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It is given that y =f(x) is a function such that f(0)=1 and % =1+ . Find the first three

. . . f(x
nor-zero terms in the series expansion of % [4]
~-X

The angular displacement of an object is how wide that object appears to be from an
observer’s point of view.

k4

SRS S (A )

The angular displacement &, of an object with radius » km that is D km away is shown in
the diagram above.

Oumuamua is the first interstellar object observed in our solar system. Discovered in 2017,

it had an angular displacement of 2.85x107"" radians. Powerful Earth-based lasers

measured its distance as 3.59x10”km from Earth.

() Show that the radius of Oumuamua is approximately 1.023 km, rounded to 3
decimal places. [2]

(iiy  Therate of change of angular displacement is found to be —1.095x 107" radians per
hour at this instant. Assuming & is sufficiently small for # and higher powers to be
ignored, find the rate at which Oumuamua is moving away from Earth., [4]

It is given that I -1 is a root of the equation 2z* + pz’ +82° +¢gz +4=0 , where p and ¢
are real constants.

(i) Write down (I—i)°, (1—i)’ and (1—i) in cartesian form. Hence find the values of
pand g. _ [3]
(ii) Without the use of calculator, find the other roots of the equation in exact
form. [4]
™ y
a0 5"

The diagram shows the graph of y=x"—2x-5 . The two roots of the equation

x?—2x—5=10 are denoted by « and /3, where o < 3.
() Find the exact values of @ and 3. (2]
A sequence of positive numbers x,, x,, x;, ... is such that
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1
an :(Zx,, +5)5 for }‘1:1, 2, 3,....
Asn—w, x, >/,

(i) Explain why / satisfics the equation 1> ~2/—-5=0. ' [1]

(i)  Showthat /= 4. [2]

(iv) By considering the graph of y=x*-2x-5 and the sign of y, show that when
0<x,<f,then x, <x . : [2}

The diagram below shows a straight line / passing through the points 4 and B. With
reference to the origin O, the position vectors of 4 and B are 2 and b respectively. It is

further given that a is a unit vector, [b| =2 and £Z40B = 60°.

(i) State the values of a+b and |axb]. [2]
(ii)  The point P lies on the line / and is such that AB:BP=2:1. The point O on the
line OP is such that OQ = A0P where 0 < A <1. Determine the value of A such

that the area of triangle OBQ is ﬁ of the area of triangle O4B . [3]

(iiiy It is further given that the point & on the line 7 is such that ZAOR = ZROB . Show
that R has position vector a +4(b ~—a) for some st R and hence find this value

of u. : (3]

Aeroplanes need to maintain a certain speed in order to generate enough lift to stay aloft.
However, moving quickly is inefficient at low altitudes, where there is greater air
resistance. There is less air resistance at higher altitudes, but planes need to move faster in
order to stay aloft as there is less air.

The following formula relates the speed of a particular acroplane necessary to stay aloft to
the altitude at which it is travelling;

v=0.8% —18h* +170h,
where v is the minimum speed in kilometres per hour, to stay aloft at an altitude of %
thousand kilometres.

It is also given that

5 1000(700)"
700° + (v=700)°
where £ is the fuel efficiency of a suitable unit, at which the acroplane is travelling.
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i Show that g‘i >0 forall A, 2
( dh

(i) By differentiation, find the height at which the aeroplane should travel in order to
achieve the greatest fuel efficiency. [5]

An insurance company, Super Western, launched a new investment plan. The investment

plan offers a fixed interest rate of 5% of the amount available in the plan at the start of that

year. The interest is added to the plan at the end of each year. Tom and Mary decide to
invest in this plan.

(a) Mary decides to place $y at the start of the first vear and then a further $y again at
the start of each subsequent year. She chooses to leave the money in the investment
plan and let the interest accumulate.

(i) How much money will there be in the investment plan at the end of 1 year?
[1]
(i) Suppose that the interest of the final year has been added into the plan, show

that at the end of # years, Mary will have a total amount of $21(1.05" 1)y

in her plan. [3]
(iii)  Calculate the number of complete years it takes Mary to have at least $1 Sy
in her plan. 2]

(b)  Tom decides to utilize the investment plan differently. He plans to withdraw the
interest immediately when the interest is being added into his plan. Suppose that
Tom invests $3x at the start of first year and $2x at start of each subsequent year,
what is the total amount of interest he has withdrawn at the end of » vears?

[3]

A wheel with centre C is pushed along a flat surface in a straight line. The point 4 on the
wheel, is initially in contact with the ground at O . After the wheel has rotated through an
angle of ¢ radians, the point of contact with the ground is F and the length of the arc AF is
equal to OF.

i

0 F

L 4
=

The wheel has a fixed radius of 7.

(a) Show that the coordinates of 4 after the wheel has rotated through an angle of ¢
radians is

(r@-rsing, r—rcosé}.
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10

Hence or otherwise, find the cartesian equation of the locus of A as the wheel is
pushed along the surface, for 0 <@ < 27, Express your answer as x in terms of ¥
and r. [4]

(b) The parametric equation of the curve C is given by
x=rt—rsint
Y =F—FCOSf,
for 0 <t <2n, where r is a constant.

() Showthat [y dr=/ [ (1-cost)” dr. | 2]
(i) Hence or otherwise, find the exact area of the region bounded by C and the
x-axis. [3]
. X +x-2
The curve C has equation y= ~—k—, where xe R, x#—kforsome kelR.
X+
0] Find the range of values of & such that C has 2 stationary points. [3]
(i)  Sketch C for k=3, stating the equation of any asymptotes, the coordinates of
stationary points and points where the curve crosses the axes. 3]
(iif) By adding a suitable graph to the graph in part (i), solve the inequality
x*+x'—2x* —x—-3<0 for values of x>-3. [3]

The function fis defined by f:x+> sinx+ x, forxeR,x>0.

() Show that f'(x)2 0. Hence, or otherwise, show that f~' exists. [3]
(i)  Find the values of x for which f (x)=f"' (x). [2]
¥
{—1, 2x)

The diagram above shows the graph of y = g(x) .

(ii})  Show that the composite function fg exists. Hence, determine the range of fg. [4]
(iv)  The function h is defined by h(x) = g(x) for x < —1. State the value of h™' f(Zn) .

[1]
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12

In an indoor playground, a virtual reality enclosure is being set up. The base of the
enclosure takes on the shape of a triangle OCA as shown in the diagram. The point O
represents the origin and the point A has coordinates (6,8, 0). The highest point of the
enclosure is at the point S with coordinates (-1, 0, 2). The walls of the enclosure are
represented by triangles SCA, SCO and S4O respectively.

The line that passes through C and 4 has equation G y+8, z=0. The base of the

enclosure is represented by the plane with equation z=0.

e S(-1,0,2)
k
o i
J 0(0.0,0)
L]
C
®4(6,~8,0)

(i) Find the cartesian equation of the plane representing the wall SCA. Hence, find the
acute angle between the base of the enclosure and the wall SCA4. (4]
(i) A laser projector is to be set up at a point F along the line segment CA such that it
is closest to the point S. Find the coordinates of . [3]

(iit)  The projector at £ emits a laser beam that makes a point on wall SA0) to create the
illusion of a shooting star. The projected point moves in a straight line on the wall

SAO from §'to the point N which is closest to #. Find the length of FN. {31
(iv)  Calculate the angle that the laser beam emitted from the projector sweeps through
as the point moves from Sto V. [2]
(i) The drag force experienced by an object moving through a medium can be modelled
by the differential equation
dv 2
—=—puv—-Av,
ds :

where v is the velocity of the object in metres per second,  is time in seconds, and
gand A are real positive constants.

. N dz .
Using the substitution z = Iz . show that & =2uz+24.
v

Hence, find the general solution for v > 0, in terms of /. [8]
(it) State the long term behaviour of v. ]
For the rest of the question, take #=0.1 and A =0.08.

(i) Find the particular solution of v for which the object is travelling at | ms™ after
3s. [3]

END OF PAPER
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RVHS 2021 H2 MA Prelim Paper 2

Section A: Pure Mathematics [40 marksj

1 The function f is defined by f(z)=az' +bz’ +cz+d where a, b,candd are real

numbers. Given that 1-+/3 i and % are roots of f(z)=0, find b, cand d in terms of a.

(4]
2 (i) By using the formulae for sin (A + B), show that
sin p+l & —sin p—l BEZCospé’sinlﬁ. [1]
2 2 2 '
. = ] 1 . 1 1
(ti)  Hence show that ZCOSPE? = —cosec— & sin (n +ﬁ)9—sm~9 . [2]
P 2 2 2 2
32 T
(iif)  Using the result in part (ii), find the exact value for Zcos(p —2)9 when 6= 3
p=3
[3]
3 Acurve C has equation y* +xy=-1, where y>-1.
(a) Describe a sequence of transformations that will transform the graph of C onto the
graph of 4" —2(x—~1)y=-1. [3]
(b (i) Show that the gradient function of C can be expressed as
dv -
dx 2y+x
(i)  Fora non-zero constant a, find the equation of the tangent to the point where
¥ =a in terms of a. ' [3]
(iif)  State the behaviour of the tangentas a — 1. [1]
. I(ZIW—EJ .
4 (1) Verify that 8e* %/ =—8i, where k is an integer. [2]
(ii) Given that @= % _36£ where £ is an integer and -m<@<xn . show that
k=-1,0,0rl. [1]
(i)  State with a reason, the number of roots of the equation w° =--8i, 1]
(iv)  Find the roots of the equation w* =-8i in the form re® where —n <8< 1 and
represent them on an Argand diagram. (4]
(v)  The locus of the set of points on an Argand diagram represented by the complex

number z , given by the equation [z—a[zr , describes a circle centered at the

complex number g with radius ».
State the values of @ and r such that the values of w obtained in part (iv) satisfics
the equation {z—af=r . ' [1]
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(a)

(b)

Show algebraically that jln(a —x) dx where « is a real constant, can be expressed

as (x—a)ln(a—x}-x+c forarbitrary constant ¢ . Hence, find j(ln (a- x))2 dx.

