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QOn Solution

PU3 MATHEMATICS - Paper 1

1 Since 8 is sufficiently small, sin & ~ 6.
4]

6+ L 8> (shown)

1
9" 27

Method 2: Repeated Differentiation
£(8)~(3-0)"
£(6)~-(3-6)"(-1)=(3-9)"
()~ -2(3-6)" (-1)=2(3-6)"
Sub 6=0: wAcvuuL =

2
27
2
Using MF27, £ (8) = w+wx+w[qk~ +...
397 2
£(0) s +2x+L s (shown)
39 27
p=1 uwmﬁ:nP
“PE3475 27

£7(0)=2(3-0)" =

Qn Solution
2% 2
_M_v From the question, the equation of the curve is y = h.mﬁm .
Since the vertical asymptote is x=2 = r=2.
C passes through the point (0,~1.5).
X+ praq 0+0+g
== = -15=—7"232 = ¢g=3
)R 0-2 7
. . Xt +px+3
Hence, the equation of Cis y = e 1)
X—
C has asymptotes with equations y=x—1 and x=2.
= wuxlrlmm. where g is a constant.
x—
. The equation of C is
x~1){(x-2)+ 2_3
VHRIIIQIHA X v nUu\u.« x+2+a -@
x—-2 x-2 x=2
Comparing (2) and (1), p = -3.
2(ii) » .
[ CoveC Ayoyod
7
Y 2
¥
x=2
2
For f{x) = x 3x+3 > N. from graph,
x-2 2
2<x<25 or x>4.
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Solution

PU3 MATHEMATICS - Paper 1

(i)
4]

HQ:HHN.Tvamln!Nx

1

1G) )
2) \2

uW?=3u? +C

,\?N +3) ~3,[(* +3) +C (shown)

Or
du Continue to replace x in
Letu=x" +mUH 2x terms of u if it can not be
3 done easily with 1 step
x
% &
Vi 43

_ (=3

[

v‘? w du
NA:IMVW

uw?n +mvm -3(x* +uvw +C (shown)

5(ii)
B3]

132

L_L.« +3 _

feri

LT (T o]

n-?\mlqé,\wvuglfig ﬁ,\mm-?\migﬂ-iﬁ

= (35-98)-(s-13) ]+ ?NSML,\_MIM&Q,\%
=-[10-648]+[ (312 2)+643]
=—{10-63 ﬁ 15 +9J
=—[10-643]+[645+65
=-10+183
Use GC:

o
-12x<0, we havef(x)<0 _. -3¢ 4 [Reflection i xaxs]
0<x<3, wehave f(x)20 A 43
3
3x
+ dx |Part of original curve
‘_»._ Jr+3 ~ ]
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7
(iv)
21

§,=1250(1-0.6™)
n—w, 0.6 —0,8, —1250

Since the maximum cumulative infection is 1250 < 1280, the patient capacity will
be sufficient.

Solution

@
2]

Method 1

2sin”' x

y=¢ = Iny=2sin"x
Differentiating both sides wrt x:
1y 2

ydr fi—y?

V1-x m =2y (shown)

Method 2

2sin~'x

y=¢€
Ay ets 2

—=g X

dx V1-x?

Vi-x m”. =2y (shown)

(i)
[4]

A_:mv@m% =4y*

Differentiating both sides wrt x:

dy\(d*y &un dy
1=x2)x2[ 2| S22 (<o) 2] =8y &
A xvx ﬁ&uﬁ&% A Rv dx Vm.«

Alternatively,
1 dy
1-x*)2 2L =2
(1-2) =2y
Differentiating both sides wrtx :

1d’y 1 -4 dy 4
eiNVNMaW+m¢|x~V PTmé%uN%

PU3 MATHEMATICS - Paper 1

When x =0,

2sin~

y=¢ 0 = y=1
dy dy
V-0 Zaagy 5 P
i )]

dx
(1-0*)x Nﬁvh%% (02 =3m@ = % =4
Alternatively,
(-0F 2 d0-0P O@=20 = L2

2!
= y=1+2x+2x"+...

2
-. The Maclaurin series fory: y=1+2x+ A.«|w+ -

(i
Bl

0.1 0.1
-‘&o?u._u dx = .—;RAH +2x+ wav dx =0.00571667

0 0

=0.005717 (4 5.£)
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sin o + cos? =1

2
cosa=1-sina = [1— W)\IM Hw
3 3

etk

5L\ r

(iv)
3]

Method 1: Intersection of a Line and a Plane

Point F, OF lies on Cpp:

17 1
£=|10 [+a| 0|, forsome @ € R~—~~(1)
19 1

Sub (1) into the eqn of plane p as
Point F is also on plane p :

17+a) (1
10 |{0|=16
19+a) 1
17+a+19+a=16
inmuiouls
OF = OB+ BF
17 N (7
OF =(10 [+(-10)[ 0 [=| 10
19 1 {9

Coordinates of point F is (7, 10, 9).

