Raffles Institution
2 H2 Mathematics
| Solution for 2015 A-Level Paper 2

Section A: Pure Mathematics

Question 1
No. Suggested Solution Remarks for Student
@) 32m Note that we need

16-1h>0

G | dr_16=ah [10(16-1h)" dh =[ds

dt 10
:%JM—%h =t+c
> 7
s t=b—-40,16—3h where b=—c

h=0whent=0=5b=160
Thus, t =160—-40,/16 -1 A

Half its maximum height, that is, 2 =16

we have £ =160-40,/16 — £ (16) =160~ 40:/8 ~ 46.9 years
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Question 2

Remarks for

Any point, R, on L has position vector,

1+24
OR =| —2+31 | for some A e R.
—4-641
1+24-2
‘ﬁfe‘:@ =l —2+31-5||=/33
—4-61+6

= J(24-1) +(34=7) +(2-64)" =33

=427 =42 +14+92> - 4221 +49+4-241+364° =33
= 491> -704+21=0

=71 -10A+3=0

=(74-3)(A1-1)=0

:ﬂ,:i or A=1
7

No. Suggested Solution Student
1 2
L:r =|-2|+4 3 |,4€eR
—4 —6
@ 2)\(1
3 90
L1-6)10 ) .
Acute angle = cos =cos —=73.4
2|1 7
30110
—6 )|l 0
(ii) 2
OP=| 5
—6

2|Page




S|

1+2 3
—2+3G] or OR=| 2+3 1

\ —4-6) (-10
of;
7

13
7
BEE
7
46
7
[ 13| (17
3 7 7
O—R'zl 1 |+ 3 — 1
2 7 7
—10) 1 46 58
I 1) U7
(iii) 2-1 2 1 2 -36
542 (x| 3 |=| 7 x| 3 |=| 2
—6+4) \-6) (=2) |-6) (-11

Required plane is —36x+2y—11z=-36(2)+2(5)-11(-6)=4.
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Question 3

No.

Suggested Solution

Remarks
for Student

1
fix>——,xeR, x>1
1-x

(@)

Method 1:

>0 forx>1

f'(x)=

2
1-x

Thus, f'is an increasing function for x > 1. Thus f has an inverse.

Method 2:

Sketch graph of f and explain using horizontal line.

(i)

1
Lety=
Y 1

(b)

2+x
gixH—, xeR, x#+l
X

Lety:12+x

2

:>y(1—x2):2+x

:>yx2+x+(2—y):O

For the equation to be defined, discriminate > 0,
thus, 1—4y(2—y)20

4y -8y +120

4(y*-2y+1)-320

4(y-1) =320

(2v-2-43)(2v-2+43)>0
243 2-3

oryST

>
YT
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Question 4

No.

Suggested Solution

Remarks for
Student

(@

Let P, be the statement
rzn;r(r+2)(r+5):%n(n+1)(3n2+31n+74) for neZ".
For n=1,
LHS=ir(r+2)(r+5)=1x3x6=18

r=1

RHS == (1)(1+1)(3+31+74) =2 =18 = LHS

Therefore, P is true.

Assume P, is true for some keZ", i.e.
k
Zr(r+2)(r+5):%k(k+l)(3k2+31k+74)

r=l1

We need to show B, is true, i.e.

%r(r+2)(r+5):é(k+1)[(k+l)+1](3(k+l)2+31(k+1)+74)

r=1

For n=k +1,
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k+1

Z (r+2)(r+5)

r=

k
=Y r(r+2)(r+5)+(k+1)(k+1+2)(k+1+5)
r=l1

ék(k+1)(3k2+31k+74) (k+1)(k+3)(k+6)

:lz(k+1)(k(3k2+31k+74)+12(k+3)(k+6))

k+1 (3k3 +31k% + 74k +12k> +108k+216)

k+1 (3k3+43k2+182k+216)
(

(k+1) k+2)(3k% +37k +108)

1

:E(k+1)(k+2)(3(k2+2k+1)+31(k+1)+74)

:%(k+1)[(k+l)+l](3(k+l)2+31(k+1)+74)

Therefore B, = B, 1s true.