[6}
A company manufacturing scientific equipment wants to design a new type of
container. A consultant provides them with a design generated by the curve C, given
by the equation

y=6-¢".

The container is formed by rotating the region bounded by C, the y-axis and the
lines y=0 and y =3, about the y-axis by 2n radians.
(i) Find the exact volume of the container. [4]
(i) Find the exact vertical cross-sectional area of the container. 2]
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Section B: Statistics [60 marksj

A digital lock accepts integer inputs from 0 to 9. A 5-digit passcode is to be entered to
unlock. The lock accepts unlimited repeats of the digits used in the passcode.

(i) Find the number of passcodes which have no repeated digit. [1]
(ii) Find the number of passcodes with exactly 2 distinct digits that are repeated. An
example of such a passcode is “00223”. [3]

(i)  Find the probability that a randomly chosen passcode contaips repeated digit(s). [2]

A bag contains 3 red balls, 4 blue ball and 5 green balls. The balis are identical except for
their colours. 5 balls are drawn at random from the bag without replacement and the number
of red balls drawn is denoted by X,

(i) Show that P(X:E =2—72.
Determine the probability distribution of X, ' [4]
(i) Find the expectation and variance of X, 2]

In a round of a game, the player makes 5 draws from the bag. To start the game, the player
has to pay $3. He gets $2 for each red ball that he draws,

(iii)  Find the value of E(ZX L3) and interpret the significance of this value from the
player’s perspective. ' [2)

A manufacturer produces 3 types of spray bottles: Type 4, Type B and Type C . 65% of
the sprayers manufactured are Type 4 and 20% are Type B.3% of Type A sprayers, 4%
of Type B sprayers and 5% of Type C sprayers have manufacturing defects.

(1) A sprayer is chosen at random. Construct a probability tree to show the above
information. : [2]
(i} Find the probability that out of 2 randomly selected sprayers, exactly one of them
has manufacturing defects. - 3]

(iiiy  Three sprayers are randomly chosen. Find the probability that there are exactly 2
Type C sprayers given that exactly one of the three sprayers has manufacturing
defect. ' [4]

During each round of practice, John, does 10 multiple-choice questions and his score X ;

is the number of questions he answered correctly. On average, he has an 85% chance of

answering each multiple-choice question correctly.

(1) State in the context of the guestion, one assumption needed to model X by a
binomial distribution. : {1

On a particular day, John does 4 rounds of practice.

(ii}  Find the probability that the total score for John in the 4 rounds of practice is more

than 36. . (2]
(it} Find the probability that John obtains a score of at most 9 in each of his first 2
rounds of practice. [3]

To qualify for an award, John will need a mean score of at lcast 8.8 for all his 50 rounds of
practice. '

(iv)  Find the probability that John will qualify for the award. | {3}
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11

In a certain district, the English and Maths marks for Primary 6 students in the national
primary school leaving examination follow normal distributions with means and variances
shown below:

Subject Mean Variance
English 76 25
Maths 74 o

The performance in English is independent of that in Maths for Primary 6 students in the
district.

() Past data revealed that 1 in every 30 students in the district scored at least 85 marks
in Maths in the examination. Find the value of & correct to the nearest whole
number. 2]

For the rest of the question, take o to be the nearest whole number obtained in part (i).

(it) To qualify for the top secondary school in the district, a Primary 6 student will need
to have the sum of his Maths mark and double of his English mark to be at least

250. Given that a particular student qualifies for the top secondary school, find the
probability that he scored more than 85 marks in each of the English and Maths
examination. {4]

(ii)  The Education Board of the district decides to study if there is any significant
difference in the Primary 6 students’ performance for the 2 subjects in the
examination. A sample of 5 students is chosen from School A in the district and the

sum X of their English marks is obtained. Another sample of 5 students is chosen

from School B in the same district and the sum Y of their Maths marks is obtained.

Find the probability that the difference of X and Y is more than 30 marks.

(4]

{iv) A student scoring more than 80 marks in English qualifies for an enrichment course.
A sample of » students are chosen. Find the least value of # such that the
probability of more than 4 students qualifying for the enrichment course is more

than 0.15. 4]

In a factory, the time taken in minutes by each worker to assemble the components of an
electrical device with adherence to strict production standard is known to have a mean of
I5 minutes. The factory management team implements a new assembly procedure.
After the new assembly procedure has been implemented for half a year, the production
manager chooses 40 workers randomly and records the time ¢ minutes each worker takes
to complete the assembly process. The results collected are summarized as follow

S(t-15)=-8, D (t-15) =17.

() Briefly describe how a random sample of 40 workers could be obtained. [1]
(i) Calculate the unbiased estimates of the population mean and variance of the time
to assembie the components of the electrical device, in the new procedure. 2]

(iiiy  Test, at the 5% level of significance, whether the mean time in minutes for the
worker to assemble the components of the electrical device has changed after the
implementation of the new assembly procedure. You should state your hypotheses

clearly and define any symbols used. [4]
(iv)  Explain the meaning of ‘at the 3% level of significance’ in the context of the
question. [

(v) Explain if it is necessary for the production manager to assume that the time a

worker takes to complete the assembly process follows a normat distribution.  [1]
The production manager believes that the mean time should have been reduced with the
implementation of the new assembly procedure.
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(vi)  Deduce if the collected data support his belief at the 2% level of si gnificance. [2)

The production manager then proceed to further collect a set of assembly times in minutes
from another 10 different randomly chosen workers as given below.
148, 151, 149, 1438, 15, 150, 148, 147, 149, 149

The above data from the 10 different workers are summarized as follow

2(1=15)==1, ¥ (¢-15) =0.26.

(vii)  Combining the assembly times of the first 40 workers and these additional 10
workers into a single sample, a test at 100 % leve] of significance supports the

production manager’s belief that the new assembly procedure has helped to reduce
the mean assembly time. Find the range of values of « . 13}

END OF PAPER
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1 Itis giventhat y =f(x)} isa function such that f(0)=1 and gf o ¥" . Find the first three

. . . f(x
non-zero terms in the series expansion of () . : [4]

9—x

2 The angular displacement of an object is how wide that object appears to be from an
observer’s point of view.

D

B i WU - A

"

»f

The angular displacement 6, of an object with radius  km that is D km away 1s shown in
the diagram above.

Qumuamua is the first interstellar object observed in our solar system. Discovered in 2017,

it had an angular displacement of 2.85x10™ radians. Powerful Earth-based lasers

measured its distance as 3.59x10” km from Earth, :

(i) Show that the radius of Oumuamua is approximately 1.023 km, rounded to 3
decimal places. [2]

(i) The rate of change of angular displacement is found to be ~1.095x10"* radians per
hour at this instant. Assuming 6 is sufficiently small for ¢° and higher powers to be

ignored, find the rate at which Oumuamua is moving away from Earth. [4]
3 It is given that 1-i is a root of the equation 2z* + pz* + 87° +9z+4=0, where p and ¢
are real constants.
(i) Write down (1-i)", (1-i)" and (1~1)* in cartesian form. Hence find the values of
pandgq. o _ [3]
(ii) Without the use of calculator, find the other roots of the equation in exact
form. (4]
4
a7y
pr 0 /), > X
The diagram shows the graph of y=x"-2x-5 . The two rdots of the equation
x'=2x-5=0 are denoted by & and B.where o< f.
(i) Find the exact values of o and 5. 2]
A sequence of positive numbers X, Xy, Xy, ... is such that
©RIVER VALLEY HIGH SCHOOL 9758/01/2021
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['S]

1
X, =(2x,+5)2 for n=1,2,3,....

As n—w, x, >1.

(i1) Explain why  satisfies the equation /* 21 ~5=0. [
(i)  Showthat /= /. [2]
(iv) By considering the graph of y=x"—2x—35 and the sign of y, show that when
O<x <f,then x <x, . 2]
5 The diagram below shows a straight line / passing through the points 4 and B. With

reference to the origin O, the position vectors of 4 and B are a and b respectively. It is
b| =2 and £LAOB =60°.

further given that a is a unit vector,

(i)  State the values of asb and |axh|. [2]
(i)  The point P lies on the line / and is such that AB: BP=2:1. The point Q on the
line OF is such that OQ = A0P where 0 < A <. Determine the value of A such

that the area of triangle OBQ is ofthe area of triangle QAR . [3]

1
243
(iiiy It is further given that the point R on the line / is such that ZAOR = ZROB . Show

that R has position vector a+ p(b—a) for some s R and hence find this value

>

of . 131

6 Aeroplanes need to maintain a certain speed in order to generate enough lift to stay aloft.
However, moving quickly is inefficient at low altitudes, where there is greater air
resistance. There is less air resistance at higher altitudes, but planes need to move faster in
order to stay aloft as there is less air.

The following formula relates the speed of a particular acroplane necessary to stay aloft to
the altitude at which it is travelling:

v=0.8" —184" +170h,
where v is the minimum speed in kilometres per hour, to stay aloft at an altitude of /
thousand kilometres.

It is also given that
_1000{700)’
7007 +(v—700)"

where E is the fuel efficiency of a suitable unit, at which the aeroplane is travelling.

