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READ THESE INSTRUCTIONS FIRST

Write your name and class in the boxes above.

Please write clearly and use capital letters.

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

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

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

Do not tear out any part of this booklet.

Give non-exact numerical answers correct to 3 significant figures, or
1 decimal place in the case of angles in degrees, unless a different
level of accuracy is specified in the question.

You are expected to use an approved graphing calculator.

Where unsupported answers from a graphing calculator are not
allowed in a question, you are required to present the mathematical
steps using mathematical notations and not calculator comrnands.

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

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

Question
number

Total

This document consists of 22 printed pages and 2 blank pages.
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A: Pure Mathematics |40 marks)

0 3
@) The equation 32° - 7. +17z 4 m = 0, where m is a rcal constant, has a root
2=142i. Find the value of m,

Hence lusmg an ‘algebraio method.

{z - 7‘ +17z4+m =0. Show your working clearly.

13 3
(i) f ence? solve the equation —>_ = 72 LN 0, giving your answers in the
>>>>>>>>>>>>>>>>>> w w

form a+bi, where abeR. T s -

Solution

(i) Since z=142i isa root,

3(142i) ~7(1+2i) +17(1+2i) 4 m=0

3(-1 1—2i)—7(—3+4i)+17+34i+m =0

S+m=0

m=-5

3z’—7z’+17z 5=0

{ Comfented [KW(W1]: Method

Stucfents shiould not use the GCto fnd the roots‘
g “e question requues an algebralc method

e mented [KW(WZ] Method

Students are requued to use the answers in (|) to
solve () : -

‘ (z -2z+5)(3z k) 3z -72*+17z+m

‘ Comparing, 5(-k)=-5

k=1

(2—(1+2))(2—(1-2i))(32-1)=0

sz=1+2i1-2i, 1
3

Alternatively,

Since coefficients are all real, so z=1-24i is also a root.

=(2-(1+2i))(z-(1-21))(32-k) =32 =722 +1724+m=0

(2 -22+5)(32-k) =322 =72 +17z+m

Comparing coefficients of z

-2(=k)+15=17

k=1

(22 -2z+5)(3z-1)=0

Comparing, m= 5(-1) ==5

Sz=1+20,1-24, 3

3
(ii) —3—,+ l,-+£+5= 0
W w w
3 7 17
——————— 5=0
w w w
3 7 17

' Commented [KW(W3| Concegt
Some students did not recogmze that the "
coeff aent of 2 is 3 and wrote z- k |nstead

.Some others d»d not know how to express the

e ghest power is 3 S0 there should only be 3‘




S w w

*-==1+2ior ~—=1-2j or ks s

|
r

T Relative to the origin O, the points 4, B and C have position vectors a, b and ¢
| respectively. It is given that A and 4 are non-zero numbers such that Ja + ub — ¢ = 0
j andi+y=1.

| ) Show that the points |, B and C are collinea, B3]

[ g b

gb}%s known to be lobmse}md that H =2,

(i) If k denotes the area of triangle OAB, show that (a- b)z =4(

N

D is apoint on the line segment 4B with position vector d.

(i) Itis given that area of triangle OAB is 6 units’, [b|=10 and fhat AOD is 90']

By finding the value of a-b, find d in terms ofaandb. [4]

. | Commented [LT7): Question Reading

[_Commemzd [LT8]: Misconception

[Turn Over

{ Commented IKW(W4): Concent

| Note that the sign for the first and third term

| should be positive so substitution should be -1/
instead of 1/w. =

Cbhll!ié[iled [KW(‘VS‘[: Concept
'Some students did not know. how to simplify

——— and —-

IR

Commented [LT6): Misconception ;
Some confused it with the concept of coplanar.
A, Band C are collinear means 3 points are on
the same straight line while 3 points being
coplanar means they are’on the same plane.

Itisimportant to note that Ratio Theorem is not
a method to prove that 3 points are collinear. It

is a résult that works on the basis that the 3 |
points must be on & line before having the
position vector of the 3™ point to be expressed in |
E& form taught in the lecture notes.

Some used the angle OAB or ABO when it should

l’ .| be AOB. Note that the requirément for dot

product is ta have the vectors to be converging

|
or diverging. |

—

Many students did not realize the implication of
having the angle to be obtuse means that
a-b<0

Commented [LT9]: Question Reading

Some drew the wrong diagram where it was

interpreted as .4D0 is 90° i

=

L



i
Solution
@)
iy
AB=b-a
-
AC=c-a
=Aa+ub-a
=(A-Na+ub l
=-—pua+ ub l
= u(b-a) \
|

Since AC u AB for some nekR, and‘A is'a common pomt? therefore 4, B, C are
collinear.

