St George Girls High School

Trial Higher School Certificate Examination

General Instructions Total marks - 70

¢ Reading time - 5 minutes

e Working time - 2 hours

e Write using black pen.

e Write your student number and your class
teacher’s name on each booklet.

e Board-approved calculators may be used.

o The mark allocated for each question is listed
at the side of the question.

s Marks may be deducted for careless or poorly
presented work.

¢ A table of standard integrals is provided.

e A multiple choice answer sheet is provided
for Section L.

Section I — Pages 2 to 4

10 marks

o Attempt questions 1 to 10

¢ Allow about 15 minutes for this section.
e Answer on the sheet provided.

Section II - Pages 5 to 10

60 marks

e Attempt questions 11 - 15.

e Allow about 1 hour 45 minutes for this
section.

e Begin each question in a new booklet.

e Show all necessary working in
questions 11 - 15.

Students are advised that this is a trial Examination only and does not necessarily reflect
the content or format of the Higher School Certificate Examination.
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Section I:

Multiple Choice (Each question is worth 1 mark)

Answer this section on the multiple choice answer sheet provided.

I.  The acute angle between the lines x — 2y + 1 = 0 and 2x —y — 1 = 0 is closest to:

A, 37°
B. 45°
C. 90°
D. 143°

2. The point P divides the interval from A (-2, 2) to B (8, -3) internally in the ratio 3:2.
What is the x coordinate of P?

A 4
B. 2
C. 0
D. -1

dx
. - Howing i i ?
3 Which of the following is the correct expression for f 91 25,2

A. —tan1Z 4

15 5
B. —tan ¥ 4¢

25 5
C. —tan1Z+¢

25 3
D. Ztan X+ ¢

15 3
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4, A curve has parametric equations x = t — 3 and y = t2 + 2. What is the Cartesian
equation of this curve?

A y=xt-x—-1
B. y=x*+4+x—-1
C. y=x*—6x+11
D. y=x*+6x+11
5. A particle is moving in a straight line with v? = 36 — 4x? and undergoing simple
harmonic motion. If the particle is initially at the origin, which of the following is the
correct equation for its displacement in terms of t? (v is the velocity and x is the
displacement of the particle).
A. x =2sin(3t)
B. x =3sin(2¢t)
C. x=2sin(9t)
D. x = 3sin(4t)

2
x —
6.  Solve the inequality " =0

A —-2<x<0orx=2
B. -2Z2x>0o0rx<2
C. —4<x<0orx=24

D. 4z2x>00rx<4

1 4x
7.  What is the value of f 0 dx ? Use the substitution = 2x + 1.
2x+1
A, 2-log,2
B. 2-log.3

C. 4-—2log,2
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D. 4-—2log,3
8. What is the correct expression for the indefinite integral [(cos? x + 2 sec? x)dx ?

10.

A. %x+i—sin2x+tanx+6‘
1 1,

B. Ex—;stx-f—tanx—FC

C. §x+%sin2x+2tanx+(3

D. éx—isin2x+2tanx+c

9
What is the term independent of x in the expansion of (xz -~ z) ?

A, Cs(=2)3
B. Cs(-2)8
C. “Cs(2)?

D. “Cs—(2)"

A particle moves in a straight line with a displacement of x and velocity of v. When

t = 0 the acceleration is 3x2, velocity is ~v2 and displacement is 1. Which of the
following is the correct equation for x as a function of ¢ ?

-2
A x=—73
T (D)
B. x= —iz
(t~v2)
C x=—2
(t+v2)
o2
(t-v2)"

End of Section I
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Section II:
Answer each question in a SEPARATE writing booklet.

In Questions 11, 12, 13, 14 and 15 your responses should include relevant mathematical
reasoning and/or calculations.

Marks
Question 11 (12 marks) Start a new booklet
a)  Use Newton’s method to find a second approximation to the positive root of
—2sinx = 0 . Take x = 1.6 as the first approximation.
2
b} Solve:
2
[2x — 1] = |x|

c) A particle moves in a straight line and its position (x) at any time (¢) is given by:
x =1+ V3 cos4t + sin 4t

(i) Prove the motion is simple harmonic.

2
(i) When does the particle first reach maximum speed? (¢ > 0)

2

d) P (2p, p?) and Q (24, 9?) are two points on the parabola x% = 4y. M is the
midpoint of PQ.

