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By definition, n=1xm = n 1L 1and n L m. Therefore, Ln=0.

Let the foot of perpendicular from C to plane OAB be C’.

CC'//axb = CC' =t(axb) for some scalar t
OC'=0C +CC'

Aa+ub =c+t(axb)

Therefore, there is a scalar such that t(axb) =c—Aa—pub

Multiplying both sides by a,

a-t(axb)=a-(c—ia—pb)

= 0=a-c—Aa-a—ub-a (using result from first part)

= (a-a)l+(a-b)u=a-c




Since R, =(0,), D, =0
R, c D, ghexists.

gh(x) =g[In(x-2)]

— ghtx-2)
gh:x+—>x-2, xell, x>3

Ry = (L)

f(x+a)>gh(x+a)

(x+a-a)(x+a—2)>x+a-2
(x)(x+a—-2)—(x+a-2)>0
(x+a-2)(x-1)>0

x<l or x>2-a

Since Dy, =(3,0), x+a>3 = x>3-a, hence range of values of x is (3-a,).

Alternative solution:
f(x)>gh(x)
(x—a)(x—2)>x-2
(x—a)(x-2)-(x-2)>0
(x-2)(x-a-1)>0
x<l+a or x>2
Replacing x by x+a,

X+a<l+a or x+a>2
x<1l or x>2-a

Since Dy, = (3,0), hence range of values of x is (3,0).

Range of values of x for (ii) is (3—a,).

yA

»=0

2+a 4

v

Maximumpoint[ 2 (a—2)2

|




y= Inv1+x

1+x

_1In(+x)
2 1+x
20+ x)y=In(1+x)

dy 1
20+ X)—=+2y=——
( )dx y 1+x

2
2(1+ x)d—32/+4d—y :_—l2
dx dx  (1+x)

3 2
2(1+x)d—)3/+6d—)2/= 2 3
dx dx®  (1+x)

2 3
() When x=0, y=0, &1 dv_ 3 dy 11
dx 2 dx 2 dx 2

InV1+x (1) xz( 3) xa(llj
=0+X| = |[+—| = |+—| = |+
1+x 2 2 2 6\ 2

1 3x? 11%¢
==x-x +.
2 4 12

@y VLX)
1+x 2

1.0 x x
=X — A X=X
2[ 73 1€ )

X2 X X

:l[x—x2+x3——+—+—+...]
2 2 2 3

1 3x* 11%¢
==x-4
2 4 12

e L1 3 118
4 — 14 N -
(i) jo ydx_'f0 [ZX 2 + 12 +... | dx
=0.120

Approximation is not good as x :% is not close to 0.
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(a)(i) The first three triangular numbers are 1, 3, 6.

1 1
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Pt =1+2+3+..+n= %n(n+ 1)

(iii) Sum of the first N triangular numbers
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() a >2014= 3"+n-1>2014.

n 3"+n-1
6 734

7 ]2193

8 6568

By GC, leastn=7.
So the population of the bacteria first exceeds 2014 thousands 7 days after the start of the
experiment.

(ii) Rate of growth of H2 Bacteria 2 days after the start of the experiment =

da, =(3"In3+1) =9In3+1 thousands/day.
dn 2 n=2
or by GC, %a" ~10.9 thousands/day.

N inz

Let b, denote the number of H3 Bacteria (in thousands) exactly n days after the start of the
experiment. Then {b, }is an arithmetic sequence with first term 900 and common difference 800.

Therefore b, = 900+ (n- 1)(800)= 800n+ 100.
We want least n such that a, —b, >0=>3"+n-1-(800n+100) >0=>3"-799n-101> 0.




n 3"-799n-101

7 | =3507
8 |68
9 112391

By GC, the population of H2 Bacteria will exceed that of H3 Bacteria by the 8" day.

Numbered all 880 students names from 1 to 880.

Chose a random starting number from 1 to 11" (as 880/80 = 11). Subsequently take every 11" name
after the starting name. The process continues until 80 students have been chosen.

The 80 students chosen may not have the correction proportion of male and female students as the
list of students may not have an even spread of male and female students in the list.

