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T,

AS Mathematics and Statistics

General Marking Instructions

It is very important that all markers should adhere as closely as possible to the marking scheme. In
many cases, however, candidates will have obtained a correct answer by an alternative method not
specified in the marking scheme. In general, a correct answer merits all the marks allocated to
that part, unless a particular method has been specified in the question. Markers should be patient
in marking alternative solutions not specified in the marking scheme.

In the marking scheme, marks are classified into the following three categories:

‘M’ marks awarded for correct methods being used;
‘A’ marks awarded for the accuracy of the answers;
Marks without ‘M’ or ‘A’ awarded for correctly completing a proof or arriving at

an answer given in a question.

In a question consisting of several parts each depending on the previous parts, ‘M’ marks should
be awarded to steps or methods correctly deduced from previous answers, even if these answers
are erroneous. However, ‘A’ marks for the corresponding answers should NOT be awarded
(unless otherwise specified).

For the convenience of markers, the marking scheme was written as detailed as possible.
However, it is still likely that candidates would not present their solution in the same explicit
manner, e.g. some steps would either be omitted or stated implicitly. In such cases, markers
should exercise their discretion in marking candidates’ work. In general, marks for a certain step
should be awarded if candidates’ solution indicated that the relevant concept/technique had been
used.

Use of notation different from those in the marking scheme should not be penalized.

In marking candidates’” work, the benefit of doubt should be given in the candidates’ favour.

Marks may be deducted for poor presentation (pp). The symbol@should be used to denote 1
mark deducted for pp . At most deducted 1 mark from Section A and 1 mark from Section B for
pp . Inany case, do not deduct any marks for pp in those steps where candidates could not score
any marks.

Marks may be deducted for numerical answers with inappropriate degree of accuracy (a). The

symbol @should be used to denote | mark deducted for ¢ . At most deducted 1 mark from
Section A and 1 mark from Section B for a. In any case, do not deduct any marks for « in those
steps where candidates could not score any marks.

In the marking scheme, ‘r.t.” stands for ‘accepting answers which can be rounded off to’ and “f.t.’

stands for ‘follow throuh’. Steps which can be skipped are shaded whereas alternative answers

are enclosed with jrectangles|.
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Solution Marks
X r
L@ G (1 +_j
a
_1 .
=1 +Lx * e ) (2)2 + IM for any two terms correct
a 2! a ,
=1+E+———r(r_21) x4
a 2a
So, we have r_ 2r and rr ;1) - -1 .
a 3 2a 18

Solving, we have a = 3 and r = L .
2 2

<1.

(i) The binomial expansion is valid for t%{

Thus, the range of values of x is _73 <x< 5

® 0 [(1-2) s1-de- Ly

-2x

(ii) The binomial expansion is valid for <1.

Thus, the range of values of x is :23 <X <% .

2. (@ Let u=2r*+50.

Then, we have d_u =4t .

d¢
N
- .[—-——2800’ _ dt
(2t* +50)
- 200
={—-du
5 |
=200 \ :
So, we have N = +C ,where C isa constant.
u :
Therefore, we have N = —:2—2—-0—0—— +
2t +50

Using the condition that N =4 when ¢=0, wehave 4=-4+C .

Hence, we have C =8 .
200

Thus, we have N =8 — ——— .
2t +50

26

1A for both correct

1M can be absorbed

3
1A accept |x|<—2-

IM for replacing x by —x

1M accept |x|<%

1A

IM

1A

IM for finding C
1A




Solution

Marks

(%)

Alternative Solution

Let u=2v2+50 .
Then, we have du =4vdv .

{ 800v
V]t = L—z—_mdv

1A

50)2
212450
J‘ 2020 u IM For substitution
U
212450
{ 200} 1A For —20
u
N _4o_T200 200 IM For using N(0)=4
2w 450 SO
ic. N:S——foo : 1A
2t° + 50
(b) When N =6, wehave 8 — 2200 = M
27 +50
So, we have =5 . 1A

The number of bacteria will be 6 million 5 days after the start of the research.

