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General Instructions Total Marks — 70
e Reading time — 5 minutes.

Section I Pages 2—4
e  Working time — 2 hours. 10 Marks

e  Write using black or blue pen. e Attempt Questions 1-10

e Board approved calculators may be used. e Allow about 15 minutes for this

e  All necessary working should be shown in section.
every question if full marks are to be awarded. Pages 6-11
e  Marks may NOT be awarded for messy or 60 marks
badly arranged work. e Attempt Questions 11-14
e Leave your answers in the simplest exact form, f o Allow about 1 hour and 45
unless otherwise stated. minutes for this section

e Start each NEW question in a separate answer

booklet.

Examiners: R. Elliot & J. Chen

This is an assessment task only and does not necessarily reflect the content
or format of the Higher School Certificate.



Section I

10 marks

Attempt Questions 1-10
Allow about 15 minutes for this section

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

1 The roots of 3x* — 2x* +x — 1 =0 are ¢, Band ¥.
What is the value of a’By +o°y + afy* ?

@\ - )
2

®B) - 9
o 1

2
(D) 5

2 What is the minimum value of \/; sinx —3cosx ?

A 2
B) 4
(B) -16
D) 7-3

3 What is the domain and range of y =sin' (Z?X) ?

(A) Domain: =1<x<1; Range: —-t<y<nm
(B) Domain: =1<x<1; Range: —%Sygg
: 5 5 T T
C Domain: ——<x<—; Range: ——<y<—
© 2772 88 TS
: 5 5
(D)  Domain: _ESXSE; Range: -r<y<nrm
. sin3x
4 Evaluate lim .
=0 Qx
@A 0
2
B ol
(B) 3
<© 1
3
D —
D) 5



5 In the diagram below, AB is a tangent to the circle BCD.
Also, CD is a tangent to the circle ABD.
£ BAD = 6@and £ BCD = ¢.

NOT TO SCALE

Which of the following is a true statement?
(A) AABD=ABDC

(B)  ABCD is a cyclic quadrilateral

(C)  AABD||ABDC

(D) AB||CD

6 A particle moves in simple harmonic motion so that its velocity, v, is given by
VV=6—x—x".
Between which two points does it oscillate?

(A) x=6andx=3
(B) x=-2andx=3
(C) x=landx=2

(D) x=2andx=-3

7 Which of the following is an expression for f cos’ x sinx dx ?

(A) —cos*x+c
1
(B) _ZCOS x+c

(C)  cos*x+c

1
(D) ZC0S4 x+c



8 Which of the following is the correct expression for the inverse of f(x)=e"*?

@ =2

B) =g

1
© )= — log,(1-2x)
= 1
(D) fr(x)=7(-log,x)
9 Three Mathematics study guides, four Mathematics textbooks and five exercise books are

randomly placed along a bookshelf. What is the probability that the Mathematics textbooks are
all next to each other?

@w =
® =
© ==
o =
10 A particle moves on the x-axis with velocity v m/s, such that v* = 16x — x>,

Which of the following is the particle’s maximum speed and the position of where
this maximum speed occurs?

(A) Maximum speed = 16 m/s atx =0
(B) Maximum speed = 8 m/s at x = —8
(C) Maximum speed = -8 m/s atx =8

(D)  Maximum speed =8 m/s at x = 8



Section 11

60 marks

Attempt Questions 11-14

Allow about 1 hour and 45 minutes for this section

Answer each question in a NEW writing booklet. Extra pages are available

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

Question 11 (15 Marks) Start a NEW Writing Booklet

(a)  Differentiate sin”' (log,x).

(b) Find J ; dx .
V4-9x?

(c) ()  Simplify sin(4+B)+sin(4-B).
¢

(11) Hence, evaluate J sin3xcosx dx.
0

(d) The point P(6p, 3p2) is a point on the parabola x* =12y .
(1) Find the equation of the tangent at P.

(i1) The tangent at P cuts the y-axis at B.
The point 4 divides PB internally in the ratio 1 : 2.
Find the locus of the point 4 as P varies.

(e) A piece of meat at temperature 7° C is placed in an oven, which has a constant
temperature of H° C.
The rate at which the temperature of the meat warms is given by

dT
E=—K(T—H),

where ¢ is in minutes and for some positive constant K.

(1) Show that T'= H + Be™™ , where B is a constant, is a solution of the
differential equation above.