-3 N

k= %l-“h"sin 6|, where @ is the obtuse angle between a and b

= lbl2 sin’ @

|
\
k* =‘hl1 (l—cos2 9)

v o -8B

' |
\ b '{ (lallb\” \\

A Commented [LT11] Musconcegtlon \

— )
{ Commented [LT10]: Presentation of Answer |

{
Presentation OF ATLZ=Z
Many did not make mention of the common .

pomt between the two vectors used. J'

Incorrect to write it as k = E(; xb)or - .

k‘=‘lab asboth Aand b are vectors.
2 2ot

:>[a+/l(b—a)]-a-0 for some 1eR

oD 1sperpendlcularto OA - \

KCommented (LT 13] guesnon Readmg

Many did not use the fact that pomt Dlineson
the line AB

=(1-2)|af" +(b-2)=0

4(1-2)+2(b-a)=0 \

i)

(a-b)" =4(10*-6)

[}
FSEQ
®
+

W |-
o

:

| Commented lLTl4] Misconception .
Some thought that dot product must always g
nse toa posmve value which is incorrect. The
correct def‘ nition should be

a.b= \aub{coseooose—

lal\b\

- |a-b
And not cos8 =|—— . We only use
\la\lbl\

cosé ﬁ\ﬂ\ if we are told that the angle is
[allb|

acute or when we are trying to find acute ang




5
Ws(imﬁon u=1+x" to find J‘ xel™” — dx 4]
\_/l +e"
Tex?
(@ii) Curves C) and C; have equations y = xe”* - L and , - X6 1_
2e 1+ 2e
respectively. The region bounded by the curves C and C», the y-axis and the
linex =1 is R. Find the exact area of R. B1
3
(b) The shape of a vase is formed by rotating the part of the curve x= ’%
y© +
between y =0 and y =1 through 27 radians about the y-axis (see diagram
below). Find the exact volume of the vase formed. [5]

P Commented [TCKIS] Presentation’

There is no need to rep]ace xby +u—-1.
Slmply replace 2xdx. by du.
AJternauvely,

'[\/l+e d-l 'f\/+e" d“du

I ——du

/1+e1,x 2x- .

=I;'_ld,, :
Vi+e*2 -

[Turn Over

| Do not forgci to inclt_xﬂe constant of integration,

|

J




(i) Area= -[’[\/1+—_ 2 ]de‘o et

|'Commented [T CK16]: Concept

H |
1+el¢x 1 :]
A 2e 2e

—Jﬁ?JxT

) Volume— ( X
_ 1= 2y
"J SFT I

2y 1
- d
J.o(y 27+ 2y2+1)y

_n[y?z—%ln(l-klv )+T “(w/_y)l

1 1 1
=7| ===In3+—=tan"'V2
”(2 2 f)

A D
%
Il 9 //"
1
B Y /c
S S P
,I
. e 7
/ /
P '/ ’/
’ /
’ s
’

The product engineer of a factory crafted the design of a rectangular box, using a
right pyramid, that is shown on the diagram above (not drawn to scale). The
rectangular box is contained in a right pyramid with a rectangular base such that the
upper four corners of the box 4, B, C and D touch the slant faces of the pyramid, and
the bottom four comers lie on the base of the pyramid. O is the point of intersection
of the two diagonals, 4C and BD.

The height of the pyramid is 32 units, the length of the diagonal of its rectangular
base is 12+/2 units, the height of the box is b units, where b < 3+/2 , and the angle
AOB is Oradians. It is given that the box is made of material with negligible
thickness.

 Area of region is bounded by upper curve C; and
‘lower curve C; from x=0to x—l Hence the
me1.hod K 7

j(c ~Gi) dr=[C, di[ G dx

Many are not famnhar with the techmque to

mtegrale xe

Carel_ess mlsta,ke

Manylb’okf-as

2¢’ _2:‘
Commented [TCK17] Mlsconceptlon
Volume is not 27[[ x*dy or lr_[ x dy or -

!