©RIVER VALLEY HIGH SCHOOL 9758/01/2021
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(i) Show that gh:; >0 for all A. 2]

(i) By differentiation, find the height at which the aeroplane should travel in order to
achieve the greatest fuel efficiency. [5]

7 An insurance company, Super Western, launched a new investment plan. The investment

plan offers a fixed interest rate of 5% of the amount available in the plan at the start of that

year. The interest is added to the plan at the end of each year. Tom and Mary decide to

invest in this plan.

(a) Mary decides to place $y at the start of the first year and then a further $y again at
the start of each subsequent year. She chooses to leave the money in the investment
plan and let the interest accumulate.

(1) How much money will there be in the investment plan at the end of 1 year?
[1]

(ii) Suppose that the interest of the final year has been added into the plan, show
that at the end of » years, Mary will have a total amount of $2101.05" -1y

in her plan. [3]
(nii)  Calculate the number of complete years it takes Mary to have at least $15y
in her plan. ' [2]

(b)  Tom decides to utilize the investment plan differently. He plans to withdraw the
interest immediately when the interest is being added into. his plan. Suppose that
Tom invests $3x at the start of first year and $2x at start of each subsequent year,
what is the total amount of interest he has withdrawn at the end of » years?

[3]

8 A wheel with centre C is pushed along a flat surface in a straight line. The point 4 on the
wheel, is initially in contact with the ground at . After the wheel has rotated through an
angle of ¢ radians, the point of contact with the ground is # and the length of the arc 4F is
equal to OF,

[
Lt

0 F

The wheel has a fixed radius of r.

(a) Show that the coordinates of 4 afier the wheel has rotated through an angle of ¢
radians is

(r@—rsing, r—rcos).
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Hence or otherwise, find the cartesian equation of the locus of 4 as the wheel is
pushed along the surface, for 0 <& < 2. Express your answer as x in terms of y

and r. [4]

(b} The parametric equation of the curve C is given by
X =ri—rsint

V=r—rcost,
for 0 <z <2m, where 7 is a constant.

(1) Show that _[y dx=»* J(I —cos t)z dr. [2]
(i) Hence or otherwise, find the exact area of the region bounded by C and the
X-axis. 3]
. tx-2
9 The curve C has equation y = x—j_k—, where xe R, x# —kforsome ke R.
X+

(1) Find the range of values of & such that C has 2 stationary points. I3]
(i1) Sketch C for k=3, stating the equation of any asymptotes, the coordinates of
stationary points and points where the curve crosses the axes. [3]

(iti) By adding a suitable graph to the graph in part (ii), solve the inequality
x'+x’~2x7 —x~3<0 for values of x> ~3. [3]

10 The function f'is defined by f: x> sinx+x, forxeR, x>0.
(1) Show that f '(x) 2 (. Hence, or otherwise, show that f™' exists. [31

(i) Find the values of x for which f(x) =f (r) 121

The diagram above shows the graph of y=g{x).
(i) Show that the composite function fg exists. Hence, determine the range of fg. [4]
(iv)  The function h is defined by h(x)=g(x) forx <-1. State the value of h™ f(2n).

[1]
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8 In ar indoor playground, a virtual reality enclosure is being set up. The base of the
enclosure takes on the shape of a triangle OCA as shown in the diagram. The point O
represents the origin and the point 4 has coordinates (6,-8, 0). The highest point of the
enclosure is at the point § with coordinates (-1, 0, 2). The walls of the enclosure are
represented by triangles SC4, SCO and S40 respectively.

The line that passes through € and 4 has equation = y+8,z=0. The base of the

enclosure is represented by the plane with equation z=0,

A(6,-8,0)
(i) Find the cartesian equation of the plane representing the wall SCA4. Hence, find the
acute angle between the base of the enclosure and the wall SC4. [4}
(i) A laser projector is to be set up at a point # along the line segment CA4 such that it
is closest to the point S, Find the coordinates of £ (3]

(i) The projector at ¥ emits a laser beam that makes a point on wall S40 to create the
illusion of a shooting star. The projected point moves in a straight line on the wall

540 from S'to the point N which is closest to F. Find the length of FV. 3]
(1v) Caleulate the angle that the laser beam emitted from the projector sweeps through
as the point moves from S to A, ' [2]
12 (i) The drag force experienced by an object moving through a medium can be modelled
by the differential equation
dv A
—=—uv—Av’,
dr #

where v is the velocity of the object in metres per second, 7 is time in seconds, and
#and A are real positive constants.

Using the substitution z = ij , sShow that %{ =2uz+24.
Vo 4

Hence, find the general solution for v > 0, interms of ¢. [8]
(i State the long term behaviour of v. [1]
For the rest of the question, take #=0.1and 4=0.08,

(iif)  Find the particular solution of v for which the object is travelling at 1 ms™ after
3s. [3]

END OF PAPER
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RVHS 2021 H2 MA Prelim Paper 2

Section A: Pure Mathematics 140 marks]

| The function f is defined by f (2)=az’ +bz* +cz+d where a, b,candd are real

numbers. Given that 1-+/3 i and —2% are roots of f{z)=0, find h.candd interms of .

[4]
2 (i) By using the formulae for sin( 4 + B), show that
I 1 |
sim| p+— |8-sin| p—~ |8 =2cos phsin—0 1
(p 2) (p 2) posing (1]
. 2 I 1| . 1y, .1
(11)  Hence show that Z Cos p) = —cosec—@| sin| n+— |#—sin—@ | [Z]
P 2 2 2 2
32
T
(iii)  Using the result in part (ii), find the exact value for ZCOS ( p —2)9 when 6 = 5
p=5
(31
3 A curve C has equation y* +xy =1, where y>—1.
(a) Describe a sequence of transformations that will transtorm the graph of C onto the
graph of 4y° —2(x-1)y=-1. [3]
(b (1) Show that the gradient function of ¢ can be expressed as
d -
__y [2]
dx 2y+x
(i) For a non-zero constant «, find the equation of the tangent to the point where
y=a interms of a. (3]
(iii)  State the behaviour of the tangentas a —> 1. i
4 (i) Verity that 8¢'  */ = _8i  where kisan integer. [2]
(ii) Given that 6= 2—3~kE —g where £ is an integer and -n<@<n , show that
k=-1,0,0r 1. [1]
(1ii)  State with a reason, the number of roots of the equation w® = -8i . [
(iv)  Find the roots of the equation w* =8 in the form re'” where —t<@<n and
represent them on an Argand diagram. [4]

(v) The locus of the set of points on an Argand diagram represented by the complex
number z ., given by the equation ]z——a’:r, describes a circle centered at the

complex number ¢ with radius r.
State the values of g and r such that the values of w obtained in part (iv) satisfies
the equation [z - a[ =r. f1]
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(a)

(b)

Show algebraically that |In(a--x) dx where a is a real constant, can be expressed
y P

as (x—a)In(a—x)—x+c forarbitrary constant ¢ . Hence, find J(In (a—:c))2 dx .

[6]
A company manufacturing scientific equipment wants to design a new type of
container. A consultant provides them with a design generated by the curve C, given
by the equation

y=6-¢e".

The container is formed by rotating the region bounded by C, the y-axis and the
lines y=0 and y=>5, about the y-axis by 2x radians.
(0 Find the exact volume of the container, [4]
(i)  Find the exact vertical cross-sectional area of the container. [2]
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Section B: Statistics [60) marks|

A digital lock accepts integer inputs from 0 to 9. A 5-digit passcode is to be entered to
unlock. The lock accepts unlimited repeats of the digits used in the passcode.

(i) Find the number of passcodes which have no repeated digit. 1]
(i)  Find the number of passcodes with exactly 2 distinct digits that are repeated. An
example of such a passcode is “00223”. : [3]

(iii)  Find the probability that a randomly chosen passcode contains repeated digit(s). [2]

A bag contains 3 red balls, 4 blue ball and 5 green balls. The balls are identical except for
their colours. 5 balls are drawn at random from the bag without replacement and the number
ot red balls drawn is denoted by .X. :

(1) Show that P(X =2 =572—.
Determine the probability distribution of X, [4]
(i) Find the expectation and variance of X, : [2]

In‘around of a game, the player makes 5 draws from the bag. To start the game, the player
has to pay $3. He gets $2 for cach red ball that he draws.

(iiiy  Find the valuc of E(2.X —3) and interpret the significance of this value from the
player’s perspective. [21

A manufacturer produces 3 types of spray bottles: Type 4, Type B and Type C. 65% of
the sprayers manufactured are Type A and 20% are Type B. 3% of Type A4 sprayers, 4%
of Type B sprayers and 5% of Type C sprayers have manufacturing defects.

(1) A sprayer is chosen at random. Construct a probability tree to show the above
information. _ 2]

(iiy  Find the probability that out of 2 randomly selected sprayers, exactly one of them
~ has manufacturing defects. 13

(iii)  Three sprayers are randomly chosen. Find the probability that there are exactly 2
Type C sprayers given that exactly one of the three sprayers has manufacturing
defect. . 4]

During each round of practice, John, does 10 multiple-choice questions and his score ¥ .

is the number of questions he answered correctly. On average, he has an 85% chance of

answering each multiple-choice question correctly.

(1) State in the context of the question, one assumption needed to model Y by a
binomial distribution. [1]

On a particular day, John does 4 rounds of practice.