(i1) If the meat warms from 10° C to 50° C in the oven, which has a constant
temperature of 180° C, in 30 minutes, find the value of K.

(ii1))  How long will it take the meat to get to a temperature of 150° C?
Express your answer correct to the nearest minute.



Question 12 (15 Marks) Start a NEW Writing Booklet
(a) (1) Solve cosx — \/gsinx =1 for 0<x<2r.

(i)  Hence, or otherwise, find a general solution to cosx — \/5 sinx=1.

(b) (1) On the same set of axes sketch the graphs of y=cos2x and y = XTH

(i1) Use the graph to determine the number of solutions to the equation

3cos2x=x+1

(ii1))  One solution of the equation 3cos2x =x+1 is close to 0.5.
Use one application of Newton’s Method to find another approximation,
correct to 3 decimal places.

3
(c)  Evaluate J, sin® 2x dx

0

(d) When x cm from the origin, the acceleration of a particle moving in a straight
line is given by:

d’x 5
dr’ (x+2)3

It has an initial velocity of 2 cm/s at x = 0. If the velocity is V' cm/s, find V in terms of x.



Question 13 (15 Marks) Start a NEW Writing Booklet

(a) In the diagram below, DC is a diameter of the larger circle centred at 4.
AC is a diameter of the smaller circle centred at B.
DE is tangent to the smaller circle at /" and DC = 12.

Copy the diagram to your answer booklet.
Determine the length of DE.

(b) (1) Simplify k! + kX k!
(i1) Prove, by mathematical induction, that

IXU+2Xx21+3%x3!+...+nxnl=(n+1)!-1

for all positive integers n.

(c) (i)  Using the substitution x =3+3sin6 find J x(6-x) dx

(i)  Let R be the region bounded by the curve y = 14/x(6 - x) and the x-axis.

Find the volume of the solid of revolution generated by revolving R about
the x-axis.

End of Question 13



Question 14 (15 Marks) Start a NEW Writing Booklet

(a)

(b)

10 cm

The figure above shows an inverted conical cup with base radius 8 cm
and height 10 cm.

. . 2r 3 .
Some water is poured into the cup at a constant rate of ? cm” per minute.

Let the depth of the water be 4 cm at time ¢ minutes.

Find the rate of change in the area of the water surface when 4 =4

A particle is projected horizontally at 30 ms™' from the top of a 100 m high wall.
Assume that acceleration due to gravity is 10 ms™ and that there is no air resistance.

The flight path of the particle is given by:
x=30t, y=100—5¢" (Do NOT prove this)
where ¢ is the time in seconds after take-off.

(1) Find the time taken for the particle to reach the ground.

(11) Find the angle and speed at which the particle strikes the ground.

Question 14 continues on page 11

—_1n_



Question 14 (continued)

(c) The diagram below shows a tetrahedron such that V4 = VB = AB = 2a,

CA=CB=3aand VC=+5a.

O is the foot of the perpendicular from V to the base ABC.
M is the midpoint of 4B.

P is a point on BC such that BP = ra where 0 <r < 3.
ZVMC=0and £ VPO = ¢.

2a

(1) By considering A VMC, show that cos@ = @ .
(i1) Hence find the exact value of VO.

(iii)  Show that VP* = %(3# ~8r+12)a’

45
8(3r2 —8r+12)

(iv)  Hence show that sin¢ = \/

(v) Hence, or otherwise, find the maximum value of ¢ as r varies.

End of paper

—_ 11 _
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Section 1 10 marks

1 The roots of 3x° = 2x* +x— 1 =0 are &, Band .

What is the value of &’ By +aff’y +affy’?

1
A _L
(A) 9
2
(B) Yy
:D
©) 1 ANSWER
% 30— 2% +x—1=0
b
aﬂ7=—£ a+pf+y=——
a a
2 2 2 _
a’Py+af’y+apy’ =afy(a+p+y)
1 2
= —X—
3 3
_2
9
2 What is the minimum value of /7 sinx —3cosx?
A 2
.
ANSWER: B
(B) 16
ﬁsinx—3cosx
D — 2
() 7-3 r= (V7] +3
=\J7+9
—4
Let ﬁsinx—?»cosx:rsin(@—a)
=4sin(0-a)
No matter what the value of «
—1<sin(x—a)<1
—4<4sin(x—a)<4
Therefore the minimum value is x =—4.




.l 2
What is the domain and range of y=sin"' [?x] ?

