen Clincher Bike Wheel Set exceeds a
randomly chosen Tubular Bike Wheel Set by more than 150 g is smaller than 0.70351 correct
to 5 decimal places. Find the range of values that # can take. [5]

Let M be the total weight in grams of a randomly chosen Mountain Bike Wheel Set with mean
1800 g and standard deviation 20 g.

(iv) Find the probability that the mean weight of 50 randomly chosen Mountain Bike Wheel Sets is

more than 1795 g. [3]
93i) | C ~N(1500 + 110, 10? + 5%) Well attempted.
P(A>1620)=0.185546 ~0.186 (3sf) Only a few students

did not convert
kilograms to grams.
Note that

10° + 5% #(10+5)°

(ii) | Assume that the weight of a randomly chosen Clincher Bike rim and Poorly done. Many
tyre are independent of each other. gave assumptions
(This is required for the calculation of Var(C)) such as:
(Recall Var(X+Y) = Var(X) + Var(Y) if X and Y are independent) - The weight of a
randomly chosen
Clincher Bike
Wheelset is

independent of

K IA =, anothef set.
Exam P§pLeJr & gthlenre( i;)Only one

Islandwide Delivery | Whatsapp Only 88660031
- Assume that a set

has only one rim
and one wheel
(This was already
stated in the
question)
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(i) | €7 ~ N(1610-p, 125+15*) =C~T ~ N (1610 1, 350) Note that GC table
is not allowed as u
P(C-T>150)<0.70351 : :
18 not an integer
150-1610+ u value.
PLZ = /350 j <070351 Many students
1460 + failed to standardise
P|Z> —ﬂj <0.70351 correctly.
V350 Many wrote
—1460+ 1 0.534523 instead of
Ao > —0.534523 0534523,
1 >1449.9999 indicating that they

are still not able to
identify the correct
area for the
invnorm command
in GC.

(iv) | Since n =50 is large, by Central Limit Theorem, Many students
wrote

M ~ N(1800, 20°)

M ~ N (1800, 8) approximately which is incorrect
— as it is not given in
P(M >1795)=0.96146 ~ 0.961 (3sf) the question that M
is normally
distributed.

Not many students
knew that CLT has
to be used for this
part.

Some applied CLT
to M.

1>1450

M ~N (1800, %) approximately

Students are able to find the variance and expectation of the random variables but would need to work on
problems which require them to standardise (especially those that involve inequality)

10 (a) Two random samples of different sample sizes of households in the town of Aimek were taken
to find out the mean number of computers per household there. The first sample of 50 households
gave the following results.

of Borfipufers. L<=00 | 1 2 3 4
bér b mmas‘-:(@g 12 18 10 5
txam aper

\\i Delivery | atsapp Or yB&G
The results of the second sample of

&) households were summarised as follows.

dy=118 > y*=314,

where y is the number of computers in a household.
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(i) By combining the two samples, find unbiased estimates of the population mean and variance
of the number of computers per household in the town. [4]
(ii) Describe what you understand by ‘population’ in the context of this question. [1]

(b) Past data has shown that the working hours of teachers in a city are normally distributed with
mean 48 hours per week. In a recent study, a large random sample of n teachers in the city was
surveyed and the number of working hours per week was recorded. The sample mean was 46
hours and the sample variance was 131.1 hours®. A hypothesis test is carried out to determine
whether the mean working hours per week of teachers has been reduced.

(i) State appropriate hypotheses for the test. [1]

The calculated value of the test statistic is z=—1.78133 correct to 5 decimal places.
(ii) Deduce the conclusion of the test at the 2.5 % level of significance. [2]
(iii) Find the value of n. [3]

(iv)In another test, using the same sample, there is significant evidence at the «% level that there
is a change in the mean working hours per week of teachers in that city. Find the smallest
possible integral value of « . [2]
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This question is poorly done in general. Students display a lack of understanding of hypothesis

testing concepts and procedures, coupled with a perpetual incompetency in obtaining the unbiased
estimates from given data. Many of the solutions presented also reveal a lack in comprehension by
students on what the questions are asking for.

10(a)(i) | Let X be the number of computers in each household in the | The most common error for
first sample. the unbiased estimate for the
Using GC, fo —98, foz — 254 population mean from the
. . . combined sample is taking
Unbiased estimate of the population mean the averages of the unbiased
- 98 +118 - ﬁ(z 1.96) estimates for the respective
59 +60 _ 55 . . sample sizes, i.e.
Unbiased estimate of the populatlozn variance 1 (98 N 1 18)
1 (254+314)_(98+118) _12 3 2\50 60
110-1 110 5995
The most common error for
the unbiased estimate for the
population variance is using
the formula for pooled
variance given in the MF26.
(a)(ii) | The population in this question refers to all the households | Majority of students are able
in the town. to correctly identify what the
population is. Common
errors include failing to state
that the households are from
the town (and not anywhere
else) and for referring the
population to computers
instead. A small handful
gave the definition of a
random sample here, which
indicates a lack in
comprehension what the
question is asking for.
(b)(i) Let u be the population mean working hours of teachers in | This part is generally well
the city. done.
H,:u=48
H, : <48
| 5 8 Fn Y
(i) Critical P&II)A{QZEJ }@ Most students know that the
Since zi %208 BE ST 96 s do not reject Ho finding the critical region is

Islandwide Delivery | Whatsapp Only 8860031
OR p-value = P(Z<1781Y20.0375 > 0.025, we do
not reject Ho
There is insufficient evidence at 2.5% level of significance
that the mean working hours per week of teachers in the
city has been reduced.

key to stating the correct
conclusion, and most are
able to obtain the correct
critical value (not the region
though). This leads to an
overall confusion with
whether to reject/accept Ho,
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or whether to reject/accept
Hi. Subsequently, the
confusion with whether there
is sufficient/insufficient
evidence persists as well.
There is a sizable number of
students who are of the
impression that the decision
for rejection of Ho is the
conclusion.

(iii) ) n Most students use 131.1 as
s’ =——(131.1) . .
n—1 the population variance,
) 46— 48 therefore losing marks for
131.1
n—1
-2 =-1.781 311
n—1
Jnl= —1.781\2/131.1
n=105
(iv) p-value for the two tailed test= 2xP(Z <-1.781)=0.0749 | Students who rightly

(accept 0.075)

For Ho to be rejected,

a
-value < —
P 100

a>17.49
Smallest value of @ =8

approach this part using a 2-
tailed test are able to obtain
the correct result. There is a
small handful who
mistakenly compared the test
statistic —1.78133 to the
level of significance.
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