I x dy (many left out 7 ):

Careless mistakes g .
—-y+1

—————— to partial
2y2-+1>_ P

Many did not reduce

ﬂ'aéﬁohs con'ect]y

'Mariy applied the techmque in MF26 wrongly as’
-seen below:> ; ;

I A RS
s
f;-yz_+1 %

Zldaig
J W)
= % tan™ (—\/?] (wmhg)

The correct way is

BN Rl
dy=— ¥
J2y3+1y 2[y2+§ 4
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() By finding the length of OA4 in terms of b, show that the volume ¥ of the
2
rectangular box is given by V =8b(3\/§—b) sinf.

[3]

For the rest of the question, it is given that ¢ = —’35

(i) Find the exact value of b which maximises V. Hence find the cost of

manzufacturing one such box if the material used to make the box cost $0.03 per
unit’,

[6]

When the height of the box is at half the height of the pyramid, it is reducing at a
rate of 2 units per second.

(iii) Determine whether the volume of the box is expanding or shrinking and find the
rate at which this is happening.

[3]

Solution .

(i) Let OA = x and V= volume of box

By similar triangles, Z(WXES & 3{3%" =>x= 2(3\/5 - b)

|V =ABxBCxb|

) G

=2[2(3V2-5 ]zsinG

V=8b(3J§-b)’ sin@ (shown)

| Commented [ABK19]: Strategy i

(ﬁ)|V=4J§b(3J5 Qb)‘
& i[-w(E-0)e(E-e) |

[Turn Over

-1 C ted [ABK18]: Appproach

For the volume of the box stated, quite a numbe]
of students use the following:

V =4x Area of AAOBxb . Since this is a
‘show’ question, a detailed explaination is
needed why they formula is used. Anything based
on assumption (even when the result is obtained)
s not acc;pleg. -

In differentiating V with respect to b, some
students expanded the RHS into a cubic
equation. This is not efficient because when
solving dV/db=0, we have to factorise again.

Please think about the time constraint of the 3 |
hour paper. t




8V _ 4J3(3v2-b)(3v2-3b)

@

For stationary point,

|4J§(3ﬁ—b)(3ﬁ— 3b)= 0)

—b=+2or b=32 (rejected since b<h)

d?:_z’_=4@[_%(_1)+(3ﬁ—b)(—2)+2(3ﬁ—b)(—l)}

=4J§[6b—|2ﬁ]
=243(b-2V2)

da’v
l db’ b2

=-24J€<0!

Thus ¥ is maximised when b=+/2 .

BC=4(3JE—J5)cos%=4JE
AB=4(3ﬁ—ﬁ)sin%=4Ji

ost =003x2[ 446 (42) +V2 (446 ) +V2 (42|

=$4.64

-{ Commented [ABK20]: Misconception

When solving dV/db=0, there should be 2 values
for b and one of it will be rejected due to the
condition given in the question. Some students
in the process of solving and factorizing will
cancel the factor (3ﬁ— b) . This should not be

done. It should still be considered for part of
the solutions obtained. When needed, it will

then be required to be rejected properly.
e e e e

| Commented [ABK21]: Inadequate steps

When proving whether b = J2 gives the
max/min volume, we can use (1) 2" derivative
test (2) 1% derivative test (sign test). Notice that
the value of the 2" derivative test need to be
quoted as part of the answer.

Students who did using the 1% derivative test
(sign test), a number failed to quote the values.
Values must be quoted to indicate that the slope

is either +ve or -ve.
\ e

| Commented |[ABK22]: Question Reading/

The question asks for the cost of material used to
maximise the volume. Material used is

dr

=43 (3J‘ -%ﬁ)(sf -—%ﬁ)x(—Z units/s)

b=3V2

=363 units’/s

@iy 8. 4V db

dt_db dt Interpretation
When p = %ﬁ .

dv

dependent on the SURFACE AREA of material
and NOT the volume. A number of students
found the volume and use this to calculate the
cost.

> 0, the volume of the box is expanding.
-2

Since ﬂ\'
dr

Section B: Probability and Statistics [60 marks]

together.

Two families, each consisting of an adult couple and three children visited a carnival

The 10 people went to queue for a ride randomly in one straight line.