() Prove theidentity (p — q)% = 2(p? +¢*) ~ (p + ¢)?

|
(i) If P and @ move on the parabola so that p — q = 4, show that the locus

of M is the parabola x% = 4y — 16
2

(1if) What is the focus of the locus of M?
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Marks
Question 12 (12 marks) Start a new booklet

a) The polynomial equation 8x* — 36x2 + 22x + 21 = 0 has roots which form an
arithmetic progression. Find the roots.

b) A is the top of a vertical radio mast 4B standing on level ground. Two points C
and D are on ground level such that C is due East of B and D is 500 metres due
North of C.

A

NOT DRAWN TO SCALE

E

The angle of elevation of 4 from C is 11°13’ and the angle of elevation of 4
from D is 8°14". Calculate the height of the tower to the nearest metre.

c) The velocity V of a particle decreases according to the equation:

dv
T —k(V — P)

where ¢ is the time in seconds and k is a positive constant. The initial velocity of

the particle is 0 ms™?! and the terminal velocity P is 60 ms™1.

(i) ShowthatV = P + Ae™* where A is a constant, satisfies the given

differential equation.

(ii) Find the value of k if the velocity of the particle after 10 seconds is
35 ms ™. Give your answer correct to two significant figures.
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Marks
Question 12 continued

d) ABCD is a cyclic quadrilateral. EAF is a tangent at A to the circle. CA bisects

£ZBCD.
E
A

NOT DRAWN TO SCALE

C

Show that EAF || DB.
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Marks
Question 13 (12 marks) Start a new booklet
a) (i) Show:
T
sinx — cosx = V2 sin (x _Z)
2
(ii) Hence sketch the graph of y = sinx —cosx, for 0 < x < 2m.
2
(111) Show that x = g is a solution to sinx — cos x = 1 and hence solve
sinx —cosx >1 for0 < x < 2m.
2
b)  Prove:
in~lX4ginl—="
Sin NG -+ sin VTS
3

¢}  Use mathematical induction to show that the expression 7™ + 5 1is divisible by 6

for all positive integer values of n.
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Marks
Question 14 (12 marks) Start a new booklet

a)  Water is pumped into a conical vessel at a constant rate of 24 cm?® per second.
The depth of the water is ‘4’ cm at any time ‘¢” seconds

30 ecm

NOT DRAWN TO SCALE

What is the rate of increase in the area of the surface °S” of the water when the
depth is 16 cm.

4
b) In the expansion of (1 + ax)™ in ascending powers of x, the first three terms
are:
14+ 6x+16x%+ ...
(1) By comparing coefficients write two equations in a and n.
2
(ii) Hence find the values of a and n.
2
¢} A particle is performing Simple Harmonic Motion in a straight line. At time ¢
seconds it has displacement x metres from a fixed point O on the line, velocity
v ms~! and acceleration in ms™? given by ¥ = —4(x — 1). When the particle
is at the centre of its motion it has speed 6 ms™?,
(i) Show that v?2 = —4x? + 8x + 32.
2

(ii) Find the period and amplitude of the motion.
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Marks
Question 15 (12 marks) Start a new booklet

a) State the largest possible (natural) domain of the function:

2
y =log,(sin"! x)
b) A stone is projected from the top of a 80 metre high vertical cliff with an initial
velocity of V ms at an angle of projection of 8. It reaches its greatest height after
3 seconds and hits the ground at a horizontal distance of 320 metres from the foot
of the cliff. Assume g = 10ms 2.
(i) Using the top of the cliff as the origin, the horizontal position of the
stone is given as x = V cos 8t. Show that the vertical component of
the parametric equations of the path of the stone is:
y=—5t2+Vsin6t
2
(i)  Show that V sin 8 = 30.
1
(i)  Find how long it takes for the stone to reach the ground.
1
(iv) Show thatV cos 8 = 40
1
(v)  Find the value of V and the angle of projection.
1
c) (1)  Show that for all positive integers n,
[+ + A+ 2+ -+ A+ + (1 +0)+1] =1 +x)" -1
1
(i) Henceshowthatforl <k <n
(n—1)+(n—~2)+(n——3)+ +(k—1) _(n)
k=1 " \k-1/ " \k-1 k=1 \k
1
n—1y _. n
(iii) Show that n( . ) = (k+1) (k+1)
2

End of Paper
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