Method 2: Find M by projecting BD onto n, where D is a point on plane p.
16

Obtain a specific point, D from plane p, OD=| 0
0

1]
3]

[
=

: _ﬂ
.o.musil_sous
19 1) |9
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Qn Solution
110 | — 1 —
OC==04
2 3 o | ¢ 2 A
)
oc=1,
3¢
oD-208 D
=3 0 2 D 4 g
b2
HHAmmv QmeN!QM.TN@-n.Qv
I51 5F

=OB+uBC—(2)

Solve (1)=(2):
= Od+AAD = 0B + uBC

g+\~Aglgvn®w+hA®Nl®Mv

n+\~ﬁww a nwfthwalw

2
1-A)a+=Ah=
(1-2)a+ 225

Comparing coefficient of g: 1~

U\Trwtu_a-@

Comparing coefficient of b : W
2
vapftu_ —(4)

Solving (3) & (4), by GC: A =

Sub \meio (1):

=erif5ee

win
zu~
w

U
lh
Ry

+8
7
2458
7777
+

b (shown)

\ll-—-
=

1
A==
ut

A=l-pu

6 ,.3
77 4=7

11 11— ——
(ii) Area of AOAE = M_QA x OF]
B 1 1 4 u
=—lax| —g+=b
27 \77 7”7
un_. Tx._' +Txmvu
2N 77\ 77
uw W@x&,rw@xs
=300+ xt)  (axa=0
= W_mxw_, wherek = W (shown).
11 | The length of projection of OA onto the line OB.
iv)
1
11(v) | Method 1
[3]1 | Perpendicular distance from 4 to OB

od]
_%A%qﬁ

. 1
a-b| = |at| = 514 @ﬁéu

Method 2
Perpendicular distance = |g|sin @ (need to find 8)

From |g-b|= W_m_w we have |af|b|cos = W_m_

= cos@ HW (since [b}=1)

= 8=60°

B

Perpendicular distance =|g]sin 60° = M._m_
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Qn | Solution
1(a) | Method }
B | y=f(x)—=25= y = f(x-1)—222 5 ) - £(25-1)
(a, b) {a+1, b) mw.?iv. &
Method 2
%HWAXvFHHWANRvEEHWANNIC
(a, b) ﬁ.a. @w ﬁWaTHJ @u
' 2 2 2
(1 1 J1 1
P becomes P’ M.u+.~J 0|, O becomes Q Mn+m. 0 | and R becomes
Wﬁwv xw .
2
(b .
Amvv The required area =/ or |I].
1]
Transformation:
Reflection of the graph about the x-axis. The area in question remains the same.
HAMWV The required area = IW~ or W_N |
(11 | Transformations:
Scaling of the graph parallel to the y-axis by scale factor .Mn . The area in question
is halved.
Translation of the graph in the negative x-direction by 3 units. The area in question
remains the same.
1(c) ’ .
m ||, £'(x) dx =[f(x)]; = f(g)-£(0)

=0-r

=-r

N_%_v x=t, y=£+4
&1,
dt 2yt dt
3
m.NH'anLNM
&L
20
Note: t=p
The eqn of tangent to C at P A,\M:cn +Av :
3
y=(p*+4)=4p? (x-p)
3
y=4p:x-3p* +4
NMWV The eqn of tangent of C at P passes through Ao. _v

At (0,1):

_uAﬁWASImbeﬁ
Ip*=3

p=1 (reject -1 -+ p>0)
Whenp =1

x=Ly=5

P(1,5)

INORMAL FLOAT AUTD KERL RADIAN WP -
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(s+xp— X)(1+x0)=g+x+ xg- =@} &=
W+R¢INR"
NMINANIRvH

[1+ (- x)][1-(e-*)]=[(-2)-x][(++2) -]
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0=0+20)3
‘g=(x)3 Jojoorest 1+7
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o) jue)suod Surredwo)
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SHAp— X =
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1+6=197—07+q-W+Iq+D
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gD =42z WYL G +V =23
1+6=427+2(1+1)
1+9=¢— T, 27 +2
(1) oyur (7) smansqng
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4(a) | GiventhatT

n2 = :: +N.. NSQ Nw “H
(1

Subn=l, ;=T,+T =1+3=4

Subn=2, I,=T,+T,=4+1=35

PU3 MATHEMATICS — Paper 2

o) | o T,
2] Givenr, = T
= \‘_: = Nu_ii = Nwz.w
N”:_ N“:r_
T+7,
\:1 =
Lo
\.=+_ = ~+ N”_
T

7= _+W (shown)

n

4(c) | Since r, is convergent to L, it implies thatas n—o0, 7, - L and 7, — L.