(i) Find the probability that members of the 2 families stand in alternate positions in

that queue. (2]
If the ride is made up of two identical circular carriages of five identical seats each.
(ii) Find the number of ways the 10 people can be seated if not all the family members

are seated together in the same carriage. 3]

Solution




[ . .
(i) Required probability =

9

2x51xs' - 2x57 x4 x3? %2 x|’

(ii) Number of ways = Total number of ways without restrictions — number of ways
where each family sit together

Ao 'me ited IKSML’:] Strategy 4

Many re :r{_’(o,slottmg Notice here if slomng is
fused you can only slot m consecutwe positions

Method 2:
Case 1: 4 from one family, 1 from other family
*Cx*Cx(5=1)!x'C, x *C, x (5-1)!=14400
Case 2: 3 from one family, 2 from other family
Cx °Cyx (5=1)1x2C, x *Cy x (5-1) 1= 57600
Total = 14400 + 57600 = 72000

In a soccer practice, the coach instructs the players to practise their penalty kicks. A
player scores if he successfully kicks a ball into the net of a goal post. The probability

that a player scores on the first kick is ? For all the subsequent kicks, the
probability of scoring on that kick will be l;- if the player scores in the preceding

kick, and probability of scoring on that kick will be % if the player did not score in

the preceding kick.

(i) Owen kicked the ball three times consecutively for his practice. Find the
probability that he scored on the third kick, [Five

hat he scored only twice out |

of the three kicks. B
(ii) Three players each kicked the ball four times consecutively for their practices.

Find the probability that one of the players scored on all four kicks, another

player scored on the first kick only, while the remaining player only scored on

the second and third kicks. (3]

Solution

(i) P(scored on third kick | scored on only two of the kicks)

_ P(scored on third kick and scored on only two of the kicks)
P(scored on only two of the kicks)

P(SS'S)+P(S'SS)

" P(SS'S)+P(S'SS)+P(SSS")

[Turn Over

bers for groups of same Sizen, you \‘
by n' to'to remove multlple-

constdered P!enty |gnored that




. \57576) (s 65)
21 1) (3.1 4).(2 ixl)
[3*5*3}(3"6*5 58S

~0.593 (3s.f)

(i) Required probability =[P(SSSS)

ATy e

=0.00109 (3 s.£)

Grade A and grade B sugar produced by a company are packed and sold in packets.
The mass of both grade A and grade B sugar sold follows independent normal
distributions with mean 2.05 kg. The standard deviation for the mass of a randomly
chosen packet of grade A and grade B sugar are 0.025 kg and okg respectively.

If the probability that the mass of a randomly chosen packet of grade B sugar being
less than 2 kg is 0.01,

(2

(i) show that the value of ¢ is 0.021493 correct to 5 significant figures.

It is given that the profit per kilogram of grade A and B sugar sold is 50 cents and 40

cents respectively.

(ii)  Find the probability that the total profit of three randomly chosen packets of
grade A sugar is higher than three times the profit of a randomly chosen packet
of grade B sugar by not more than 65 cents. 3]

(iii) Two packets of grade A sugar and n packets of grade B sugar are selected at
random. Find the smallest value of n such that the probability that the mean
mass of these packets being less than 2.06 kg is at least 0.97. 3]

Solution:

(i) ILet X and Y be the random variable denoting the mass of a packet of grade A
and a packet of grade B sugar respcctivelyl

Y ~N(2.05,5%)
P(Y <2)=0.01

:>P(Z<2 205) 0.01

2-2.05
=

=-2.32635
o
= 0=0.021493

~| Commented [ABK27): Inadequate working

The problem of NOT DEFINING VARIABLES
clearly still persists. Students are to take note
that defining variables clearly is not only a
requirement but also serves to provide clarity
for themselves in solving such a question.

()  Let C=(50)(X, +X,+X,)-3(40)Y

E(C) =3(50)(2.05)— 3(40)(2.05) = 61.5

Var(C) = 3(50)(0.0252) + (3% 40)*(0.021493?) =11.33957
Thus C ~ N(61.5,11.33957)
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P((SO)(X, + X, + X,) = 3(40)Y) < 65)
=P(C<65)

=0.85068

=0.851 (3 sf)

@(iii) Let T be the mean mass of two packets of grade A sugar and n packets of

grade B sugar.
T=X,+Xz+)’,+)'z+...+Y"
n+2

{
|

|
|

025 021493
B(1)=205 an Var(r)= 200N OO0

P(T<2.06)2097

=z, >1.88079

|
J
J

0.01

s, >1.88079
2(0.025*)+n(0.021493%)
(n+2)

Using GC, n216 .
Therefore, the smallest possible value of n is 16.

