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General Instructions

Reading time — 5 minutes

Working time — 2 hours

Write using black pen

Board-approved calculators may be used

A reference sheet is provided with this paper
Leave your answers in the simplest exact form,
unless otherwise stated

All necessary working should be shown in
every question if full marks are to be awarded
Marks may NOT be awarded for messy or
badly arranged work

In Questions 11-14, show relevant
mathematical reasoning and/or calculations
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Section |

10 marks

Attempt Questions 1-10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1 Which integral is obtained when the substitution u = 1 + 3x is applied to J Xv/1+3x dx?

A) é (u—1)u du
(B) é (u—1)u du
©) % (u—1)/u du

(D) ﬂ (u—1)u du

2 The acceleration of a particle moving along a straight line is given by X =-2e™*, where x metres is
the displacement from the origin.
If the velocity of the particle is v m/s, which of the following is a correct statement about v* ?

(A) vi=2e"+C
(B) vi=2e"+C
(C) vi=4e*+C

(D) vi=4e*+C

3 Find di(xcoslx—\/l— x2)

X
-2
(A) -
1-x
-1
(B) -
1-x
(C) cos ' x
(D) sinx
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4

What is a possible equation of this function?

(A)
(B)
(©)
(D)

f(X) =—x(x-1)(x+1)
f(x) ==x*(x+1)

f(x) ==x*(x-1)
f(X) =x*(x+1)

If f(x)= l+i3 , which of the following give the equations of the horizontal and vertical

asymptotes of f*(x)?

(A)
(B)
(©)
(D)

Vertical asymptote is x = 1 and horizontal asymptote isy = 2
Vertical asymptote is x = 1 and horizontal asymptote isy = 3
Vertical asymptote is x = 3 and horizontal asymptote isy = 1

Vertical asymptote is x = 3 and horizontal asymptote isy = 2
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7

The polynomial equation x*—ax*+8x+(1—a)=0 hasroots o, B and 7 .

Giventhat oo+ B+y <0 and afy(a + B +v)=20, what is the value of a?

(A)
(B)
(©)
(D)

If t= tang , which of the following expressions is equivalent to 4sin8+3cos@+5?

(A)

(B)

(©)

(D)

Which of the following is a correct expression for tan(x + %] ?

(A)

(B)

(©)

(D)

2(t+2)°

2(t+2)°
1+t?

(t+4)°
1+t2

COS X +Sin X

COS X —Sin X

COS X + 2sin X

COS X —Sin X

cos X +sin x

cos® x —sin x

COS X —sin X

COS X —Sin X
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1
9 The curve y =2x3 is reflected in the line y = x.

What is the equation of the reflected curve?

A y=r
(B) y%
(©) y=§
(D) y%

10 A particle is moving in simple harmonic motion with displacement x.
Its velocity is given by v =9(36— x?).
What is the amplitude, A, of the motion and the maximum speed of the particle?
(A)  A=3and maximum speed v =6
(B) A =3and maximum speed v =18
(C) A =6and maximum speed v =18

(D) A =6and maximum speed v =6
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Section 11

60 marks

Attempt Questions 11-14

Allow about 1 hour and 45 minutes for this section

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11-14, your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Use a SEPARATE writing booklet.

€)] Differentiate with respect to x:

y= tan‘l(g) 2
X

3

dx

2
(b) Evaluate J —_— 2
0 \I9—4X2

(c)  The points P (2ap, ap?) and Q (2aq, ag®) lie on the parabola x* = 4ay 2

If the tangents at P and Q intersect at 45°, show that |1+ pq| :’ p- q| )

Question 11 continues on page 9
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Question 11 (continued)

(d) State the domain and range of the function y = 2cos™3x.

(e)  The roots of the equation x*—3x*+4x+2=0 are ¢, B,and y.
Find the value of o'+ B +y7".

) Solve the equation 4sin@ +3cosd = -5 for 0° <6 <360°.
Leave your answers correct to the nearest degree.

(9) 0] Show that the turning points of the curve y = _* occur when

(x+3)(x+4)
x:J_rZ«/é.

(i) Sketch y = for x> 0.

.
(x+3)(x+4)

End of Question 11
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Question 12 (15 marks) Use a SEPARATE writing booklet.

