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e Reading time — 5 minutes

e Working time — 2 hours

e Write using black pen

e NESA approved calculators may be used

o A reference sheet is provided with this paper

e Leave your answers in the simplest exact form, unless
otherwise stated

e Marks may NOT be awarded for messy or badly arranged
work

e [n Questions 11-14, show ALL relevant
mathematical reasoning and/or calculations

Section | — 10 marks (pages 3 - 7)

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

Section Il — 60 marks (pages 8 - 16)

e Attempt Questions 11-14
¢ Allow about 1 hours and 45 minutes for this section



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 In the diagram, AC is a diameter of the circle ABCDE. If ZADE = 28°, the size of the angle

CBE is:
A
B
E
D
C

A. 56°
B. 62°
C. 72°
D. 76°

2 A particle is moving in simple harmonic motion with displacement X.
Its velocity V is given by v* = 4(25— 7).

What is the amplitude A of the motion and the maximum speed of the particle?

A =2 and maximum speed V=5
A =2 and maximum speed v =10

A =5 and maximum speed v =10

oo w

A =5 and maximum speed V=5

_3_



What is a general solution of tan3x =tana?

A. X=nr+a,for neZ
a
B. x:nﬂ+§,f0r neZz
n —
C. X= ﬂ3a,f0rneZ
D. x=n7[3+a,f0r neZ

The equation sin X = x> —10 has a root close to X = 7 . Use one application of Newton’s

method to give a better approximation, correct to 4 decimal places.

A. -3.1595
B. 3.1595
C. 3.1237
D. —3.1237

ABC is a triangle inscribed in a circle. The tangent to the circle at A meets BC produced at D

where BC = 10cm and AD = 12cm. What is the length of CD?

A

2cm

A. 6 cm
B. 7 cm
C. 8 cm
D. 9cm



6 Which of the following is the range of the function y = 2sin™' x +%?

A. -T<Y<rx
3z
B T <Yy<—
y 2
Vs Vs
C ——<y<—
2 Y 2
D. Ty
2 2

7 Which of the following graphs could be used to solvecos x+Xx=07?
A. B.




8

Let k be a positive constant and —z < @ < . If the diagram shows the graph of

y = tan"' (kx + &), then:

k=-3and =2
2

k:l and 022
3 2

k =3 and 9=—£
2

k=_—1 and Hz—z
3 2




9 Find sin(Z tan™ %)

A. 3
4
B, 3
5
C. 4
5
D. Bl
3
10 Finding lim sin 4x
A. 1
4
B. 4
C. 2r
D. z
8

gives



Section I1

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.

(a) Find the derivative of

i 2
) 1+
ii) sin(cos” X +€") 2
1 1 1
(b) Find the exact value of || e + + dx 2
! I1+Xx /(1 -x%)
(X Vi
(c) Using the substitution u = x* or otherwise, show that '[1 5 dX=E 3
o 1+X

Question 11 continues on page 9



Question 11 (continued)

(d) Solve ————>0 2

(e) A balloon rises vertically from level ground. Two projectiles are fired horizontally 4
in the same direction from the balloon at a velocity of 80ms™ . The first is fired at
a point 100 m from the ground and the second when it has risen a further 100 m
from the ground. Assume the balloon is stationary when the projectiles are launched, how far

apart will the projectiles hit the ground? (Useg =10ms™)

End of Question 11



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

T

N

1
(a) Given that J. f(x)dx =5 and J. f(x)dx=2 , find the value of a given that 2
0

FNIE

(f()+asin2x)dx=10

R[N —— o

(b) The independent term in the expansion of (2+ X)" and the independent term in the expansion

of (2—ax)’™" are in the ratio of 1: 8.

1) Find the value of n. 2

ii) Hence, given that the coefficient of X2 in the expansion (1+X)(2—ax)*""' 3

is 160, find the value(s) of a.

sin® @+ cos’ 0 _ 2-sin260

sin@+cosf 2

(©) i) Show that

: .3 3
ii) Hence or otherwise, given that M—COSH = ’ , show that sin26 = 3 1
sinf+cosf 10 5

iii) Given further that 20 is an acute angle, find the value of tan 36. 2

(d) Use the t-formulae to solve 3sind—4cosd=4 for 0<0<L2x 3

Where appropriate, leave your answer correct to 2 decimal places.

End of Question 12
~ 10—



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

(2)

(b)

(©)

6 n
Given that the coefficient of the Lz term in the expansion (g - X] - (1 +gj is 128, 2
X X X

find the value of n.

P is the point (2at, at?) on the parabola 4ay = x> and £ is the tangent at P.