" n

B3] Hence,
Vo n~+W thn~+M as n— o0
7, L
F~L-1=0
)
e ST
2(1)
L= H+»\1
:S (e N,\. asr, >0)
4(d) | Method 1 Method 2
2 M,Us >930 D, >930
k=l k=1
WTGV+A=I~XNLV80 M;Xm+m@lcv >930
k=1
n(n+4)>930
From GC From GC
n n(nt4) n z _
% 396 WQ+NQﬁ cv
29 957 78 396
29 957
Least n=29
Leastn =29

50 3
B3] YT fa=1
y=g(x)
y=1 (0.3
of ifo3 — 7
5(i) | Every horizontal line y=+, where k<R, cuts the graph of y= g(x) at Eeﬁ
m once. g is a one-one function.
o g exists.
S(ii) _ _x-3
3] H‘QVIWAHVIMHI.
y(x-1)=x-3
(y-1)x=y-3
y-3 4 -3
= = F——
* y-1 & A\cv y-1
A(x)=23
g (x)="—
From graph in part (i), R, = (0, 1)U(l, «)
Dy R )Vl o
5Gv)
[l
3(v) | Since g is self-inverse, g”(x) = g 'g(x) =gg ' (x) = x.

2]

2000 — gl Hlmllm
gX=-g() >x 1
23

x-1

x=-

¥ —x=-x+3
x*=3

xu.h;\w
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7(iif)
2] G@pt | SApt) | Score Probability
0 3 3 12_6
22 11
1 2 6 9
22
2 1 9 1
22
Probability Distribution of X
x 3 6 9
P(Xx=x) |2_6| 5 | L
22 11 22 22
1(iv)

(1] mASmgimmvu5@7“+~23me+5@va"

. The expected winnings is $45.

45

4 B
0.2
v
_l_.uo.mm
20
86) P(4nB) 4
@ |P(Bl)=— ==
5 Mg 11
w?)wvnmlé
wtawvummw&nﬁ

P(4UB)=P(4)+P(B)-P(4B)
0.8=0.55+P(B)-0.2
P(B)=0.45

8(@) | Method 1
M__._V P(4nB')=P(4wB)-P(B)=0.8-045=035
Method 2
mAk Dm,vnwﬁkvleADwv =0.55-02=035
8() | From part (i)(b), P(ANB')=035=0.
1 .. 4 and B’ are not mutually exclusive.
8(iii) | Since B and C are independent,
U | p(BAC)=P(B)P(C)=(0.45)(0.6) =027
8(iv) | From our work so far, the relevant regions are shown below.

12]

4 B

0.2

Method 1
Let P(ANB' NC)=x.

02-(0.33—x)
=x-0.13
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12(i) | Unbiased estimate of population mean,

2 -
2] MHM? Nostcouw_%.%
50 50

+200=243.1924

Unbiased estimate of population variance,

=L 5200y (Z=200))

501 50
2
=L 11208100 (21562)
49 60
=383.71
=384 (35£)

12(ii) | Let X be the reaction time, in milliseconds, of a randomly chosen student, and 7
[5] | be the population mean reaction time of the students at Supernova School.

H,:u=250
H,:u<250

Under H,, since # = 50 is large, by Central Limit Theorem,

e Izﬁmmo, M%u approximately.
Use z-test at & = 0.01.

From GC, p-value = 0.0069972 = 0.00700 (3 s.f.).
Since p-value =0.00700 <0.01, we reject H,. There is sufficient evidence at 1%

level of significance that the mean reaction time is reduced from 250 milliseconds.

12(jii) | The sample size of 10 may not be sufficiently large for Central Limit Theorem to

(11 { apply. X may not follow a normal distribution closely enough. Hence, the test in
part (ii) may not be appropriate.

131

11(i)
—N_ weax+h I
a0, 8585993649
be103,3947852
r3ub, 5812251295
ru -0, 9905701838
Using GC, r=-0.991 (3 s.f).
The value of r is close to -1. Thus, a strong negative linear correlation between
the resting heart rate (x) and VO, max (y) is indicated.
11({ii) | The regression line of y on x:
131 =—-0.85860x+103.39
y=-0.859x+103 (3 5.f)
When x = 60,
y =—0.85860(60) +103.39 = 51.874
. The VO, max = 52 (to the nearest integer).
Since x =60 is within the given data range of x ?w <x< Qwv and the value of _\_
is close to 1. Thus, the estimate is reliable.
11(iv) | When x =125, y=—3.935. The predicted VO2 max is negative, which is not
[11 | reasonable. Moreover, the resting heart rate of 125 is not reasonable for a typical
person. Thus, extrapolation is not advisable.
11(v) | The value of ¥ remains the same. » =—0.991 (3sf)

Let the adjusted resting heart rate be w.
w=x+v = x=w-v

¥ =—0.85860(w—v)+103.39
y =—0.85860w+0.85860v+103.39
»=—0.859w+0.859v+103 (3 s.£)

. The required gradient =—0.859 (3 s.£) and
the required y-intercept = 0.859v+103 (3 s.£).

12(iv) | Let ¥ be the reaction time, in milliseconds, of a randomly chosen student at Galaxy

{4] | School.
Method 1
Hy:pu=p
H:u<py,
= 153
Under m? Y~N Hy» MOI .

Test statistic, Z =
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