(@) The rate at which perfume evaporates is proportional to the amount of the perfume

that has not yet evaporated. That is Z—T =k(P—N), where P is the initial amount

of perfume, N is the amount that has evaporated at time t and k is constant.

(1) Show that the function N = P(1—e™) satisfies the differential equation 1
dN
—=k(P-N
prall )
(i) Show that the time it takes for a quarter of the original amount to evaporate is 2
_(In3-2In2)
k

(b) Inthe diagram below, PAQ is the tangent to a circle at A.
AB is a diameter and lines PB and QB cut the circle at S and R respectively.

M Copy the diagram to your writing booklet.

(i) Prove that PQRS is a cyclic quadrilateral. 3

Question 12 continues on page 11
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Question 12 (continued)

(c) In how many ways would 11 people occupy seats at two circular tables, where one 2
table can accommodate 6 people and the other 5 people?
(d) Consider the function f (x) =3x—x
M Find the largest domain containing the origin for which f (x) has an 2
inverse function f*(x).
(i)  State the domain of f*(x). 1
(e) To an observer on a pier A, the angle of elevation of the top of a cliff OT due
North of the observer is 45°. After the observer travelled 100m by boat from
the pier at N60°E to B, the angle of elevation of the top of the cliff is 30°.
T
> E
Find the height of the cliff above the sea level. 2
-2X 2

(f A particle moves in a straight line with acceleration at any time t given by X =—-e™*,
where x metres is the distance measured from a fixed point O.

Initially the particle is at the origin with velocity 1 m/s. Show that x =In(t +1).

End of Question 12
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Question 13 (15 marks) Use a SEPARATE writing booklet.

(@) The diagram below shows a circle of centre O and radius 1 m and ZAOD = 26.
D is a point on OB such that ZDAO =6 . Also, C is a point on OA such that CD 1 OA.

20
Let CD =x.
0] Express AC in terms of x and @, and by considering AOCD , show that 2
_ 2tané
3—tan’6
E N

(i) If x= R find the value of #, and hence, show that the area of AOAB = " m

: . o1
(b) Many calculators compute reciprocals by using the approximation —=x__, 2
a
where x ,, =x (2—ax ) forn=1,2,3, ...
That is if x, is an initial approximation to 1 , then x, = x (2—ax,) is a better
a

approximation.

This formula makes it possible to use multiplications and subtractions, which can
be done quickly, to perform divisions that would be slow to obtain directly.

Apply Newton’s method to f(x) = %— a, using x, as an initial approximation, to show

X, =X (2-ax)
Question 13 continues on page 13
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Question 13 (continued)

. sin2x
(c) Evaluate lim
x>0 tan 3x

(d) The diagram below shows a circular disc with radius OA.

NOT TO SCALE

The radius of the disc, OA, is one metre and AB is a rod of length k metres (k > 1).
The end of the rod, B, is free to slide along a horizontal axis with origin O.
The angle between OAand OB is 6.

Let OB = x metres.
(i) Show that x =cos@ ++k*—sin’0 . 3

(i) Find 3—2 interms of k and 6. 2

(iii) Given that i—f =4m rad/s. 2

Find % in terms of k when 0 = r )
dt 6

(iv) Find 6, 0<60 <2r, when the velocity of point B is zero. 1

End of Question 13
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Question 14 (15 marks) Use a SEPARATE writing booklet.

(@) Prove by mathematical induction that z(r +3)2" =(n+2)2"" -4
r=1

where n is a positive integer.

(b) A particle performs simple harmonic motion on a straight line.
It has zero speed at the points A and B whose distances on the same side
from a fixed point O are a and b respectively, where b > a.

0] Find the amplitude of oscillation in terms of a and b.

(i) The particle has a speed V when half way between the points A and B.

Show that the period of oscillation is ”(ti/_ 3) .

You may use the following formula: v* = n?(c? — (x—x,)?)
(Do NOT prove this)

Question 14 continues on page 15
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Question 14 (continued)

(©

A vertical section of a valley is in the form of the parabola x* = 4ay where a is a positive
constant.

A gun placed at the origin fires with speed /2gh at an angle of elevation o where

O<oa <% and h is a positive constant.

