Student Number:

Class Teacher:

St George Girls High School

Trial Higher School Certificate Examination
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Total Marks - 70

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.

In Questions 11 - 15, show relevant
mathematical reasoning and/or
calculations.

Marks may not be awarded for
incomplete or poorly presented
solutions.

Section | /10

Section II
Question 11 /12
Question 12 /12
Question 13 /12
Question 14 /12
Question 15 /12
Total /70

SECtIOI’l 1 Pages 3-6

10 marks

Attempt Questions 1 - 10.

Allow about 15 minutes for this
section.

Answer on the multiple choice
answer sheet provided at the back
of this paper.

Section Il | Pages 7 -13

60 marks

Attempt Questions 11 - 15.

Allow about 1 hour and 45 minutes
for this section.

Begin each question in a new
writing booklet.
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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 What is the size of the acute angle between y = 3x and y = —2x + 1, correct
to the nearest degree?

(A) 36°
(B) 135°
(C) 11°

(D) 45°

cos3a sin3a

2 Simplify — .
sina  cosa

(A) tanZa
(B) cot2a
(C) 2tan2a

(D) 2cot2a

3 What is the maximum value of the function y = sinx — /3 cos x + 1.

a) 1
(B) 2
€ 3

(D) 4
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4 The area of arectangular baris A = 50L — L?, where L is the length of the bar.
The bar is heated and its length increases at the rate of 0.08 cm/min.

At what rate is the area of this bar increasing when L = 15cm?

(A) 3.6 cm?Z/min
(B) 2.4 cm?/min
(C) 1.6 cm?/min

(D) 0.8 cmZ/min

5 Find the value of a, if (x + a) is a factor of P(x) = x> + ax? + 2x + 1.

A) —=
(B) +1
© =

2

(D) +

Sl

6 Ify=mn* findZ—zwhenx = 1.

(A) 1

(B) m

(€ wlnm
(D) xm—Inx
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. * dx
7  What is the exact value of j ?
o X2 +16
s
(A) —
V3
B)
V3
@ 3
V3
(D) 7

8  Which of the following is the range of the function = 2sin™? x + % ?

(A) yeERi—r<y<m
(B) yeRi—m <y <™
€ yeER-><y<~
D) yeR-Z<y<™

9 AT is tangent to the circle at T. C
AC cuts the circle at B.
AB = 16,BC = 9,and «2TBC = 90°.
9
Which is the length of TC, correct B
to the nearest whole number?
16
A T
A) 9
(B) 15
(C) 22
(D) 25
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10 Which of the following is an expression for tan(cos™! x)?
(A) V1 —x?

V1 — x2

X

(B)

X

(e
T+

(D) Vi+x?

X

End of Section |
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Section 11

60 marks

Attempt Questions 11 - 15

Allow about 1 hour and 45 minutes for this section

Answer each question in the appropriate writing booklet.

Your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (12 marks) Use a separate writing booklet Marks
(a) Solve |x—7| < |3 —x|. 2

b) Find d in~* 2
(b) in I (xsin™" x).

(c) The point R divides the interval from A(—10,8) to B(—5,—1) 2

externally in the ratio 1:2.
Find the coordinates of R.

(d) Find jseczxtanx dx . 1

in(m +
(e) Evaluate limw.
x—0 X

(f)  The points A, B, C, and D lie on a circle with centre O, such that AD 3
is a diameter. The point E lies on the circle so that OE is parallel to
CD. £OAE = 25°.

Find the size of ZABC, giving reasons. ¢

25°



St George Girls High School
Trial HSC Examination — Mathematics Extension 1- 2018

Question 12 (12 marks) Use a separate writing booklet
4x —1 -

(a) Solve 12 = 1

(b) Use the substitution u = x + 1 to find the value of

(c)

(d)

3 x
J dx.
0 x+1

The velocity v m/s of a particle moving in simple harmonic motion
along the x-axis is given by v? = 6 + 4x — 2x?, where x is in
metres.

i) Between which two points is the particle oscillating?
ii) Find the maximum speed of the particle in exact form.
iii) Find the acceleration of the particle in terms of x.