1-e**
(@) y=
4 1+
dy  (1+e*)(-4e™) - (1-¢")(8e™)
dx (1-1—@8/‘)2

When x =0, we have —d~y~=—2 .
dx

1M for quotient rule or product rule

1A

Alternative Solution

1_e4x

l+e
Iny = In(1—e*) = In(l + %)
ld_y__4e4x 888)‘

ydr poet 14t

d_y_l—e4x _4e4x_ 8@8,\'
de 4B

8x

I—e* 1+e¥

~ _4e4x B 8(1 — e4x)e8x

1+ e (1+68X)2
When x=0 , d—y:_—4—0=—2
dx 1+1

IM For log differentiation

1A
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Solution Marks
(b) (i) Since (z2+1)e** =e®F*  wehave In(z2+1)+3z=a+ fx . 1A
(ii) Since the graph of the linear function passes through the origin and the .
slope of the graph is 2, wehave a=0 and f=2 . 1A for both correct
(iii) In(z® +1)+3z=2x
2 d
= 43=22
z°+1 dz
Therefore, we have Ei-x— = i 1A
z|,_, 2

Note that x=0 when z=0 .

Also note that EZ =-2 .
dx 0
dy
dz 120

_|d] [ dx
dxlx:O dz

N

1M for chain rule

1A

o L2
1— 66,,+2]n(,, +1)

- = 2
l+812h+4|n(z +1)

1-(z* + 1)
Tlr ()

(14 (22 + 0% ) 6(27 +1)2e" —2(22 + D(22)e" )
dy == 1265 122 1 ) e + 4G 4 )P 22)e )
dz (142 +1yte)

LV

dz 20

1A

IM for quotient rule or product rule
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Solution Marks

4, (a) (i) Notethat 5.1<5.3 and £>0 .

Hence, we have 53=4k-1.2 .
Thus, we have k£ =6.5 . 1A

53=k-12 or 53=51-%
So, we have k=6.5 or k=-0.2 (rejectedas k>0).

Thus, we have £k =6.5 . 1A
(ii) Stem (units) | Leaf (tenths)
112 8 9
211 1 2 3 4 4 9 IM+ 1A
316 7 9
417
511
615
(iii)  The mean
=3.05 hours 1A (accept 3.0500 hours)
The median
=2.4 hours 1A (accept 2.4000 hours)
(b) The revised mean is greater than the mean obtained in (a)(iii). 1A
The revised median is the same as the median obtained in (a)(iii). 1A
The change in the mean is positive. 1A
There is no change in the median. 1A
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Solution

Marks

s.

(a)

(b)

(c)

P(4' A B)
=P(B| A)P(4)
=0.3(1-a)

P(4' N B)
=P(4'| BYP(B)
=0.6b

Hence, we have 0.65=0.3(1-a) .

Thus, we have a+2b=1 .

P(ANB")
=P(B'| A)P(A4)
=0.7a
P(4 U B")
=1-P(4'n B)
=1-0.6b
Note that P(4wW B')=P(4A)+P(BY-P(4ANB') .
Hence, we have 1-0.6b=a+(1-5b)-0.7a

So, we have 3a=4b .
Solving a+2b=1 and 3a=4b, wehave a=04 and =03 .

1 either one P

1M for complementary events

1A for both correct

P(ANB’)
=P(B'| A)P(4)
=0.7a
P(AU B")
=1-P(A'~B)
=1-0.3(1-4a)
=0.7+03a
Note that P(4U B')=P(A4)+P(B)-P(4NnB") .
Hence, we have 0.7+03a=a+1-6-0.7a
So, we have h=0.3 .
By (a), we have a+2(0.3)=1 .
Thus, we have a=04 .

|
|
|
[}
[}
|
[}
[}
[}
t
I
|
i
M !
i
[}
I
1
[}
|
[
[}
[}
1
i
i
i

IM for complementary events

___________________________

Since P(ANB)=P(A)-P(4dnB'), P(4)=04 and P(4nB')=028 ,
we have P(An B)=0.12=(0.4)(0.3) = P(A4)P(B) .
Thus, 4 and B are independent events.