(if)  Find the probability that the total score for John in the 4 rounds of practice is more

than 36. [2]
(iii)  Find the probability that John obtains a score of at most 9 in cach of his first 2
rounds of practice. ' [3]

To qualify for an award, John will need a mean score of at least 8.8 for all his 50 rounds of
practice,

(iv)  Find the probability that John will qualify for the award. : [3]
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4

In a certain district, the English and Maths marks for Primary 6 students in the national
primary school leaving examination follow normal distributions with means and variances
shown below:

Subject Mean Variance
English 76 25
Maths 74 ot

The performance in English is independent of that in Maths for Primary 6 students in the
district.

(i) Past data revealed that 1 in every 30 students in the district scored at least 85 marks
in Maths in the examination. Find the value of & correct to the nearest whole
number, [2]

For the rest of the question, take o to be the nearest whole number obtained in part (i).

(ii)  To qualify for the top secondary school in the district, a Primary 6 student will need
to have the sum of his Maths mark and double of his English mark to be at least

250. Given that a particular student qualifies for the top secondary school, find the
probability that he scored more than 85 marks in each of the English and Maths
examination. [4]

(1ii)  The Education Board of the district decides to study if there is any significant
difference in the Primary 6 students’ performance for the 2 subjects in the
examination. A sample of 5 students is chosen from School A in the district and the

sum X of their English marks is obtained. Another sample of 5 students is chosen

from School B in the same district and the sum ¥ of their Maths marks is obtained.

Find the probability that the difference of X and ¥ is more than 30 marks.

[4]

(iv) A student scoring more than 80 marks in English qualifies for an enrichment course.
A sample of » students are chosen. Find the least value of » such that the
probability of more than 4 students qualifying for the enrichment course is more

than 0.15. [4]

In a factory, the time taken in minutes by each worker to assemble the components of an
electrical device with adherence to strict production standard is known to have a mean of
15 minutes. The factory management team implements a new assembly procedure.
After the new assembly procedure has been implemented for half a year, the production
manager chooses 40 workers randomly and records the time  minutes each worker takes
to complete the assembly process. The results collected are summarized as follow

S(t-15)=-8, > (:-15) =17.

() Briefly describe how a random sample of 40 workers could be obtained. [
(ii)  Calculate the unbiased estimates of the population mean and variance of the time
to assemble the components of the electrical device, in the new procedure. 21

(i) Test, at the 5% level of significance, whether the mean time in minutes for the
worker to assemble the components of the electrical device has changed after the
implementation of the new assembly procedure. You should state your hypotheses

clearly and define any symbols used. (4]
(iv)  Explain the meaning of ‘at the 5% level of significance’ in the context of the
question. [11
(v) Explain if it is necessary for the production manager to assume that the time a

worker takes to complete the assembly process follows a normal distribution.  {1]
The production manager believes that the mean time should have been reduced with the
implementation of the new assembly procedure.
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(vi)  Deduce if the collected data support his belief at the 2% level of significance. [2]
The production manager then proceed to further collect a set of assembly times in minutes

from another 10 different randomly chosen workers as given below.
148, 151, 149, 148, 15, 151, 148, 14.7. 149, 149

The above data from the 10 different workers are summarized as follow

2(=15)=—1, 3 (r~15)" =0.26.

(vii)  Combining the assembly times of the first 40 workers and these additional 10
workers into a single sample, a test at 100 % level of significance supports the

production manager’s belief that the new assembly procedure has helped to reduce
the mean assembly time. Find the range of values of ¢ . [3]

END OF PAPER
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2021 JC2 H2 Maths Prelim Paper 1

When x=0, y=1, Y
dx

~ 14+ 2x+2x°

f(x)
9—x
1+2x+2x%

Vo-x

i

o~
=

I

18 216

I

it
| —

— —
4

= (1+2x+2x2)(9—x)%

:(l+2x+2x2)(9)—% Q—

1 Solution [4] Mcluarin
dy . Some students are careless
dx Y in their algebraic
32 d n}an;pulations and
Ef—’: = 2y§ simplification of the terms.

d2
=2 28X _4

H dx2

f(x)=f(0)+ f’(O)x+El;f”(0)x2 +

iJc+Lx +2x+1—28-x +2x° ]

Some of the common errors
are:

d22—l+2 d
dx
)
=f(x)(9-
=) (9-x)

River Valley High School
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2 Solution [6] Rate of Change
(i} Not well attempted as
tan & = Dor students did not noticed
- that the adjacent length is
285x107"" = ————— D+r. While final answer
3.59x107 +r can be the same, due to the
1.02315+(2.85x10'm)r =r wrong understanding of the
102315 question, the marks are not
r= 28510 =1.02315 awarded.
— 2. X
r=1.023
(ii) d0 " Some of the students do not
dr —1.095x10 understand  the question
4D 4D de and do not know where to
— = start. They also failed to
dr Qng dt see the “small angle” to do
tang = the  approximation  for
G tan&. Like in part (i), they
r+D fatled to see the adjacent
Dl Sngth is D+
H——
é
o _-r
dg &
4D _dDdo
de  d@ di

%wk09ﬁx"§0"“)

=137911.35%3
~ 138 000 km/h

River Valley High School
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3 Solution [7] Complex Number
) I -1 —i)z =1=2i+i =2 Some of the students do
not know the different
2 =(1- i) (-20)=-2-2i forms of the complex
L number. Students can
28 =(1-1)(-2-2i) = 2-2i+2i-2= —4 simply s thair
calculators to evaluate
these answers.
Since one of the roots of the equation is 1—i Some of the students are
2= + p(l—i)’ +8(1—1)* + g(1-1)+4=0 careless in their working
. : i B and failed to get the
A+ p(-2-20)+8(-2D) 4 g(1-D)+4=0 correct answer despite
~8-2p-2pi—16i+g—gi+4=0 getting the correct
(—4=2p+@)+(2p-16—q)i=0 ......(*) equations.
Re: —2p+g=4
Im: =2p-¢g=16
p=-5
g=-6
(i) { As the coefficients are FHSFeaR compfes rootd¥oceur in | Quite a lot of the students

conjugate pairs,
- Another root #& z —sbas

22 =52 +84 - 6FpAB |z
[z-(1-1)] |
:[(z—1)+i][(é~%,1,g—§]fzz%@“z+b)

=( ~2z+2)(27" vt b)

By comparing coefficients :

2z 57 ~|-822—6z~!~4=(z2 —22+2)(2z2 +az+b)
2b=4=p=2

2q-2b=—-6=2a-2(2) = -6

Soa=-1

: i)]”[zm&{ﬁﬁ i)](Zz2 +az +b)
2t B + &;

f——

Solving for other roots:

2277 —z+2=0
I£J1-16  1+/-15
2(2) 4

simply state that z =1 +i
is the other root without
stating the reason or
giving the wrong reasons.

Some of the students
failed to simplify
correctly the equation
due to their handwriting.
Some of the students did
not use the quadratic
equation correctly with
the substitution of the
vartous terms.

River Valley High School
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The other 2 roots are

+ /15 . 1—15i
4

4

4 Solution [7] Sequence
(i) ¥ =2x-5=0 Generally  quite well
S attempted except some
B —(—Q)i\f(mz) —4{1)(-5) - careless algebraic
X= 2(1) T manipulations of the terms.
However some students did
na=1-v6, B=1+6 not indicate the values of
aand .
(i) 1 The work from the cohort
%, = (2%, +5)2 ts mixed with some
limx? , =lim(2x, +35) students not able to
- e ; understand the wuse of
SAT=245 x, =1 and x>/ as
=01 -21-5=0 n>»c and hence was
tnable to continue.
(11} From (ii), The understanding of the
P -2l-5=0 problem is mixed.
From (i), / = or / #73
Sincear <0 But %, >8, /> .
Therefore, I= 3 (sHpWn)
(iv) | Since 0<x, a g, This is not well attempted

- 2x, —5 <0 %efn graph
X <2x,+5
1

x, <{(2x, +3)2 =x,

R+l

since x, >0

x, <x,,, (shown)

as students did not read the
question carefully and did
not use the sign of y within
the stated region.

River Valley High School
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5 Solution [8] Abstract Vectors
(i) Based on the info provided, we have Generally well attempted
lal =1, |b| =2, except for some careless
| evaluation of the terms.
ash = bea = aljb| cos 60° =1x2x= =1
laxb]| =al|b}sin 60° nj = lx2x§xl =3
(i) Since AB:BP=2:1, by Ratio Theorem, Generally not weli

oB=1oi+20p
3 3
=308 =04+20P

:aﬁng—la
2 2

Area of AOBQ s 1 of the area of AOAR _

243
1 3 1 1
5"“"(5""?) ‘Eﬁ[éla

attempted by the students
as they failed to find

OP which is helpful to
obtain the area of AOBQ

(i)

We first note that since A, R and B are collinear,

for some peR, we have ﬂzyﬁ.

Then 6‘1?—62:;;(6?—52)

Thus, OR :52+;t(5§—5§)=a+ﬂ(b—-a)

Since L4O0R = /ROB, cos ZAOR = cos ZROB
O4-OR _ OR-0B

oo oo

as(a +u(b-a)) (a+pu(p —a))+b

l 2

Not well attempted as
students see the

LZAOR = ZROB as R is the
midpeint of 4 and B
instead.