Find the general solution of 2sin?x — 1 =0.
Give your answer in radians.

Marks

Page 8
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Question 13 (12 marks) Use a separate writing booklet

(a)

(b)

(c)

Two points P(2ap, ap?) and Q(2aq, ag®) (where p > g > 0) lie on

the parabola x? = 4ay.

i) Derive the equation of the tangent to the parabola at P.

ii) Find the coordinates of the point of intersection T of the

tangents to the parabola at P and Q.

iii) Show that if the tangents at P and Q intersect at 45°, then
p—q=1+pq.

iv) Find the locus of T by evaluating the expression x? — 4ay at T
and using the result in part (iii).

Express 2 sin x — 3 cos x in the form R cos(x + a), where R > 0

and 0 < a < 2m. Give the value for a to 1 decimal place.

At time t years after the start of the year 2000, the number of
individuals in a population is given by N = 80 + Ae°t, for some
constant A > 0.

If there were 100 individuals in the population at the start of the
year 2000, during which year is the population expected to reach
2007

Marks

Page 9
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Question 14 (12 marks) Use a separate writing booklet Marks

(a) i) Use the sum of the terms of an arithmetic series to show that 1
(1+2+3+-+n)?= %nz(n+ 1)2.
ii) Prove the following expression by mathematical induction: 3
13+23+--+n3=({1+2+ -+ n)?forallintegersn > 1.
(b) i) Divide the polynomial f(x) = 2x* — 10x> + 12x2 + 2x — 3 by 2
gx) =x?—-3x+ 1.
ii) Hence express f(x) in the form f(x) = g(x)q(x) + r(x), 1
where g(x) and r(x) are polynomials, and r(x) has degree less
than 2.
iii) Hence show that f(x) and g(x) have no zeroes in common. 1

Question 14 continues on next page

10
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Question 14 continued

(c)

Coal is poured at a constant rate of 1.5 cubic metres per second
from a ship onto a conical pile on a dock.

The angle at the apex of the cone is a constant g radians.

At time t seconds the height of the cone is h metres and the radius
of the base is 7 metres.

s
3

h
(i) Showthat r =—.

V3
(ii)  Show that the volume of the pile, V m3, is given by
. h3
=5

(iii) Hence find the exact rate at which the height of the pile is
increasing when the height of the pile is 6 metres.

11

Page 11

Marks
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Question 15 (12 marks) Use a separate writing booklet

(a)

(b)

X
Use the substitution t = tanz to show that

T snx C—Ozi)rclx = tan (45° + ;)

A firework is launched from a point (0, 0) with a velocity of V m/s
at an angle of 0 to the horizontal.

This firework explodes when it reaches its maximum height.

Use the axes as shown, assume that there is no air resistance, and
that the position of the firework t seconds after being launched is
given by the equations:

x = Vtcos68 and Y N
y =Vtsiné —%gt2 M

0 .
(Do NOT prove these results) 0

i) Show that the maximum height reached where the firework
explodes is given by V2sin2 0

ii) A second firework is launched from a point (0,0) with a
velocity of% m/s at an angle of 26 to the horizontal and also

explodes when it reaches its maximum height.
Given that the two fireworks reach the same maximum height:

a) Show thatcos@ = % :

B) Ifv? = 98g, find the maximum height reached by the two
fireworks.

Question 15 continues on next page

12

Page 12

Marks
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Question 15 continued Marks

(c)

The region enclosed by the semicircle y = V1 — x? and the
x-axis is to be divided into two pieces by the line x = h,
where0 < h < 1.

Va
1

A

-1 0

The two pieces are rotated about the x-axis to form solids of
revolution. The value of h is chosen so that the volume of the solids
are in the ratio 3:2.

i) Given that the volumes are in the ratio 3:2, show that 3
5h® —15h 4+ 2 = 0.

ii) Given h; = 0 as the first approximation for h, use one 1
application of Newton’s Method to find a second
approximation for h.

End of examination

13

















































































	St George Girls High School