IM for relating P(A N B) and P(A)P(B)
1A fit.

Since P(A)=a , wehave P(ANB)=P(A)-P(AnB)Y=a-07a=03a .

With the help of P(B)=0.3 , we have P(An B)=P(A)P(B) .
Thus, A and B are independent events.

IM for relating P(A4 N B) and P(4)P(B)
1A fit. s

Since P(A'|B)=0.6 , we have P(A|B)=1-P(4A'|B)=1-0.6=04 .
With the help of P(4)=0.4 , we have P(A|B)=P(4) .
Thus, 4 and B are independent events.

IM for relating P(A| B) and P(A4)
1A fit.
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Marks

(a)  The required probability
1,43
= (Ta)(g)(g)
1
60
2 0.016666667
~0.0167

1A for numerator or denominator
+ 1A for all

1A

a-1 forr.t. 0.017

The required probability

(T

1

1A for 1¥ blacket + 1 A for all

- 1A
60
~ 0.016666667
~0.0167 a-1 forr.t. 0.017

The required probability

_[a)e
a’ e

1

1A for 2™ blacket + 1A for all

__ 1A
60
% 0.016666667
~0.0167 a-1 forr.t. 0.017

The required probability
_R'P
P}lo
1
" 60
= 0.016666667
~0.0167

1A for numerator or denominator
+ 1A for all

1A

a-1 forrt. 0.017

(b)  The required probability
1 5.,5,4
= et (— ) —
<0 (10)(9)(8)
7

"4
~0.155555556
~0.1556

IMfor (p + g +r+s)+1Mfor

using (a)
1A

a=1forr.t. 0.156

The required probability
_1,cq
T 60 C1’°C29
7
%
~0.155555556
~ 0.1556

IMfor (p + g +r +s)+1Mfor
using (a)

1A

a—1 forr.t. 0.156
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Marks

The required probability
_1 RP
60 P°
7

45
~0.155555556
~0.1556

IM for (p+q) + IM for using (a)

1A

a-1forr.t 0.156

The required probability

4 3.6 2,45

—(Ta)(9)(8) (10)(9)(8)

7

" 45
~0.155555556
~0.1556

IMfor (p + g +r +s)

2A

a-1 forr.t. 0.156

The required probability
CC | GIGE
=008 T 10,48
GG GG
7

T4s
~0.155555556
~0.1556

IMfor (p+q+r+s)

2A

a1 forrt. 0.156

The required probability
_BR  RR'R
- PO P
7

=E |
~0.155555556
~0.1556

IMfor (p + g+ r + 5)

2A

a-1 forr.t. 0.156
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Solution Marks

g 20

7. @ e dim X2 g x g
x—to x4+ 4 Xt 1+i
X

the equation of the horizontal asymptote to C} is y=8§ .
lim f(x)=+w and lim f(x)=-o
x4~ x4t
the equation of the vertical asymptoteto C; is x = —4 .
The x-intercept of C, is 5.
The y-interceptof C; is —-10 .

y
1A for all the asymptotes of C,
g 1A for all the intercepts of C,
_____________________________ Yoo 1A for the shape of C,
C: y=1f(x)
0 5 X
-10
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Solution Marks
. x+ 42 (x+5
) () g= L)
, (x+4)(x-2
g - 2 D =2)
8
g'(x)=0 when x#-4 or x=2
" 3(x+D
x)=—"+-
g ==
g'(x)=0 when x=-1
x x<—=4| ~4 | -d<x<-1| _j “l<x<? 2 1x>2
g 0 - - - 0 +
| - | - - 0 e
=27 -27
X 7 0 N — N = 7
g(x) Z 5
Since g'(2)=0 and g"(2)>0, 1M for justification ~----------
i
the coordinates of the relative minimum point are (2, _—57) . 1A eitherj one
¢
[}
Since g'(-4)=0 and g'(-4)<0, ]
the coordinates of the relative maximum point are (-4, 0). 1A
<0 if x<-1
Since g"(x)< =0 if x=-1, IM for justification
>0 if x>-1
the coordinates of the point of inflexion are (-1, —%—7) . 1A
(i) C,:y=f(x), where flxy = 32240
x+4
4 (x-
C,:y=g(x) , where g(x) :W .