1) Prove that the equation of £ is y =tx —at’ 1
ii) If £ cuts the x-axis at A and the y-axis at B, find the coordinates of A and B. 2
1i1) In what ratio does P divide AB? 2
v) What is the slope of the line joining P to the focus S? 1
V) Show that £ makes equal angles with y-axis and with PS. 2
A machine produces bolts to meet certain specifications and 90% of the bolts 2

produced meet these specifications. For a sample of 10 bolts, find the probability (in

fractions) that exactly 3 fail to meet the specifications.

Question 13 continues on page 13

12—



Question 13 (continued)

(d) A cable car is travelling at a constant height of 45m above the ground. An observer on the
ground at point O sees the cable car on the bearing of 335°T from O with an angle of
elevation of 28°.

After 1 minute the cable car has a bearing of 025°T from O and a new angle elevation is 53°

- P
’ ’ ~
/” .
“.' oy - T —
D i
5
Find the distance, to the nearest metre, the cable car has travelled in that minute 3

End of Question 13

— 13 -



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

(a) O is the centre of the circle ABP. MO 1 AB. M, P and B are collinear.
MO intersects AP at L.

1) Prove that A, O, P and M are concyclic.

ii) Prove that Z/OPA = ZOMB.

(b) Prove by Mathematical Induction that the sum to n terms of the series

2 : " . e
log(Tj+210g (%]+3log(gj+... 18 logw for n is a positive integer.
n:

Question 14 continues page 15

— 14—



Question 14 (continued)

(c) The diagram shows a pond KLMN in a park. LK = 8 metres and KN = 12 metres.
ZLKN = ZLMN = 90° and ZKLM = @, where 0° < < 90°.
The perimeter of the pond is P metres and QK L LM .

|
|

| N
|
|
|
|
I
|

L L] M
Y

1) Find the values of the integers a, b and d for which P=a+bcos&+dsind

ii) Express P in the form of a+ Rsin(6 —«), where R> 0 and 0° <« <90°

1ii) Hence, find the value of & (to 1 decimal place) when P = 38 metres.

Question 14 continues page 16

—15 -



Question 14 (continued)

(d) A frustum of height H is made by cutting off a right circular cone of base radius r from

a right circular cone of base radius R (Figure 1).

It is given that the volume of the frustum is% H(r’ +rR+R%).

10 cm

hom

Figure 1 Figure 2
An empty glass is in the form of an inverted frustum described above with the height 10 cm,
the radii of the rim and the base 4 cm and 3 cm respectively. Water is being poured into the

glass.

Let h cm (0 < h < 10) be the depth of the water inside the glass at time t second (Figure 2).

1) Show that the volume V ¢cm?® of water inside the glass at time t is given by
V =——(h* +90h* +2700h) 2
300
ii) If the volume of water in the glass is increasing at the rate 77 cm?s™, 2

find the rate of increase of depth of water at the instant when h = 5cm.

End of paper
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SECTION |

1

MULTIPLE CHOICE SOLUTIONS

In the diagram, AC is a diameter of the circle ABCDE. If ZADE = 28°, the size of the angle

CBE is:

A Construct AB.

& LABE =28°
ZABC =90°
. ZCBE =90°-28°

—62°
E
D
C

56° A 5
. B 150

C 6
720 D 0
76°

(s in the same segment)
(£ in a semi-circle)

A particle is moving in simple harmonic motion with displacement x.

Its velocity v is given by v* =4(25—x7).

What is the amplitude A of the motion and the maximum speed of the particle?

A.

SHM about x = 0:

A =2 and maximum speed v=5
A =2 and maximum speed v =10
A =5 and maximum speed v =10

A =5 and maximum speed v =5

v=0=x*=25

Sx=35

A 6
B 13
C 140
D 2

Amplitude when v = 0 and Max speed at x = 0



3 What is the general solution of tan3x =tan o ?

A. x=nr+a,for neZ tana=c=o=nm+tan"' ¢
stan3x =tana = 3x=nr+ 0O
B. x:nn'+g for neZ nT+o
3 SX=
3
A 1
nw—o
C. x= ,forneZ B 12
C 0
D

x=n7[3+a,for ne e

4 The equation sinx = x* —10 has a root close to x = 7 . Use one application of Newton’s

method to give a better approximation, correct to 4 decimal places.

A. -3.1595 Let f(x)=sinx—x"+10
’ s f(x)=cosx—2x
6 3.1595

C. 3.1237 L=

D. -3.1237 : 1(m)

=3.1595
A 0
B 158
C 1
D 1

Someone left this question blank!



5 ABC is a triangle inscribed in a circle. The tangent to the circle at 4 meets BC produced at D

where BC = 10cm and 4D = 12cm. What is the length of CD?