(A) Domain: -1<x<1;
(B) Domain: -1<x<1;
Domain: 2 <x< Bl
2 2
(D)  Domain: 232 <x< >
2 2

Evaluate lim sin 3x
=0 2x
A 0
2
(B) 3
© 1
3
@) 3

5

b

Range: —#<y<r

T T
Range: ——<y<—
88 m=r=5

T T

Range: ——<y<—
88 T ==y
Range: —#<y<nx

ANSWER: C

Domain:

-5
2

Range: —% <y<

—<Xx

y=sin"’ (Z—XJ =siny= (2_)6)
5 5

—-1<siny<1
—ISESI
5

<2
2

V4 ..
2 as this is the range of

y=sin"x
ANSWER: D
. sin3x 3. sin3x 2
lim =—lim —
x>0 Dy 2x50 2x 3
3., 2sin3x
=—lim
2 x50 2x3x
:éxl
2
_3
2




5 In the diagram below, 4B is a tangent to the circle BCD.

Also, CD is a tangent to the circle ABD.

4 BAD = f@and £ BCD = ¢.

Which of the following is a true statement?

(A)

(B)

(D)

AABD = ABDC
ABCD is a cyclic quadrilateral
AABD || ABDC

AB| CD

NOT TO SCALE

ANSWER: C

In AABD and ADCB :

ZDCB = ZDBA (angle in the alternate
segment)

ie ZDCB=/ABD

/BAD = ZBDC (angle in the alternate
segment)

ie ZBAD =/ZCDB

BD is but not respective to angles.
Therefore AABD = ADCB

Hence, triangles are equiangular they are
similar and A4BD ||| ADCB

6 A particle moves in simple harmonic motion so that its velocity, v, is given by

Vvi=6-—x—x.

Between which two points does it oscillate?

(A)
(B)
©

x=6andx=3

x=—2andx=3

x=landx=2

x=2andx=-3

ANSWER: D

V=6-x-x"
For the particle to reach its oscillation
points v =0.
V=6—x—x
0=6—x—x"
0=0B+x)(2—-x)
Sx=-3and 2




7 Which of the following is an expression for J cos’ x sinx dx ?

(A)

©

(D)

(A)
(B)
©

4
—COS x+¢

——cos'x+c
4

cos’x+c¢

—cos*x+c
4

f—l(x) — _261—2x
f—l (x) — _%el—bc

f(x)= —%loge(l —2Xx)

£ = %(1 ~log, x)

ANSWER: B

J cos’ x sinx dx, testing solutions:

(cos4 x) =4cos’ xx—sin x

AN

(cos4 x) = cos’ xsinx

o —

da
dx

1 .
7 cos’x=| cos®xsinxdx

Which of the following is the correct expression for the inverse of f(x)=e'>"?

ANSWER: D
Lety=¢"™
y:el—Zx
Iny=1-2x
2x=1-Iny
1
x=—(1-In
5 (1-Iny)

s (X)) 2%(1—111)/)




9 Three Mathematics study guides, four Mathematics textbooks and five exercise books are
randomly placed along a bookshelf. What is the probability that the Mathematics textbooks are

all next to each other?

41
A i
(A) 12!
ol
B -
(B) 12!
41315!
C
© 12!

419!
(®) =

10 A particle moves on the x-axis with velocity v m/s, such that v* = 16x — x°.

ANSWER: D

Since there are 9 elements counting the
textbooks as 1 element, hence these can
be arranged in 9! ways. Also the
textbooks can be arranged in 4! ways.

As there are 12 separate elements, the
divisor for population can be counted in
12! ways.

141
Therefore, the probability is %

2

Which of the following is the particle’s maximum speed and the position of where

this maximum speed occurs?

(A)  Maximum speed = 16 m/s atx =0
(B)  Maximum speed = 8 m/s at x =—8

(C)  Maximum speed =—-8 m/s atx =8

Maximum speed = 8 m/s at x = 8

ANSWER: D

Vv =16x —x*

2

-lv2=8x—2L

2 2
fi.lﬁ =8_zf
dx\ 2 2
=8—x
X=8-x

When X =0 the speed is the greatest so,
X=8-x

0=8-x
x=38
At x =8,

v =16x—x’
=16(8)—(8)’
=64

v =18

As v, velocity can take positive and
negative values, but the speed can only
be positive, the maximum speed is
8m/s.
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