River Valley High School
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2 (a-a + trash — ,ua-a) = a«b + tbeb — prash
2(|:¢||2 + praeh — gefaf ) =asb+ b’ — pash

2(1+,u:—pc)=l+4;z—,u
=>3u=2-1

1
==
# 3

River Valley High School
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6 Solution [7] Maxima and Mjnima
(i) v=08K —18%* +170h For students who used the
dv discriminant method, many
— =24k -36A+170 did * not consider the
d# coefficient of /2.
=2.4() -15h)+170 :
= 24((h-7.5) ~56.25)+170
=2.4(h-75) +35>0
Alternative (discriminant method)
_ 24K =36k +170
dh
D=p"—4qc
=(-36)" —4(24)(170)
=-336<0
. dv
Andsincea=24>0, — >0
dh
(it) . dE dFa dE dv ... | Though the differentiation
To find max/min set A =( , Zd.;wfz T afid sitice may be tedious, students

é)->0,sol\fe d—E—‘nE

dh =
- 1006(700)
7600’ %;ym7@)g
dE 200@@0012 {m_ﬂ
dv [7002; )}g
0 = 700 —
v =700

From GC, when v = 700
d’E

dv?
Therefore, E is a maximum.

=-2000<0

When v = 700

700 =0.8%" —18%* +1704
0=0.8%" ~18k* + 170k —700
h=10

who persevere tend to get
most of the marks.

Many did not use chain
rule to get relationship
between E, v and h.
Instead, students obtained a
relationship between E and
h that was quite messy.

Many did not check for
maximum. This to be done
through first or second
derivative test. In either
test, the values of the first
or second derivative must
be written down. Writing
merely >0, <0, /or\ is not
enough.

For first derivative test,
should check dE/dv at v =
699.5, 700 and 700.5.

Final answer is 10
thousand km. Many did not

River Valley High School
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Therefore height required is 10 000 km.

realise  that h is in
thousands!

7 Solution [9] AP GP
(a) | Amount in account at the end of Ist year:
1 Z0.05p+y
=1.05y
{(a) Year : Amount received in an account at || Generally, students did well
(ii) the end of the year: in this part, except a few
1 [0Sy who used y instead if 1.05y
7 i as the first term of the GP
[] D3y + y] x1.05 and led to a wrong answer.
=1.05°y+1.05y
3 [1.05°y+ 105y +y|x1.08
=1.05y+1.05 y+ L.USp
mth year
| =207 05 4520)
(Swn)
{a) 21y(1.05" 1) 818y Certainly more appropriate
{iil) . . o . to use “=" here, instead of
Since y > 0, we cin gagicel y on both sides “= since question said “at
21(1.05" -1 =15 least $15y™.
1.05" = E
7
n>11.05 (to 2dp)
After 12 complete years, Mary would have at least $15y
in her plan.
(b) | Atthe end of # years, the interest that Tom received: Many students might have

misunderstood the question.
The question was asking
about the total interest
withdrawn, not the total
amount left. Thus, the
factor 0.05 is crucial.

River Valley High School
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0.05(3x)+ 0.05(5x) + 0.05(7x) +...+n th term
=0.05x[3+5+...+nth term |

= 0.0SxB(z(?,) +(n— i)(2))}

=0.05x (2n + nz)

For students who listed
some terms and identified
the correct general form,
some were unable to apply
the sum of AP formula
correctly. Mistakes included
wrong formula, wrong first
term ‘or common difference.
A good practice is to
factorize out the common
factors so that you could
concentrate on identifying
the pattern in the remaining
terms.

Many also ended the
general form with < + __."
which said that the series
was infinite. The series was
infact finite!

River Valley High School
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8 Solution [9] Applications of Differentiation
(a) Let B be the foot of perpendicular from A to CF. Many left this part blank.
OF = Arc AF =rf Need to approach this part
By triangle ABC, AB = rsinf and CB = rcos . in the geometric way with
use of simple trigo.
x-coordinate of A = OF — AB = rf! — rsin#
y-coordinate of A =CF — CB =r —rcos¢ For Cartesian equation,
many tried but left answer
Thus, A(ré?—rsin &, r—rcosé’) in terms of #.
x=rf-rsinf
y=r—rcosy —> cost= -y
r
2 2
N —=(r— 2 o
o g YY) V2w
S S I
sx=reost LY [2ry— 7
r
(b)
(1)
(?) Most could integrate cos” ¢
(it) though some gave
[T e 50 2 3
=r L (l 22€0s tFcos t)dt J.cosz L= co;. t.
-
4 (27 ]
:r”j {lr2c05t+l+—c052tJ dt
" 2 2 Note that O=x<2ar
I3 1. a whereas 0 <t < 2.
=r7|=1-2sin{+—sin2t
2 4 0
=3ar’
9 Solution {9] Curve Sketching
(i) i X ix—2 Surprisingly quite badly
Given y = Tr we have done. Many students were

unable to determine the
inequality sign of the

River Valley High School
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" real roots.

dy _ (x+lc)(2x+l)—(x2 +x—2)(1)

dx (x+k)

X 42k +(k+2)

- (x + k)z
Then for the curve to have 2 stationary points, we need
dy

== 0 and hence, x° +2kx+{k+2)=0 to have 2 distinct
Thus, D =(2k) =4(1)(k+2)>0

4" —4k—-8>0

E —k-2>0

(k+1)(k-2)>0

So the required range of values of & is

discriminant for a graph
with 2 stationary points.

k<-lork>2.
R b x—2 4 Quite badly done as many
(i1) Sketch of y = 13 x-2+ E stiidents have missed out
the point C.

The x-intercepts are at points: A4(~2,0); B(1.0)

The y-intercept is at point C(O,—%)

The minimum pt is D(—1,—1); maximum ptis E(-5,-9)

(iii) We first note that for x> -3

Very badly done. Many

students were unable to

River Valley High School
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- 2xT—x-3<0
Sx X —2xT <x+3
=x (x2 +x—2)$x+3

2
x+x-2 1
_S_z

x+3 X
We thus add the additional graph of the curve

G :y=L2 for x e R\ {0}
X

F 3

\

A 4

!

|

|

|

|

I .
-1

|

!

|

From GC thle X goordigatcFofinferscitingpoints P and Q

are —2.07 and 1.5%zePectively,

Bt x —24%4,
x&E3 wox

Since when x =8, x* +& —2x* —x—3<0, the solution to

the inequality x* +¥=2x" —x-3<0 is -2.07<x<1.54.

Thus, for =27 <x<0or0<x£1.54.

manipulate the
expression/understand the
question to rearrange the
expression to obtain a part
of the expression similar to
previous part. Many only
divided the inequality with
x+3 and plot the wrong
graph.

There were also some who
failed to plot the wrong

1. .
y=— without extending
X

the graph beyond the
asymptote x = —3

River Valley High School

www.testpapersfree.com




13

|4

R = (%?—,27::’ < (0.00)= D, so fg exists.

| 10 Solution [10] Functions
(i) f(x) =sinx+x It is quite surprising that
£ | quite a bunch of students
(x) T eosx+ were unable to differentiate
Since —<cosx<1l, O<cosx+1<2. the functioncosx +1.
Therefore f'(x)20. (shown) Many were unable to
properly explain the reason
Hence whyf'(x}>0 from
Since f'(x)2 0, the function is an increasing function. —1Scosx<1.
Therefore f'is a one-one function,
So 7 exists.
Al i . .
Alternative Quite a few students wrote
A the vertical line test instead
of stating the correct one.
(ii) Since the intersections happen on the line y=x, we can | Badly done. Many either
solve f{x)=x for the intersections. left It blank or failed to
) realize the correct
SINX+x=x conditions required for the
sinx=0 values of £
x=kr,wherekeZ, k>0
(iii) Averagely done. Stili many

students were unable to
identify the correct range of
values for the function g.

Once range of function g is
incorrect, many hence were
unable to obtain the correct
values of the range of

River Valley High School
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fr T

D, (_oo,o);—i[

27 on
3

f
J|—> £+2,2ﬂ =R
2 3 ¢

composite function.

(v) | h7'f(2z)=h""{27)=-1 from graph

Quite well done.

River Valley High School
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Solution [12] 3D Vectors

© Line CA has Cartesian equation: 6~;x =y+8,z=0,
Then, X6_¥=C8) 4
-2 1
6 -2
= line C4 has vector equation r=| —§ |+ 4| 1 , AeR
0 0
Then we have:
6 -1 7
SA=04i-0S={-8|-| 0 |=| -8
0 2 -2
7 -2 2
n={ 8%/ 1 |=| 4
Most students are able to
-2 0 -9 h
. , fifd the normal of the plane
Thus, for vector equation of plane 8C.1 g Scaldd prgdlict 804,
2 —1 5
form, re| 4 |=
-9 .
. - A number gives the
So, the Cartesiag, eqifat equation of plane SCA in
2x+4y -9z -2 scalar product form instead
of Cartesian form.
A number of students are
0
not aware that | 0 is the
o -9 I
cosf =21
NN normal of the plane z=0.
f=264" :
(i) Let F be the point on the line (4 that is nearest to ptS
*5(-1,0,2)
! -2
E 1
1 L0
C F ] A

Then the SF is perpendicular to the line C4.
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Since F'is a point on the line C4,

and the coordinates of the poir® i are {-2.8,-3.4,D)

Alternatively

OF

262+:{? g
R e §V

=OA+( Serir )i o

It
|
OOOC\
+
——
P —
|
NOO‘___]
e e
-
5)-
S
!
o]
o
o -

6 -2} (-238
=| -8 +%= | |=|-36
0 0 0

Coordinates of the point F are (—2.8,-3.6, 0)

6 -2
OF =| -8 |+ 4| 1 | forsome 1R
0 0
6-—21 -1 7-24
We have SF =OF ~OS =| -8+ |-| 0 [=|-8+4]|.
0 2 -2
Then since SF is perpendicular to the line CA4,
T-21)(-2
—B+Ap 1 |=0=—-14+44-8+41=0
2 0
= 5A=2=1=44
6 -2
Thus, we have OF =| -8 |+44| 1 |=
l” ’

Some students leave this
part blank, not realizing
that point # on line C4 .
being closest to point S,
means that 7 is the foot
of perpendicular from S
on line CA.