“\

The equations of the motion of a projectile fired from the origin with initial
velocity V ms™ at angle 6 to the horizontal are

x =Vtcosa and y =Vtsino — 1 gt? (Do NOT prove this)
0] If the shell strikes the section of the valley at the point P(x, y) show that 3
4ah

X =
(ath)cota +atana

(i)  Let f(8)=(a+h)coto+atand foro<e<g. 2

Show that the minimum value of f(6) occurs when tan@ = a_+h :

a

(iif) ~ Show that the greatest value of x is given by 3

x=2h /i
a+h

End of paper
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Section I
10 marks
Attempt Questlons 1-10

Use the multiple-choice answer sheet for Questions 1-10

1 Which integral is obtained when the substitution u = 1 + 3x is applied to | xv1+3x dx?

\,L:H'%SL \|/

5| vl % =3 (=0 T g%f.
(B) é ﬂ (u—l)\/;du GIU-: % Cl/iif 3
.Jﬂ QL_L_L__»;;GLQC: L . ___,
(© 1 (u—l)\/;du 3 9 (l’t-" ‘) JM
- =13
®  =| -tuds e
4_J 3

2 The acceleration of a particle moving along a straight line is glven by ¥=-2¢™, where x metres i§
the displacement from the origin.
If the velocity of the particle is v m/s, which of the following is a correct statement about v* ?

(A) vi=2¢7+C Cl ANEEY
(-—‘f -~ ——
B) V=2 +C Aok 1

vi=de ™ +C d ,L n d}i:’ _?\e':r* 0(1.
<ECD)1 V=4 +C , L 0(;( Q_VL> : |

3 Find %(xcos"x—ﬁ) | V‘L: 6_3& L C
(A) 2 s
= Tx =L 4 o'y — L(1a7) ~ 4
= ye
®) — N §

@ cos™ x l_;lb | | \ﬁ—:ﬁ;

(D) sin”' x
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What is a possible equation of this function?

B f@=-x(x-DE+)
B) fo=—5G+D
©  f@=-xG-D
@  f)=x (D)

Hf flx) =1 +—2—§ , which of the following give the equations of the horizontal and vertical

+ asymptotes of f7'(x)?

e

(A) - “Vertical asymptote is x = 1 and horizontal asymptote isy=2

(B) Vertical asymptote is x = 1 and horizontal asymptote isy =3 -
< Vertical asymptote is x = 3 and horizontal asymptote isy=1
(D) Vertical asymptote is x =3 and horizontal asymptote is y = 2 ‘

- g )
Th /5?//[667/4 asyr, /07{9’ =
Sf / S /ﬂWfﬁ j /2‘30/1/@6 ﬂf/ﬁ/

‘7:34 Yopce 6
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6 The polynomial equation x* —ax® +8x+(1—a)=0 has roots ¢, [ and y.

B) 4

<€ -5
D)y 5

o _
2 (LL-I)(ID‘ZO (7 6,4
Q= 0 =
B Y
7 Ifr= tang , which of the following expressions is equivalent to 4sin &+ 3cos@+5?

2(:+2) | 4X}i {»%ig:lg:) *5"
It lf%L m fl(ﬂfy .
BT T < S5

e

| +£

2(r+2)°
1+#2

—|=
| |+
HM\B

2 7 . )
© TE Y -
“ M +3L+% - 1(441)
[+ T
R
8 Which of the following is a correct expression for tan[x +—;£] ?

o Ty | g

5
}B\ cosx+2sinx = (/y
. COS X —Sin x _ l ~ +ah N - 5&

cOs X +sin x 94 1
GC‘?‘ c;)s:a x+_sinx C(;%i g 005
\ ) cosx—s?nx W Smyl,{- (/)Sj“
& COS x —sin x l = m
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- What is the equation of the reflected curve?

1 * e
9  Thecurve y=2x3 is reflected in the line y = x. (3 ~ Z 3:
W 4

3 Swap > [
(A) y=f—6 Z 3
® - P
(B) .y== X _ 3
3 e 9~ lj
©  y=7 U:LB" 9_93 :_:j
(D) y=% b

10 A particle is moving in simple harmonic motion with displacement x.
Its velocity is given by v =9(36 - x?). _
What is the amplitude, A, of the motion and the maximum speed of the particle?

N A =3 and maximum speed v =6

R A =3 and maximum speed v = 18
@ A = 6 and maximum speed v = 18

(D) A =6and maximum speed v =6

End of Section I
a8

Vo= 9(%x)

1 A L
(e

| I

Ut
" v3b. we &0

Q%xb
Vo
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