Note that f(x)=g(x)
8x—40 (x+4)*(x-5)
x+4 8
& 64(x-5)=(x+4)>(x—5)
o (- 5)((x +4) - 64)= 0
< x=0 or x=5
So, the coordinates of the points of intersection are (0, ~10) and (5, 0) .

Also, the y-intercepts of C; and C, are -10 .
When f(x)=0, wehave x=5 .

When g()c)zO , wehave x#-4 or x=5.
So, the x-intercept of C, is 5.

Also, the x-intercepts of C, are —4 and 5.
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Solution

Marks

(_470)

y

(©)

I

~

~

The required area
o5

(F(x) - g(x))dx

0

27
2, T)

e e

'S(Sx—40_(x+4)2

Jol x+4 8

..05 {(8 ) x7+24) ) [%3

5
3 2

8~ 72In(r+4) -] 2+ 23X _jox
328 2

32 4

25 442
32 2

55 )

33.95677443
33.9568

(x—5)]dx

2
+—3—xé——‘3x—10de

0

35

(5,0) x

1A for the shape of C,

1A for all the extreme points
and the point of inflexion
1A for all the points of intersection

0
1M accept J; (g(x)-f(x))dx

1M for division

1A for correct integration

1A

a-1 forr.t. 33.957




Solution

Marks

8.

(ay (i) The total profit made by company A4
6
- j f(£)de
0

~ %( £(0)+£(6) + 2(f(1) + £(2) + F(3) + £(4) + £(5)))

~37.48705341
~37.4871 billion dollars
(i) f@)=In(e' +2)+3
LLONNCES
dt e +2
d*f(s)
dr?
_ (' +2)e' €' (")
(e +2)?
_ 2¢'
(e' +2)°

d ()
dr?

Since >0, f(f) isconcave upward for 0<1<6 ,

Thus, the estimate in (a)(i) is an over-estimate.

. 1 1 2 1 U
(b) (l) 2:— l+—+ +i =t —f"
40 —¢ 40 40 1600 40 1600 64000

" 1 l 1
(i) Note that & =1+t+—1>+—r +—¢* +... . Hence, we have
2 6 24

8¢
40 - £*

Y (L W L NS | CTFPLIL S DE B VLS
40 1600 64000 2 6 24
I 1 21 , 23 3 263 4
=t "+
5 5 200 600 24000

(iii)  The total profit made by company B
6
S COL
0

61 1 21 , 23 5 263 4
”J‘ —t =l ——t"——1 +———1" |d¢
0\5 5 200 600 24000

1 1 5 7 3 23 4 263 5
==t —t"—1"+ t*+ t
5 10 200 2400 120000

=41.8224 billion dollars

6

0

(c) Since the estimate in (b)(iii) is an under-estimate, we have
6

6 .
J.f(t)dt<37.4871<41.8224< J-g(t)dt .
0 0

Thus, Mary’s claim is correct.