[NORMAL FLOAT AU
PRESS + FOR aTbl

X=16
Alternatively,
n P(T <2.06)
15 0.9699(<0.97) |
16 0.9736(> 0.97) |
17 0.9768(> 0.97) |

Therefore, the smallest possible value of n is 16.

In a public swimming centre, the time spent by a randomly chosen user in using its
facilities is 7' minutes, is known to be normally distributed. The centre manager
claims that its users spend an average of 50 minutes to use its facilities. To check this
claim, time spent by a random sample of 60 users were recorded. The data recorded

has an average of 47 minutes and a standard deviation of 16.4 minutes.

|Turn Over
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(i) Find an unbiased estimate of the population variance, giving your answer
correct to R deéimai places,

(i) Test, at the 5% significance level, whether the centre manager overstated the
average time spent,

—

Solution

9

Against Hy: p < 50,0 (Centre manag

Using GC, p-value = 0.0799976609 = 0.0800 (3 sf)

(iii)  Another sample of size n (n>30) that was collected independently 19 n(?w us.ed
totest, at the 5% significance level, whether the centre manager’s claim is va!ld.
For this sample, the mean time taken is 46 minutes. If the result of the test using
this information and the unbiased estimate of the population variance in part (i)

is that the null hypothesis is rejected, find the least possible value that n can
take.

(i)  Unbiased estimate of the population variance

si= ;'—0(16.4’)= 273.5186441 % 273.52 (2 decimal places)
(ii) Let the mndom Variable T denote the time s ent in minutes
facilities and lv denote e popuation mean tinse &
i’a’cilin_e,s;;._w___A___.__“_N_k_

To test Ho: p = 50.0

er is overstating the claim)
Conduct a one-tail 5%

Under Ho, {—

l_=47

Since p-value = 0.0800 >
5% level of significance t

manager’s claim is valid

Critical Region: z<—1.959963986 orz 21.959963986

Test Statistics, Z=

. _ _460-500

| Commented [CKJ29]: Presentation of Working

Lexel of significance, ie, a=0.05

average time spent.
(iii) Using two-tailed test at 59

% significance level, to reject null hypothesis, zcq.
must lie inside_the critical region.

T-50.0

T_— ~
2735186441 ~NO. 1)
L n
Zaale = <-1.959963986 or 46.0-500 21.959963986
;273.5186441 f273.5186441
n

\ﬂ\

*| Commented [CKJ28]: Question Reading

]
Many students did not leave their final answer in ;
2 decimal places as required in the question: 1

Many students did not define the symbols used
in the question.. - CRR

1 ICKI30]: Common Mistakes - |
fany students quoted Central Limit Theorem to
be applied:in their working. As the'distribution of

stribution, this will also imply T

distribltion: &

|

Commented [CKJ31): Presentation of Working
Students should define H,and H, clearly at the-
start of their working. T




13
- an - 4n
Tore——<-1.959963986 or ———Y" 51059963986
V2735186441 V2735186441
4 >32.41466658 or  4n £-32.41466658 (rcjected)
n 28.103666645
n> 65.669

Since 71is an integer, the least possible value of » it can take is 66.

(@) A random variable X has a binomial distribution with 7 = 10 and probability
of success p, where p
() Given that P(Y'Z

and find this value numerically. 2]
It is given that p = %
(i) The mean and standard deviation of X are denoted by 4 and o
respectively. Find P(4 —o <X< i+ ), correct to 2 decimal places. | [3]
(b) Mr Chua attempts an online sudoku puzzle each day. The probability that he
manages to solve a puzzle on any given day is 0.75, independently of any other
day.
() [Fi puzzle ori the eighth day.of his | [2]

énted [CKJ33] ;ThIS questnon was weII

(i) Find the probability that, over a period of 8 weeks, Mr Chua manages to
solve at least 4 puzzles each week.