Students who are aware
that they are tasked to
find the foot of

endicular, generally
score well.

For those who attempt
using this method, they
applied the projection of
vector incorrectly as

AF :(Eﬁuﬁ).ﬁ

Students should draw clear
diagram to avoid above
mmistake.

There are a number of
arithmetic mistakes.
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[ (i)

For plane OA4S, for its normal vector we have

6 -1 ~-16 4
O4x0S=|-8 x| 0 |=|-12 |=-4] 3
0 2 -8 2
4
Wetake n=| 3
2
Plane OAS contains the origin.
4
Plane OAS: r-|3 |=0 —— (1)
2

Let /., be the line that passes through F and N

2.8 4
by ir=-36{+pB3], feR - (2)
0 2

Sub (2) into (1):

224298 0

22
F=2

Sub 3= %3— into eqiw(2):

2.8 4
ON =| -36 +% 3
0 2

Some students failed to
realize that they have to
carry out the cross product

O4xOS to find the normal
of plane OA4S.

Some mistook 55, OF as
the required normal.

A lot of algebraic and
arithmetic mistakes.
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|7
- -OF]
-2.8 - 4 -2.8
= -36+—|3|-|-36
29
0 2 0
4
22 229 2 .
=—|| 3|=—— =—— units
29 ) 29 9
Alternatively
24 (1.2, 3.6, O)
n ]
]
e Plane 548
5(-1,0,2) :

Based on the given ToEnation, wetole thatthe point N is
the foot of the péypendiCulal from poin & 5 plane 04S.

For plan# ctapWe have
Y4
04 x 5§ = =43
2
4
Wetake n=| 3
2

We next note that the distance '“F"’“f\?[ = ’gf . n| .

So, we |??TV|:|§P‘" - :I(E)_ﬁ_b"g) . nl
2.8 -1 4
=[1-36]- 0 |} 3]Va2+37 427
0 2 2
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-1.8) (4
=|-36 3 |3
2 N2
[-1(1.8)-3(.6)- 2(2)
V29

22 4085297 ~ 4.09 units

V29

(v)

ASFN is aright angle A
with ZFNS =90°

2
co8 ZSFN =——
|75}

2 3
_.22 . 1.87+3.6°+27

vk

22

294202

Hence /SFN =cos™

= | =240

Alternatiyel§
The requi eris LSHN
Let & be th&¥equired anfle,
e P
then & is the ahglt betwgel FS and FN .

From (iii),
4
N =223
29
-1 -2.8 [.8
FS=0S-OF =| 0 |-| 3.6 =] 3.6
2 2 2
41/11.8 4 8
31-[36l=(3 3.6 § cosf
2 2 2

A number of students
failed to interpret the
context and mistook that
the question requires them
to find the angle between
the line £5 and plane OAS.
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22 (V29)[4202) cost

8=24.64" ~24.6°
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12 Solution [12] Differential Equations
0 dv =—y— Ay ——(1)
de
z= Lz assuming v# 0 ~—(2)
Vv
dz _dz dv
dt dv dt Most students are able to
=2 dv dz
== rove that — =2puz +21.
v dr P ar M
-2 . However some students do
= ( N J(“#" - 3"’) ——(3) not realize that
dz
—=2uz+2A is
SEI Y a
v supposedly a more
=2pz+224 (Shown) manageable DE to solve
than the original DE
| ~dz=[2ds dx i
HZ+ A =—r— AV .
1 o
—In|uz+A|=2t+¢ Many students failed to
H show clearly how the
Hz+ A =xeie modulus sign in
Zzﬁifzgimm lInl,uz+/?,|:2t+c is
bOH a ,
i P removed by stating that
Bt A8 fWhde AP e and B= -2 1.
7] i A=1t—¢e
i H
R
B+Ae™
1
Ve
NB+ A
(ii) As t—>o, v>0
(i) | If g=0.1, 1=0.08

1

¥ = ————- where Bz—i,
VB + Ae™ H
i
Y=
_ 0'08 +A€(0,2)|’
0.1
i
v=
4e°Y 08

Generally, the students
make appropriate
substitutions  using  the

provided values
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Subv=1, t=3,
|

JAe™-0.8

A=1.8e"¢
1

E:

V=

1 -8 e().3170.()_ 0.8

Many students failed to
adequately simplify the
final expression of v,
leaving it in the form

0.1
182206 _g

V=
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2021 H2 Maths Prelim P2

1

Solution [4] System of Linear Equations

Method 1

a(1-V3 i) +5(1=V3 i) +e(1-V3 i)+a=0
a(=8)+h(1-23 i-3)+c(1-VB i)+d =0
a(-8)+b(-2-2v3 i)+¢(1-3 i)+d =0

Thus, we have the 2 equations:
2b-c—-d+8a=0————— (1)

] 3. . 5
Also, since 5 is aroot for az’ +hz’ +cz+d =0,

{2 o o

2
—7a+21)+gc+d=0
g 4 2
= 18b+12c+8d +27a =0 % —— (3
Using GC

b=—:2]-a. c="Taand.d = 64

Quite  averagely  done.
Many students did not read
the question properly as
you were tasked to express
the answers in terms of «.
Many also  concluded

immediately that 1++/3 iis
a root and have gotten stuck
there. Some students did
not substitute the roots as
well into the equation.

Method2 _

Consider &' 57" +c7a3=0.

Divide througheat-by o then

AR A SRS 7 AL

where b'=£, c'——-E, d':g
a a a

Since 1—+/3 i is a root for the eqn z° +5'2* 1¢'z+d" = 0.
(1-5 E)3+b'(l-J§ i)l+c'(1—J§ i)+d'=0
(-8)+6'(1-23 i-3)+ ' (1-43 i) +d'=0
(-8-28"+c+d")+(-2b"-c W3 i =0

Thus, we have the 2 equations:
2b'—c'-d'= -8 ———— )}

b'+e'=0 —— e (2)

. 3 . ~ 3 '
Also, since > isaroottor z° +b'2° +c'z+d' =0,
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(E] b(éj §J+d'=0

2 2 2
2+ﬁ9—b'+§c'+d'=0

g8 4 2
=>18h'+12¢+8d'=-27 —-——— 3

Using GC to solve the above equations (1), (2), (3), we
have

b'v—%, ¢=7and d' =-6.

b:_za, c=T7aandd=—-64
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2 Solution [6] Summation with method of difference
i i H ,
M LHS=sin(p+l)9—sin[p~l}€ Quite W.e dolnej
2 2 except for quite a
1 1 | 1 number who has
= [sin pﬁcos;9+cos pésin 56’:' —[sin picos B £ —cos p@sin —2—6} forgotten the formula
-1 from Secondary 4.
=2cos pffsin _8=RHS (shown)
2
(i) L Quite badly done. This
Z! cos p6 is a very standard
o method of difference
. sin[p+]J8_sin(p—l]t9 question where many
_ Z 2 2 students were unable
. to identify. Some were
p=I -
Zsin 7 o also unable to identify
I i[ ( I AW the need to factorize
=——— > | sin p+—)9—sin[p—-—]6‘_
Jsin l = 2 2 ] out ‘ to match
2 2sin—¢
| 3 | 2
= —[sin S 0 —sin—0 the expression given in
2sin 1 g 2 the previous parts.
2
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(i)

32

D cos (p-2)8

" 30

= cosr@ (replace p by r+ 2)

3
= Zcosrﬁ—cos@—cos 20

r=1

[sin[30+l]9—sin-};9}—6056’—(:0529
ZSiHEQ 2 =

When 9:%,
Lo -3

1 ] T . @ b 2
sin| I5n+—~ |—sin—~ [—cos— — cos —
)4 4 4 2 2

2sin—
g_\@_{_ﬁ_ﬁ]q —(—!) =2l +1-9
2 2 2

Very badly done,
Despite going through

‘these types of

questions in tutorials,
many had trouble
identifying what to

-replace p with. Many
‘students also left this

empty; it will be good

'to expose yoursel{

more to limits-
changing types of
questions like this.
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Solution [8] Differentiation, tangent/normal

(2)

Note that 4y* —2(x~1}y=-1 is equivalent to
4y* +2y(l~x) =-1
Y +xy=—1
ALY IR 2Y (Ey)2 +x(2y}=-1
= 4y% +2xy = 1
Bplacex with=x - f07 4 2(_x)y —

=4y’ —2xy=—1
4y* =2(x-1)y=-1

C: replace x with x—t

W

A: Scale the graph parallel to the y-axis by factgr

b | =

B: Reflect the graph about the y-axis
C: Translate the graph | unit in the posi{i¥® x-difectitn

OR

.V3 FE—

A: replace p with 2y 3 élg Eﬂwj‘%ﬁ) —r_zéfﬁ?t
=4y #2545
proe Bl oy (% 1) e ]

C: replace x \\'iﬂ_ii?;t . zﬁxf}_ 2&{(3%\) + ])}, =]
=2y —2(x—1)y=~1

. |
A: Scale the graph parallel to the y-axis by factor 5

B3:Translate the graph 1 unit in the negative x-direction
C: Reflect the graph about the y-axis

Generally ok. Students

need to be careful with the
order of transformations eg
some perform translation of
I unit in positive x-
direction followed by a
reflection about the y-axis
which resulted in the wrong
expression

(—x—1)=—(x+1) instead
of the required —(x—l) .