36

1A withhold 1A for omitting this step

1M for trapezoidal rule

1A a-1 forr.t 37.487

1A

1A pp-1 for omitting * --- °

IM for any four terms correct

1A pp-1 for omitting ¢ --- ’

IM

1A for correct integration

1A a-1 forr.t. 41.822




Solution Marks

9. (@) AW)=(-1*+5t+a)e +7
Since A(0)=3, wehave a+7=3 .
Thus, we have a=-4 . 1A

The required amount of water stored
= (-1 +5-4)e" +7

=7 million cubic metres 1A
---------- @)
(b) AW =(-2+5-4)e"" +7
dA(1)
dr
=(-2t+5) (=12 +51-4) (ke/”) IM for product rule
(ke (Sk-2)1+5-4k )
Note that when =2 |, dA() =0.
dt
So, we have 2k+1=0 . 1M
-1
Thus, we have k= 5 1A
---------- )
(¢) (i) When A(t)27 , we have

—2+51-420 1M accept setting quadratic equation

1?5t +4<0

1<t<4 1A (accept t=1—>1=4)

Thus, the adequate period lasts for 3 months.

il
(i) Notethat A(f)=(—t>+5t—4)e? +7 .
2 -
So, AD _| 9 41,2
dt 2 2
dA . .
and @) =0 when t=2 (rejectedsince >4 ) or t=7 . IAfor ¢t =2or7
A <0 if 4<r<7
!
d() =0 if =7 IM for testing + 1A
t

>0 if 7<1<12

So, A(t) attains its least value when =7 .
The least amount of water stored
= A(7)
~ 6456447098
~ 6.4564 million cubic metres 1A a—1 forrt. 6.456 million cubic metres
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Solution

Marks

=1

Note that A(f)=(—t2 +5t-4)e? +7 .

2 -t
SO, géSQm: l—'—2£4'7 32
dr 2 2
and dA(t)=0 when t=2 (rejectedsince t>4 ) or t=7.
d2A()
dr?
I LN L +(t——)e2
4 4 2/

2
d A1) 2.0

dr?

Therefore, we have = %e

=7

Note that there is only one local minimum after the adequate period.
So, A(Y) attains its least value when =7 .
The least amount of water stored
=A(7)
~0.4560447098
~ 6.4564 million cubic metres

(iv)

1A for t = 2or7

IM for testing + 1A

1A a—1 forr.t. 6.456 million cubic metres

dZA®)
de?
2 -t -t
= __t_ &__7_ 62 +([__je2
4 4 2
2 -t
[_t_ 1_318]
4
~f
Since M:—i—((t—%f—%)ﬂ >0 for 10<£<12 ,

A()) increases, within that year, after the adequate period has ended for 6 months.

d*A(r) :—_1((t_§)2 41

—t
> —le?2 <0 for 10<r<12,
dt 4 2 4
decreases, within that year, after the adequate period has ended for 6 months.

Since

dA()
dt

38

P e e e

either one
]
|
i
|
|
|
i
E
[}
1
e
IM for considering the sign--------
i
1A ft. either one
|
[}
I
1A fit




Solution

Marks

10. (a)

(b)

(©

(d)

(e)

6]

The required probability
040,24 gl 24 942,724
=1 = += + =
0! 1! 2!

~ 0430291254
~ 0.4303

Let $§ X be the expense of a customer.

Then, X ~N(375,125%) .
The required probability

=P (300 < X <600)

_ P(300—375 <7< 600-375

125 125

=P(-0.6<Z <1.8)

=0.2257+0.4641

=0.6898

)

The required probability
=(0.25)(0.6898) + (0.8)(0.5 ~ 0.4641)
=0.20117
~ 02012

The required probability

3 24
~ -2—'4;—(0.201 17)°
~0.00170163

= 0.0017

The required probability

4 24
0.00170163+(0.20117)* (ﬂi_}

41

~

0.430291254
% 0.004431931
~ 0.0044

Suppose that the revised least expense is $ x .

Then, we have P(X >x)=0.33 .

So, we have P(Z 2 ﬁ_—_i’/_S_) =0.33 .
125

Therefore, we have -{1——2357—5 =0.44 .

Hence, we have x =430 .
Thus, the revised least expense is $ 430 .