[2]

Solution

(@)@ X ~B(10,p)

P(X=30r4)=0.2

PX=3)+PX=4)=0.2

C,p’(1-p)’ +"°C,p*(1-p)° =02

p) +210p*(1-p)*=0.2

attempted Student ere famlhar in solvmg this
 type of questuon )k

gp 0570(re_]ected p<0.5)orp=0.163

(a) (ii) X ~B(10, —)

ronofln 7R

P(H-0 <X<p+s)

=P2- \/—<x<2+\f)

»Commented lCKJ34] Common Mistake
Some students attempted to solve the equation
algebralcally They falled to realnse that they
Were supposed to GC to solve the equatnon
gr’aphlcany

=IP(0.73509'<X:<:312649)

=P(1sX<3)

=P(X<3)-P(X =0)

=0.77175

=0.77

(b)(i) Let.X be the random variable denoting “the number of days in which Mr Chua
solves the puzzle out of 7 days”

X ~B(7,0.75)

[Turn Over

® Commented [CKJ35]: Common Mistake

Many students attempted to standardize to find
the probability. They failed to realise this is
questlon on Binomial Distribution, not Normal
Distribution. -
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Required probability = P(X =2)x0.75

= 0.00865 J

(ii) Lt Ybe the random variable denoting *the humber of weeks in which Mr Chua
solves the puzzle at least 4 times out of 8 weeks"

Y ~B(8, P(X = 4))

Y ~ B(8, 0.92944)

P(Y=28) = 0.55690 = 0.557
Or  (0.92944) = 0.55690 = 0.557

10

A bag contains nine numbered discs. Three discs are numbered 3, four discs are

numbered 4 and two discs are numbered —1. h‘wo discs are drawn simultaneouslyl,_
The sum of numbers on them, denoted by X, is recorded.

~{ Commented (CKJ36]: Presentation of Working

1
Many students did not know how to define the |
|

random variable for binomial distribution. ~ -~
ln:appr'oprﬁate letters such asz, Nwereusedin ..
definition of randomvariables. i

-1 Commented [KSX37]: Question Reading

() Find the probability distribution for X, ‘ B3] This means there is no replacement of disc. J
Hence total number of outcomes is NOT 81.
(i) Find E(X) and Var(X). |
(iii) T_wo independent observations of X are taken. Find the probability that the
_ d}ﬁe{ence between these two values is at most 5. E)]
(iv) Fifty independent observations of X are taken. Find the approximate probability
that the sum of these fifty observations is between 250 and 260. (3]

(i) Probability Distribution of X:

x -2 2 3 6 7
PX=x)|2 1 |i4.3_2
) ;XE 2x-’9—x§ inxg }—xl 2xix§
i 98 9.8 | T 9.8
-1 ] -2 2 =L 1
36 9 12 —5

(i) EX) = (‘2X%]+(2x%]+(3x%)+(6x%)+(7x§)+(8x%)

=59£m 5.1111%5.11(3s.1.) ‘ —\

E(X%)= [(-2)2 xglg}u(z’ x%)+(3’ x%)+(62 xfi}u(# %){sl x%)
=29
9

Var (X) = E(X?) - (E(X))*

_ 295 _‘(ﬁ)’
9 9
o iy
81

‘ | Commented [KSX40]: Strategy

(@) P(X, - X,| <5) = 1 - (X, - X[ 2 6)

=1-(2P(=2, 6) + 2P(=2, 7) +2P(-2, 8)+2P(2, 8))

-| Commented [KSX38]: Many students failed to )
consider two cases (-1,3) and (3,-1).

Strategy
Total probability should add up to 1.

| Commented [KSX39]: Careless Mistakes
/| Some students knew the formula but did not find
this value ;orre;tlv.

Listing down all the 28 possible cases is not
recommended. For those who use this method,
few obtain the correct answer,

Using the complementary cases to find the
answer is a better strategy.
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(iv) Since n = 50 is large, by Central Limit Theorem,

3 ;
LetT= X +X,+..+ Xy~ N(SOX%,SOX%) approximatel

2300 26950

T-N[=Z2,
( 9 8l

) approximately

11

Research is being carried out to study the degradation of a herbicide in soil. The
concentration (in percentage) of the herbicide in the soil measured over a period of
120 days is recorded. The observations are listed in the table below. It is given that
one of the observations has been recorded wrongly.

Number of days (d) 20 40 60 80 100 120
Concentration (c) 60 57 41 36 33 31

() Draw a scatter diagram to illustrate the data and circle the incorrect observation,

- Commented [KSX41]: Misconception

Students assume X follow normal distribution.
Strategy

Students know that X can be approximated to
normal distribution but do not know how to
proceed. Students could have considered finding
P(5<X <52).

By central limit theorem, if n is large, when X
follows non-normal distribution,
X, + X, +...+ X, can be approximated to

. | normal distribution as well.