To replace y with -2y, the
correct step-by-step
presentation should be a
scaling parallel to the y-

30, . |
;TaXls with scale factor E

followed by a reflection
about the x-axis and not
just a scaling parallel to the
y-axis with scale factor

l

2

Students should use the
correct terms like
transtation, scaling and
reflection in the description
of transformation instead of
general words like flip,
shift, invert, mirror, stretch,
extend etc.
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(b) V+xp=-1 Small number of students
(1) Differentiating both sides with respect to x, performed the implicit
£ P p ..
d  dy differentiation steps
2y—+ x—g +y=0 without equating the LHS
4 dx * to 0 in their derivation for
id (2 d
- ~.V+x) ==y expression for -2 .
dx pr dx
y__r
de 2p+x
(b) When y=a,a® +ax =—1 Generally no problem in
(ii) & +1 finding the x coordinates
- ) dy .
a and the expression of Exy_ in
b = __—az terms of a.
dx g9 +1
a
e a’ However, some students
= Eo1 i 7 did not substitute x in terms
Equation of tangent: %} a for 4 =—Y  and
2y+x
resulting in two “x”s in the
equation for the tangent as
needed.
b Comimon presentation
Eii)i) Asa—1,x > -2 and %—)oo. - P

The tangent becomes the vertical line x = -2

tangent = —oo

tangent tends to infinity
tangent tends to y-axis
tangent approaches
asymptote
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1 -
Since, —7 < E(ka - %J < &, using part (i) result,

k=-1,0,1

S
6

when k=0, w= 23‘[:3)

when k=1, w= 261\

when k=—1, w= 26{_

:%;[/ — Ze[{zJ

4 Solution [9] Complex Numbers
(i) i(g,m_iJ ,-[_E] i2t) Common error in verifying:
2 2} 24a
8e =8¢ e ¢ =cos@—ising
! ﬁE) iz 3
= 38[ z (el(“)) Many student did not
k
-2 mention that {7 ) = (1}
:86( 2J(1)k _( ) ()
and merely just stated that
— _r L if 24n—" f-E)
wé}(cos( 2J+lsm( ..D 86( 2)286[ 7
=8(0+i(-1))
=—81 (verified)
(it) ] T Many students veritied
< 3 2k~ 2 s value of & instead of
showing the range of
B P Dkn <3m+ L possible values of &, Some
2 2
2 2 . I 38
5 7 Just expressed k= —+—
4 4 and did not provide further
=k=-10,1 explanations.
(iii) By the Fundamental tHeo®eivs of Adadbra, the cubic | Some students stated that
equation will have 3fsots. the degree of the given
equation or the highest
power of w is 3
(v) Not well done. Many

students did not realise that
the result of part (ii) can be
used for this part. They did
not notice that

1 i(zm—ﬂ(é-]
w=_8e¢ =4 and
mistakes involved were
gither modulus of w is still

8 or the argument of w are
wrong value like

2(—1)ﬂ—£=*§7{ Z or
2 2 2
7 3
2ADr——==
(D 557

Some students attempted to
find the roots of the
eguation in algebraic way
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xs“%:f%

i
{
4

L & %
kS o B W
"*‘“"iﬁ : FA %

F e
B BY
A
W

by letting w=a+5i and
formed equation involving
unknowns & and &.
However, most of them
only managed to find one
or two of the 3 roots using
this method.

Some students did not
realise that the question
requested for roots in the
form re' and left their
answers all in g+ A7 form.

Generally, for students who
managed to find the 3
correct roots, there was no
problem in the drawing of
the needed Argand diagram
for the 3 roots.

v)

From diagram,
The 3 roots lie on |z|=2

Therefore, a=0 and r=2

Very few students showed
correct understanding of
the geometrical aspect of
the equation |z —al=r.
Majority of the students did
not realise that the centre of

circle was then the origin
and thus a should be 0.
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Solution [12] Integration & Application

(a)

Iln (a——x) dx:J-(l)(]n(a—x))dx
Letu'=1 = u=x

=1 - =
v n(a r) = v —

[in(a=x) dx=[(1)(in(a~x))d
:xln(a—x)—j(a__xdex
= xIn{a—x)- j(“ i a}ix

a—Xx

*xin(a x) x+a_[ dx

a—x
=xIn(a-x)-x—ah(@a—x)+o

=(x—a)ln (a—x)*x-l'ﬁ‘ (SHo®D

j[ln(a x j(l) ln(a—*‘-‘*.;r)

Letu'=1 = w=x
V= (]n (a— r))f%-’z:ﬁ v,_:uxa_:_ih'tfé?ﬁ x)
J. (]n (a - xgz dx

n(a-x) &

Jlna %) dr

e

~x(in(a- xkﬁfﬁ
:x(ln(a—x))‘+2]’[—1+
— x{In(a-))’ ~2a[ (in(ax) [

—2_‘.ln a t) dx

= x(]n (a—x)) —a(]n (a—x))

—2(x——a)[n(a~x)+2x+c

:(x—a)(in(a—;c))2 —2(x-a)ln{a-x)+2x+c

Varying standards among
all students.

Most students were abie (o
first apply ‘Integration by
Parts® method in finding

Iln(a—x)dx and

j(]n (a—x))2 dx.

However, many of them
did not realise the useful
step in rewriting

x .
in the

o
=—1+
0—X a—x

2" part of the integrating
process of both integrals as
shown in solution.

For J(In (a —Jc))2 dy,

commeon errors include:

J(In (a~-3c))2 dx

= 2_{]11 (a—x)dx;
j(ln (ar—x_))2 dx
= Uin (a—x)dx)l

which severely affected
answer for the [ater part

(b)(3).

Some students also got
mixed up with expressions
involving (x—a) and
(a—x)in the integrating
processes.
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(b)
(i)

ﬁ“‘{@?%ﬁﬂq(gﬁy) ) —2(y-6)In(6- y)+2y):|
= () (@ 2(-1)(0)+2(5)]
- E6)(In6)’ —2( (-6)In6+0]

=n(1042(ln6)+6(ln6)2)

No marks for students who
apply wrongly

volume = frj.yz dx as the
volume generated is about
the y-axis.

Other common issue with
this part involves careless
arithmetical mistakes with
the definite integral and
wrongly using the result for

J.In (a—x)dx instead or
wrong result for

J-(I" (arﬂc))2 dx in part(a).

There were also students
who quoted other wrong

formuta like ¥ =[x dy

or V = 271:'[05)(?2 dy.

(b)
(i1)

A=2J:x dy
5
=2.[0 ln(ﬁ—y) dy
=2[(»=6)n(6-y)-»T
=2[(-Dla(1)-5]-2[-6In(6)-0]
=12In6-10
Alternatively
y=6—¢"
When y=0, 6-e"=0=>x=1n6
When y=5, 6-e"=5=e = =2x-0
[

In6

= 6—e" dx
0

~[x] ~[er ]

=6In6-5

A=2x[6In6-5]
A=12In6-10

Many students only
computed

5
A =_[0 ln(6—y) dy or
Jolmsé —e" dx for this part.
There were also some who

did not give the exact
answer as needed.
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6 Solution [6] P & C
(i) 10 Many wrongly counted
mmmﬁmmmrzﬁwpwmo there to be 9 digits from 0
j to 9.
(ii) Let A, B, C be mtegers such that 0<.4<9, 0< B<9 and | Many failed to split up into
0<C<9, the correct cases.
Case I: Permutations of digits in the string AABBC Many did not DESCRIBE
10Y(3Y 51 THE cases clearly
Number of passcodes = — =10800
3 N2)212!
Case 2: Permutations of digits in the string AABBB
10y 2)
Number of passcodes = — =900
251 )32
Total number of passcodes =10800+900=11700
(i11) P(passcode contains repeated digit(s))

_ n(passcodes with repeated digit(s))

n(5 digit passcode)
10° -30240
10°
6976

=———=0.6976
10000

Most see that part (iti) is
related to part (i), and are
able to apply
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7 Solution [8] DRV
(a) 39 Students were generally
213 able to score well for this
P(X=2)= 5y~ = 5 (shown) question.
(SJ However, many students
used more complicated
X 0 | ) 3 methods than were
P(X = 9 kTL 7 3\/g required.
S 0 I EA TN s T
m—‘” ﬁ 44 (12] 2 12111098 213!
5
" 5 5 p32544 50
1211109 8 2121
3254351
2111098 212!
3243250
1211109 8 213!
(b) 7 71 Generally well done if
E(X):O(a +1 a Ve students  managed  to
= s e genetate the PDF in (a).
o) W =or S
m;. _‘ Some students forgot the
. formula for Var(X), and
Var (X) = B{ x5 [B( X)J%._ 0.5565%F 0.597 (to 350} | instead found ECD)
(©) E(2X—3j%*2(l ﬁs}ﬁg%,i_ogg Generally well done.
(ii1) '

The value of 2.3 givesdhe profit for each game.
Thus, the playe®vill b losing $0.50 for each round on
average in the long-rdn.

Students should try to be
precise and succinct in their
description.
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8 Solution [8] Probability
(i) Generally well done.
0.97 Not detective
A A small number put
0.65 0.03 Defective P(4nD) instead  of
0.96 NGtDefective P(D|A4) on the second
0.2 B < column of branches.
015 ao4 BPefective
0.95 NotDeféetive
C <
0:D5 Defective
(i) P (agprayer Kas manditactasng deféct ) Many students tried to use

20865 x 0.03:r 0.2 0:04 + 0cb5% 0.05
= 6035
P (I 5uFof Zsprayer® has manufacturing defect)

=(?]x0.03§;sé(1—0.035)

=0.06755

Alternative (Not advised, but this was a common method)

P (sprayer has defcet)

=P{ANA4,)+ P(AN B, }+ P(ANC,)

YP(BOA )+ P(BAB)+P(BAC,)

PO A+ P(C A B, )+ P(C~C,)
(0-65){0.97)(0.65)(0.03) + (0.63)(0.97) (0.2} {0.04} + (6.65)(0.97)(0.15}{0.05)

= +(0.2)(0,96)(0.65)(0.03)+[0,2)(0.96}(0.2)(0.04}4—(0,2}(0_96)(0.15){0,05) ®2
{0.15){0.95)(0.65)(£.03) + (0.15){0.95)(0.2){0.04) + (0.15)(0.95){0 15)(0.05)
135t .