A
12 cm
B 10 cm C D
A. 6 cm AD* = BD.CD (square of the tangent)
B. 7 em - 144=(10+CD)CD
+.CD*+10CD~-144=0
@ 8 cm -.(CD—-8)(CD+18)=0
D. 9 cm (D=8
A 9
B 6
C 144
D 1

Someone left this question blank!

6 Which of the following is the range of the function y =2sin™ x+§‘?

A EEysm “Zcsin'x<Z
2 2
RY/4
B r<y<t I sooi Ecogint x4 Ecox By
2 2 2 2
T ju .'.—ZSZSin_'x+£S3—ﬂ
C. ——<y<o 2 2 2
2 2
A 9
) 2 B 6
C 0
D 146




7

Which of the following graphs could be used to solvecosx+x=07?
B.

A.

A has the graph of sinx
B has the graph of y =1 —x
C has the graph of sinx

A 2

B 10
C 11
D 138




8 Let & be a positive constant and —7 < @ < rr. If the diagram shows the graph of

y=tan" (kx+86), then:

__/
[ — - - -
A. k=-3and =2 A 25
2 B 6
B. k=Yandg=% C 127
3 2 D 3
@ k=3 and =-"
2
-1 T
D. k=—and 6=-=
3 2

The graph has shifted % units to the right.

Now tan™'(kx+6)=tan™ k(x+£) and so £ must be negative.
As k>0then 6<0.




9 Find sin[2 tan ' %]

10

A >

4
B. 3

5

4

5
D. >

3
Finding Tim S™-4~

x—0 X

A. 1

4

:

C. 2w
D. z

8

gives

1st method:

Slow method:

Use calculator

Let o =tan

-1

1 =1
2:>tana—2

s.sino = ﬁ,cosa = ﬁ

~.sin(2a) =2sina coso

ZXﬁXﬁ

(VNN

Obviously A and D are clearly wrong as

B by inspection.

lim

—1<sinf<1.

A 1
B 0
C 160
D 0

1st method:

Slow method:

x—0

A 7
B 154
C 0
D

sin4x

X

. sindx
=4 x lim
4x-0 4x

=4x1
=4
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'Many careless errors with this question, including forgetting

the negative sign when integrating and not noting the order

of the bounds in the given information.
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Ext 1 Y12 THSC 2018 Q14 solutions

Mean (out of 16): 9.02
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Many students referred to reasons such as “angles in
the same segment” even though it had not yet been
determined that the points were concyclic. Students
should refer to the converse of such results. On this
occasion, students were not penalised.

0 0.5 1 1.5 2 Mean
24 18 10 12 97 1.43

Gy <eme (= <oMﬂ“<’0k?
(Mﬁv Skarding on Seme afe)
ot = 04 (emdi)V
!, Lo AP= <o PA (bw arviloy of
rfgfwlﬂJKokl’)
L LomMB = <LoRA  ar r.m;v-M@

One student used the elegant proof that the required
angles stood on the chords OA and OP (which are radii
of the original circle and therefore equal) and hence
the angles at the circumference of the newly
identified circle must be equal.
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Chep 3.

This was poorly done. Some students could not

identify the general term of the series (k log %),

log(k+1)k

some thought that the target expression was o

)

rather than log . Students who could identify the

general term and who used the correct target



generally were successful. Some arguments used were

sloppy. Some wrote things like “Assume n = k” and
then “Prove n = k+ 1”. If you assume that n = k then it
follows thatn + 1=k + 1.

0 0.5 1 1.5 2 |125] 3 | Mean

11 56 16 0 0 4 | 74| 171

[ LY
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K

This was found to be quite difficult. The supplied
shape allowed expressions for each of the
components of the perimeter to be found in terms of
sin @ and cos 6.

0 0.5 1 1.5 2 Mean

57 18 5 3 78 1.08

i) 205:~8 “.LME:.EJ..‘E‘!L.(ML‘%}
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_.L
tan A =&

/. P20 £[41L sa‘n(ﬁ—{éﬁ’fk_)
= 20 + J#16_ Sim (9—-—-ll-si°)

Students who came out with some expression for the
perimeter in part (i) were normally able to generate
appropriate expressions for P.
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Students who came up with an expression in part (ii)
could normally calculate a value for 6. (However,
sometimes the expression determined in part (ii) led
to a value for sin 8 which was greater than 1. This did
not seem to trouble anyone.)
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Students who found an appropriate expression for the
radius of the surface of the liquid generally
succeeded. A few students decided that they would
ignore the supplied formula and find the volume of
required frustum from scratch, deducing that the
heights of the associated cones were 30 and 30 + h.
They normally arrived at the correct equation.
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This was normally done well by students who

attempted it using the supplied formula for the
volume in part (i).
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