It is thought that this set of data can be modelled by one of the following formulae
after removing the incorrect observation.

Model A: ¢* =a+bd

Model B: ¢ = ge?*

(3]
For the rest of the question, you should exclude the incorrect observation. |
(ii) Comment on whether a linear model would be appropriate, referring both to the Commented [KSX42]: Conceptual
scatter diagram and the context of the question. [2] Understanding

There is not need to do this:
P(T <260)—P(T < 250) because on the GC,
the function allows you to key in lower limit and

upper limit, since T is a continuous random
variable.
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By calculating the product moment correlation coefficients, explain clearly |
which of the above models is a more appropriate model for this set of data. l3]J
Use the model you identified in (iii) to find the equation of a suitable regression ‘

hng and use your equation to estimate the concentration of the herbicide in lhe
soil after 140 days.

L | () Comment on the reliability of the estimate obtained in (iv).
\(‘ﬂ) Give an interpretation of the vertical intercept of the regression line obtamcd

1

in (iv) in the context of the question.

Sohmon

1
(20, 60)
60 X
50
40 x
x (120,31)
30 X

>

o 20 40 60 80 100 120

17 (iii) [From! the scatter diagram | (after removing the outlier), as  d increases, «

¢ decreases. \
at a decreasing rate. 4\
Also, the concentration of the berbicide will not decrease indefinitely and become a \
negative percentage.
Hence a linear model should not be used to model this set of data.

\

[Turn Over

{ mmmted [SH43]: Recommendation

1. Appropriate scale and labelmg of the axes
| 2 Correct plot with coordinate of the end point
| must be labelled.
| 3.Correct identification of the outlier - by
| circling as per question requirement
I

1 Student who did not draw/ use the space weil (3

| of the space provided) to draw a well scaled

! diagram faced difficulty in identifying the outh
correctly.

l For this topic, good graphing skills is imporan

| minimize potential mistakes early.

i This must be done well. Easiest way to score
| marks.

|

l

Commented [SH44]: Conceptual
understandm

Referring to the scatter diagram

1 Describe the trend of the scatter diagram
establish the difference when it is a linear
model.
\Aany students described the scatter diagrar
“as d increases, ¢ decreases.”. A linear mod
also described in the same manner (one wit
negative gradient). So, to show distinction
between the 2. We should describe it as
decreasing in a decreasing rate.

Re(err'mﬂ_ to the context of the question
2. Do not predict the trend of the scatter
dlamm as we do not have the data poin
out of the data range. So, we should kee
answers to establishing if it is a linear 1w
then it should be decreasing indefinitely
will generate negative values for conce
Which is not possible based on the con
the question.
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(iif) 'psinﬁ GC, 1, =092958 while ,==09782L.

Since the rva]uefor modelBlscloserto _]1 than model A, model B is more

appropriate for modelling this set of data.

@iv) ¢ = ae*

lnc=Ina+bd|

FomGC. mc=d1696-00066478d

Inc=4.16—0.00665d

When d =140, lnc=4.1696—0.0066478(l40)

¢=25.5059~25.5

) 'I'he estimate is unreliable because the data substituted is outside the data range
[20,120] fand so the linear relationship between d and In ¢ may not hold. }

(i) Initially, the concentration of herbicides in the soil is$4.7%. | ... .. ]

{ Commented [SH45): Question reading

" | correct model with |r| is closet to 1. Well done!

: Commented [SH47]: Things to note

For calculation of (iii)

1. Outlier/ incorrect observation must be
removed before calculating the r value for each
of the model.
Many students did not omit this (40,57) from
their calculation thus providing incorrect r-values
for their models. Show your GC answers up to 5sf
then give final answer to 3sf.

Majority of the students did well in choosing the

—

{ Commented [SH46]: Things to note

Many students did not know how to linearise
(c=ae™ ) to Inc=Ina+bd . And calculating
the value of ¢ posed a problem for many.

1.State the date range clearly for the examiner
and add on to say that the trend may not hold
and thus the estimate is not reliable.
2.Extrapolation is a process — of using a data
point(out of the data range) to calculate an
estimate. It doesn’t warrant as an answer for
marks to be awarded.

Commented [SH48]: Things to note

1.Initial concentration of the herbicide in
percentage

2. Finding the y— intercept when d=0.
3. Give your interpretation is required to show
understanding. Giving answer alone is not
sufficient.

|