Since P, is also true, P, is true for n€Z" by Mathematical

Induction.
(b)(i) 2 B 2 1 i\ 1
4r* +8r+3 (2r+1)(2r+3) 2r+1 2r+3

(i)

1

r=l1

11

35
1 1

5 7
I 1

7 9

1
+
2n—1
1

2n+1
1

n 2
Z4r +8r+3_;(2r+1 2r+3

1

C2n+l

1

2n+3

1

T3 2043

J
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(iii)

‘—————‘<10‘3 = <107

2n+3
=n>498.5
smallest n = 499
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Section B: Statistics

Question 5

No.

Suggested Solution

Remarks for Student

®

Not possible to obtain the sampling frame, that is, not possible
to get the list of all customers, with their age, who patronize
the supermarket.

(i)

Assume manager wants to get opinions of 10 customers from
each of the following groups (by ages)

Children: Below 12 years old,
Teenagers: 12 to 18 years old,
Young Adult: 18 to 35 years old,
Mature Adult: 35 to 50 years old,
Above 50 years old.

Approach the first 10 customers who are willing to provide
their opinions using a questionnaire.

(iii)

As mentioned in (ii), we are approaching the first 10
customers who are willing to provide their opinions. We will
not obtain opinions of those who are not as vocal.
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Question 6

Let W be the number large packets, out of 15, containing at
least 30 red sweets.

W ~B(15,0.14935)

P(W <3)=0.824655 ~ 0.825

For 9758 syllabus:
Without using approximation for P(Y >30),

W ~B(15,P(Y >230)), that is, W ~ B(15,0.14954)

P(W <3)=0.82407 ~ 0.824

No. Suggested Solution Remarks for Student
G) Let X be the number of red sweets in a small packet of 10
sweets.
X ~B(10,0.25)
P(X>4)=1-P(X <3)=1-0.775875~0.224
(i) Let X be the number of red sweets in a large packet of 100
sweets.
Y ~B(100,0.25)
. . Be sure to check the
Since n=100 is large, and np=25>5 and n(1—p)=75>5, | conditions and state the
approximate distribution
Y ~N(25,18.75) approximately. used.
P(Y =30)="P(Y =29.5) by continuity corrections
=0.14935~0.149
if) | For 9740 syllabus: For 9740 syllabus:

Exam report suggests
that students need to use
answer from (ii), as the
only answer given is
0.825.
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Question 7

P(W <2)<0.05
P(W =0)+P(W =1)<0.05
e " +1.3ne"" < 0.05

e (14+1.37)~0.05<0 ...(1)

Solving (1) using GC graphically or table of values,

leastn =4

No. Suggested Solution Remarks for Student
(i) | Number of errors per page are assumed to remain constant
uniformly.
Errors occure independently between pages of the newspaper.
Let X be the number of errors on one page. X ~Po(1.3)
() | Y=X+X,+X,+X,+X;+X,~Po(7.8)
P(Y > 10) = I—P(YS 10) =1-0.83523=0.165
(iii) | = X+ X, +..+ X, ~ P0(1.3n) To avoid careless

mistake, we should also
use the original
inequality,

P(W <2)<0.05, to

check the answer.
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Question 8

No.

Suggested Solution

Remarks for Student

Let X be the mass of a pineapple in kg.

X ~N ( o’ )

unbiased estimate of x, x =0.8825

unbiased estimate of o2, s* =0.074785% ~ 0.00559

Null hypothesis, H, : 1£=0.9
Alternative hypothesis, H, : £<0.9

Perform an one-tailed test at 10% significance level.

0.074785> j

Under Hy, X ~N (0.9, approximately.

p-value =P (X <0.8825)=0.265>0.1.

Since p-value = 0.265 > 0.1, we do not reject Ho and thus we
do not have sufficient evidence at 10% level of significance to
doubt the claim of the stall owner that the mean mass of the

pineapples is at least 0.9kg.
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Question 9