Stratified Sampling

probability that A wins the match = 0.6p+0.6(1— p)(0.3) +0.4(0.3) p

= 0.18 + 0.54p
0.4(0.3
P(B won the first set | Player B loses the match) = &
0.18+0.54p
A4(0.
0.4(0.3)p 015
0.18+0.54p

. 9
Solving, p = 0.692 or —
g,p 13

When p = 0.65, P(A wins) = 0.531
P(3" win in nth match) = "'C, (0.531)2 (1—0.531)”’3 x(0.531) = 0.10866

%2(”_2)(0.531)3 (0.469)"° =0.10866

FromGC,n=7

P(Wise misses the bus) = P(X-Y < 0)

X-Y ~N(25-159+4)

ie. X -Y ~N(10,13)

Thus, probability required = 0.0027728 ~ 0.00277 (3 s.f.)

T=45- (W+X)




E(T)=45-30-25=-10
Var(T)=3+9=12

P(the bus arriving after 8.30 a.m.)

=P(T<0)
=0.99805 ~ 0.998 (3 s.f.)
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(iii) From the diagram in (ii), as x increases, y increases in decreasing amount.

.. (B) is the appropriate for modelling these values.

r=-0.972

y=-9351 1916
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(iv) wheny=64 = x=33.8
As y =64 falls within the given data range, the estimated value is valid.

Neither regression line is suitable to estimate x since x is the independent variable which can be

controlled.
9 | Number of ways = 7! + 7! — 6! = 9360
Number of ways = (11-1)! x 2 / 41 x 12 = 3628800
Number of ways = (10-1)!/4! x 10 x 12 = 1814400
10 | (a)(i)
H,: =40
H,:x>40

at 5% level of significance

necessary assumption: the length of steel pins follows a normal distribution
Apply t-test

reject H, if p—value <0.05

X= 40+% =40.4625

2
s = %[7.27 —%] =0.794107

p —value =0.09278
Since p—value >0.05, we do not reject H,, . There is insufficient evidence at 5% level of significance
to conclude that mean length of steel pins is more than 40 mm.

(ii) For a two-tail test, p—value =2(0.09278) > 0.05. The conclusion is the same as (i)

(b) Ho: =Kk
Hy: ,u;tk

at 4% level of significance

Given X =148.4
1
§?= 79 (2372) = 48.40816

For Hy to be rejected, p-value < 0.04

if X<k or if x>k




2P(X < x)<0.04
P(X < x)<0.02

148.4 -k
48.408
50
148.4 -k
48.408
50

k >150.4

<—2.05375

or

148.4 -k

2P(X > x) <0.04
1-P(X <X)<0.02
P(X <x)>0.98

148.4 -k
48.408
50

> 2.05375
48.408

50
k<146.4

>0.98

11

(@) Let X denote the demand for GreatRun tyres in a randomly chosen month.




X ~ Po(4)

Required prob. = P(X <5)=0.7851303874 = 0.785 (3 s.f.)

(b) Using GC,

No. of tyres sold, x

Prob.

0 P(X=0) = 0.01832
1 P(X =1) = 0.07326
2 P(X = 2) = 0.14653
3 P(X = 3) = 0.19537
4 P(X =4) = 0.19537
5

P(X >5)=0.37116

Hence, the most probable number of tyres sold is 5.

(c) Let the number of tyres the garage should keep in stock be N.

P(X >N)<0.001
1-P(X <N)<0.001

Using GC,

Hence the least number of tyres the garage should keep in stock at the beginning of the month

is 11.

(d) Let Y denote the demand for GreatRun tyres in a randomly chosen week.

Y ~ Po(1)

N P(X >N)
10 0.00284 > 0.001
11 0.000915 < 0.001

P(Y >1)=1-P(Y <1)=0.2642411176

Let W denote the number of weeks where more than 1 GreatRun tyre is sold ojtafifyweeks.

W ~ B(4, 0.26424)

Required prob. = P(W >2)=1-P(W <2)=0.059174 = 0.0592 (3 5.f.)
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(e) Let A denote the number of months the garage was not able to meet monthly demands out of
120 months.
A ~B(120,1-0.78513) i.e. A ~ B(120, 0.21487)

Since n =120 is large, np = 25.7844 > 5, nq = 20.24410597 > 5,

A~ N(25.7844, 20.24410597) i.e. A ~ N(25.784, 20.244) approximately

Required prob. = P(A>36| A>12)

_ P(A>36nA>12)
- P(A>12)

by continuity correction