" 20 000

the tree diagram to do all of
this question. Some were
able to do this, but many
lacked the accuracy to do
50. Common errors
included failing to account
for the order of selection,
and failing to account for
the event in which the same
type is chosen twice.
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(i) | P(2TypeC sprayers| Exactly 1 sprayer has defect) This question was not well
done.
N P(2 Type C sprayers and exactly | sprayer has defect) one
P(Exactly 1 sprayer has defect)) Most students were able to
"P(CCA, A defective)+P(C’CA,C defective) 1den¢_| fy that there was a
conditional probability.
| +P(CCB,B defective)+P(CCB,C defective)
N P{Exactly 1 sprayer has defect) Many students were not
- able to correctly identify all
!
(0.15%0.95)° (0.65%0.03) [iJ cascs.
+(0.15%0.05)(0.15x 0.95)(0.65x 0.97)5 31 Many students did not have
proper permutations of the
+(0.15%0.95)" (0.2x0.04) x ( J cases.
| +(0.15%0.05)(0.15x 0.95)(0.2x 0.96) 3! | Many students were not
= able to extrapolate the case
(3](0.035)(1 _ 0_035)2 in (ii) into the denominator.
1
=0.0711
B Solution [8] Binomial Disteibutian
(1) The event that John mafagesstonatiswer %@ultxplg~éhorce Generally  well  done,
question correctly #sindependefit of, hif % angyefing any | although students should
other multiple-choic8 qistions corgctly. not that events are
OR independent, not
probabilities,
The probabiity.of I6hn afi$weringa Guestion correctly isa
constant.
(ii) Let ¥ be the tdi@s@cé?% ofidéhn in the first 4 rounds.

Then ¥ ~ B(40,7685)

So P(Y >36)=1-P(Y <36)
= 1-0.8698312384
=0.130 (3s.f)

Generally well done.

Many students improperly
presented the Binomial
distribution.

E.g. X ~ B(40,0.85)

(which is not appropriate as

X is defined in the
question)
Some students had

P(Y >36)=1-P(¥ <35)

Some students incorrectly
attempted to apply CLT.
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(i) | ¥ ~B(10, 0.85)
Required probability = P(X, <9)xP(X, <9)

= (0.8031255956)°
=0.645 (3 5.1)

Generally well done. —’

(iv) | For X ~B(10, 0.85),
mean= pp=10x085=8.5
variance =np(l - p)=10x 0.85x(1-0.85) =1.275

Then for 50 shooting practice rounds,

— 2
X~ N(&S,]"?S
50

Hence P(E > 8.8) =0.0301 (3 5.f)

] approximately by Central Lim#=Thm

Alternative
Let =X+ X, +..+ X, ~ B(50030.85)

P(}28.8)= P(T > 440)
=1-P(7 < 439)
=0.319

Alternative:

Let 796 X, + = X,
Then E(T)&425, Vaff?)=4375

P( >8.8)=P(T 22140) = 0.0301

T~ N(425,6395) . approx’by CLT -+ n=50is large

Not well done.

Many students were not
able to apply CLT. There
WEre many poor attempts at
calculating the variance,
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i0

Solution [9] Normal Distribution

(0

Let £ : English marks for a P6 student in the district
in the exam. Then E ~ N(76, 52).

Let M : Maths marks for a P6 student in the district
in the exam. Then M ~ N(74, crz).

Given P(AM 2 85) = 1 , we
30
have P(Z > 85—74) = —l
o

1nvNorm(1/30,@, 1, RIGHT )
e 12 B33914637
|

Then, = = 1 833914637 = & 5.99809815 %
o o

The x-coordinate of the point of intersection is
=5.9981~6

Most students are able to use
standardization and InvNorm to
formulate the equation. However,
there are some who are still not sure
standardization and write

P(Z > 5 _2?4)

1 .
= ~— instead.
-

o h]

There are some students who use
the OR method but did not show the
working/graph to illustrate how
they arrived at the answer.
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(i) | F~ N(76, 25) Quite a number of students
. formulate the expression of the
M ~N(74, 36) probability wrongly:
2E+M ~N(2x76+74, 2 x5 +6?)
0.0359302655 %0 0333764484}(00197958]45
= 2E + M ~ N(226, |36) 0.0197938145 ]
) ' 7 They tend to multiply the numerator
Then the required probability with 0.0197.
B P(E> 85)>< P(M > 85)
© P(2E+M >250)
_ 0.0359302655x0.0333764484
0.0197958145
= 0.0605797075
=0.0606 (3 5.t}
(i1i) | We first note that: Fhis part proved to be challenging
X=E+E vE,+F,+E, ~ N(Sx 76, 5% 52) s quite a number of students either
) ' } ednsider P(X -Y <-30) only or
Y= M+ M, + M+ M, + M, ~N(5x74, 5x5")
) P‘fﬂa30<X—Y<30)
Thus, X—Y~N(10, 305).
Next, we have;
P(Jx -Y|>30)
=P(X -¥ <-30)+ P X “FF30]
=0.0109992317 + 0. 2606390
=0.137 (3 5.t
iv - YL This part is quit 1l done b t
v) | F N(?@;%ﬂﬁg is part is quite well done by mos

P(E > 80) = 02118553337

Let 4 denote” tHes niibersdT students out of n
students who scdre” mofe” than 80 marks in the
examination.

A~ B(n, 0.21 18553337)

P(4>4)>0.15

1-P(A<4)>0.15

PlA<4)<0.85

Using GC,
When n=13, P(4<4)=0.8792
When n=14, P(4<4)=0.8434

The least value of »n is 14.

| students except the last part when |

they interpret P(A4>4)>0.15 as
P(4>4)>0.15

1-P(4<3)>0.15
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Solution [14] Hypothesis Testing

(1) I. The production manager can prepare a list of all the | Most of the students got the
workers arranged according to alphabetical order of | idea of randomness and the
their name. and assigning each worker a number use of random number

2. Then the manager uses a random number generator to generator.
generate 40 numbers and pick out the corresponding 40
workers.

(i) Unbiased estimate for population mean is Most students know the
- Z(t- 15) -8 formula and  calculate
Unbiased estimate for population variance is

I 15 8
39
7
-7 =0.3948717949
195
(1) Let 2z denotes the mean time of the worker in assembling

the components for the electrical device.

Test H,:u=15
against H, : £ #15

We conduct a 2-tail test at 5% level of sigriificgnce

Under Ho, we have T ~ N [l 3, | dpprefumdtely

since » =40 is large.
That is the test statistics is

_ T-15
V77195 //48
Using GC, wg havé
p-value = 004442026414 0.05

: l)uafﬁproximﬁﬁy.

Thus. we reject Ho and conclude that at 5% level of

significance, there is sufficient evidence that the mean

Most students know the
steps of Hypothesis testing
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time for each worker to complete the assembly process has
changed and is not 15 minutes.

(1v)

*5% level of significance’ refers to the probability of 0.05
that the test concludes that the mean time for the workers
to assemble the components of the electrical device has
changed when in fact it has not.

Students need to answer in
the context of the question
and explain clearly. Quite a
number of them said it is
the probability that mean
has changed when in fact it
did not, which is incorrect.
Whether the mean has
changed or not we do not
know and it is the
probability of 0.05 act of
wrongly concluding etc

v)

It is not necessary for the production manager to afslime
that the time taken by a worker to completes the_asseribly
process follows a normat distribution.

Since the sample size is large, X is approxitely norma).

Quite ok. But still quite a
number of students said the
time will follow normal
which is incorrect.

(vi)

Using the available set of data fron#th& A6 randoirEchgsén.
we note that the p-value is 0.0441202641 for 2-tdiktest.

Thus in the testing of H& u = LS #gaisiét B <15,

the p-value will thefifbe haltihatof thePrevious¥alue. So
the p-value = 0.0220605321> 0.02

is insuffféieRt-eviderite thaftlie meahtime for the worker
to assemblethe compatients of the electrical device has
been reduced®

Quite ok for most students.

(vii)

For the 50 sets ofdita,

pli]

2.1, -15)

n=l

zi(:,ﬁIS)Jri(tn—ls)
=(=8)+(-h
=9

; variance.

This part proved to be
challenging as students are
not able to find the new
unbiased estimator for
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> (1, -15¥

n=}

=§(1ﬂ—15)3 + i(l ~15)°

n= r=41
= (17)+(0.26)
=17.26

Unbiased estimate for popu!ation mean is

. _2.(-15)

= +15=—= +15 14.82.
50 50

Unbiased estimate for population variance is

2 | Z(I—IS)Z—(Z(;;lS))l

§ =

501

49(17 26—( 9) ]

=0.3191836735

Test H,:pu=15
against H, : u <15

Test at 10002 levelFsigtifieands
Since n = 58 i@}gﬁggé’“, _
approximately.

03]918§ﬁ35
50

Using GC, we have
p-value = 0.0121334645

Since Hj rejected, a > 0.0121
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