. Remarks
No. Suggested Solution for Student
P(A4)=0.45, P(B)=0.4, P(C)=03, P(ANnBNC)=0.1.
A and B are independent.
A and C are independent.
() | P(B|A4)=P(B)=0.4ssince 4 and B are independent.
(i) | P(4)=045, P(B)=04, P(C)=0.3, P(4NnBNC)=0.1.
A and B are independent, so P(AmB) = P(A)P(B) =0.18.
A and C are independent, so P(AﬁC) = P(A)P(C) =0.135.
B and C are independent, so P(BNC)=P(B)P(C)=0.12.
Using Venn diagram,
P(A'NB'NC') =1-P(AUBUC)=1-0.815=0.185
3 B B 3 U
(iii) | P(4)=0.45, P(B)=04, P(C)=03, P(ANBNC)=0.1. dizegram Verig
visualize
. _ _ P(4'nB'NC")
A and B are independent, so P(4n B)=P(4)P(B)=0.18. L P(4UBC)
A and C are independent, so P(AﬁC) = P(A)P(C) =0.135.
P(A'NB'NC') =1-P(AUBUC)
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Note that

x#0.02 ( B and C not independent)

P(A'NB'NC')=1-P(AUBUC)
=0.165+x

max P(4'nB'nC"') =0.165+max value of x
=0.165+0.165
=0.33

min P(4'"B'NC') =0.165+min value of x
=0.165+0
=0.165
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Question 10

27.8 2oog 7.6009 | Y4721 | -
24.9 Cooo 8.51v2 | vo.711
20.b looee | 9.2103 | 108

1.9 1teee | 9.6158 | 122.47
13.8 20000 | 99035 | 141.42
11.1 2teee | 1e.127 | 158.11
8.89 30000 | 19,309 | 1v3.21
7.4 35000 | 10463 | 187.08
E.L.2 Hoooe | 10.597 | Zoa

H.28 HSeee | le.714 | 212.13

Ly=JL 2

No. Suggested Solution Remarks for Student
(a)(i) Remember to label x-axis as
h(independent variable) and
HORMAL FLOAT AUTO REAL RADIAM HP n y-axis as  P(dependent
variable).
o
o
o
o
o
o
o
o
R
(i)
1 1 [ [ 0
L1 Lz L3 Ls 4
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NORMAL FLOAT AUTO REAL RADIAN HMFP n

gy=a+bx

a=26.45756136

b=-5.45134%E-4
r2=.9618340342
r=-.9807313772

(b)

NORMAL FLOAT AUTD REAL RADIAN HF I:I

g=a+bx

a=91.74463246
b=-8.001613222
r2=.9502341957
r=-.974799567

(c)
NORMAL FLOAT AUTO REAL RADIAN MP []
LinRes
g=a+bx

a=34.78895512

b=-.1468651458
r2=.9972775766
r=-.9986378606

(c) has product moment correlation coefficient nearest to —1.

(iii) .
Equation of best model:
P =34.789—0.14687/h ~34.8-0.147\h
(iv) | P =34.789-0.14687~3.28h (where / is in metres)

~34.8-0266Vh
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Question 11

No. Suggested Solution Remarks for Student
Available letters
1C, 2A, 2B, 1G, 1E, IS
Total: 8 letters.
(i) 8!
Total number of arrangements = EYE =10080
(ii) | 10080-1=10079
(iii) | 6!=720
. By Complement Principle, number of different arrangements that
(iv) can be made with no two adjacent letters the same is
= (i) — (iii)) — Number of ways with only “AA” adjacent and “BB”
not adjacent — Number of ways with only “BB” adjacent and “AA”
not adjacent
= 10080 — 720 — 2[5!°C, ]=5760
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Question 12

No.

Suggested Solution

Remarks for Student

Let X be the mass of an apple in grams. X ~ N(300, 202)

Let Y be the mass of a pear in grams. ¥ ~ N(200,152)

®

X, +X,+..X; ~N(1500,2000)

P(X, +X,+..X; >1600)=0.0127

(i)

Y+, +..¥, ~ N (1600,1800)
(X, +X,+..X;)— (Y, +Y, +..;) ~ N(-100,3800)
P(X,+X,+.X;>Y, +Y,+..Y)

=P((X,+ X, +.X)- (¥, +Y, +..%,) > 0)
=0.0524

(iii)

0.85(X, +X, +..X; ) ~ N (1275,1445)
0.9(Y, +Y, +..Y; ) ~ N(1440,1458)
0.85( X, + X, +..X,)+0.9(Y, + Y, +..Y;) ~ N(2715,2903)

P(0<0.85(X, +X, +..X,)+0.9(¥, + Y, +..%;) < 2750)
=0.742
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