39

IM for complemeantary events
+ 1M for Poisson probability

1A a-1 forr.t. 0.430

IM ( accept P(3OO_375 <7< 600—375))
125 125

1A a-1 forr.t. 0.690

IM for 0.25(b)+0.8p , 0< p<0.5

1A a-1 forr.t. 0.201

3 -24
IM for 2'4?‘:@)3

1A a-1 forr.t. 0.002

IM for numerator using (c) and (d)
+ 1M for denominator using (a)

1A a-1 forr.t. 0.004

---------- 3)
1A
1A
IA
---------- 3)




Solution Marks

11. Let X g be the net weight of a can of brand D coffee beans.
Then, X ~N(300,7.5%) . '

(a)  The required probability
=P(X <283.5 or X >316.5)
=P(Z <M or Z >M) IM (acept Pz < 28357300 3165300, )
7.5 7.5 75 7.5
=P(Z<-22 or Z>22)
=2(0.0139)
=0.0278 1A a-1forr.t. 0.028
---------- @)
by () The required probability
=(1-0.0278)'1(0.0278) BB () L S — ,‘
=~ 0.020387152 i
~0.0204 1A a-1 forr.t. 0.020 !
I
1
i

(©)

(if)  The required probability

IM for ;')z(a)
_ 30, 29 30,1 829
=} (1-0.0278)°7(0.0278) IM for C{°(1-p)” p-——--- ( either onc)
~0.368195889
~0.3682 1A a1 forr.t. 0.368

(i)  The required probability
~(1-0.0278)*° +0.368195889
~0.797404575
~0.7974

(i) The required probability
~ %(0.368195889)

=0.184097944
~0.1841

(i)  The required probability
_0.184097944
" 0.797404575
~0.230871443
~ 02309

40

1M for ((1-p)3° +q) + 1M for g = (b)(ii)---

1A a1 forr.t. 0.797

1M for %((b)(ii))
1A a-1forrt. 0.184

IM for numerator using (c)(i)
+ IM for denominator using (b)(iii)

1A a-1 forrt. 0.231




Solution

Marks

12.

(a)  The required probability

FEHEEE)E)

15625
=0.327936
~0.3279
(b) The required probability
JEE-EE
===+ =1|=|+=]]|= I+
5)\5 5)\5 5/\5
411
5AS5
2
(3]
5
4
9
'~ 0.4444444444
~ 0.4444

(c) The required probability
4 5124

9 15625

T4
9
4096
T 15625

=0.262144

=~ 0.2621

IM for geometric probability

1A

a1 forr.t. 0.328

I M must indicate infinite series
and have at least 3 terms

IM for summing geometric sequence
1A
a1 forr.t. 0.444

IM for numerator = (b) ~(a)
+ 1M for denominator using (b)

1A

a-1 forrt. 0.262

The required probability
5124

_q_15625
4
9
4096
T 15625
20262144

=~ 02621

IM for complementary probability
+ IM for denominator using (b)

A

a—1 forr.t. 0.262
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Solution

Marks

(d) @) The required probability

1.3 1
= (5)(7) + (5)(1)
5

7
~0.714285714

~0.7143

1M for either case

1A

a-1 forrt. 0.714

The required probability
1 4

== (=)=
(2)(7)

5

7
~0.714285714

0.7143

1M for complementary probability

1A

a1 forrt. 0.714

(i) The required probability

:1-—-2
7

2

7
~0.285714286
~ (.

IM for 1-(d)(i)

1A

a1 forrt. 0.286

The required probability
1, 4

= ()=

(2)(7)( )

1M for denominator = (2)(7)

1A

a-1 forr.t. 0.286

(iiiy  The required probability
4.2
_ (5)(;)
4.2 4 2
(5)(3) +(1- 6)(1 - 7)

8
"33

~ 0.2424242424
~0.2424

42

M for Pq
pg+(1~-p)i-q)
p={(b) o {p=(d)(ii)
g = (d)(ii) g=(b)

+ 1M for {

1A

a-1 forr.t. 0.242




