BAULKHAM HILLS

2019 | HIGHER SCHOOL CERTIFICATE TRIAL EXAMINATION

Mathematics Extension 1

General + Reading time — 5 minutes
Instructions + Working time — 2 hours

+ Write using black or blue pen, black is preferred

+ Calculators approved by NESA may be used

- A reference sheet is provided at the back of this paper

+ In Questions 11 — 14, show relevant mathematical reasoning
and/or calculations

Total marks:  Section | — 10 marks (pages 2 — 5)
70 . Attempt Questions 1 — 10

+ Allow about 15 minutes for this section

Section Il - 60 marks (pages 6 — 11)
+ Attempt Questions 11 — 14
+ Allow about 1 hour 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 to 10.

1. Which of the following is equivalent to tan[ %+ x] ?

R
secx

A —
]l —tan"x
CcOosx — sinx

(B) —_—
Cosx + sinx
sinx + cosx

©) —_—
SINX — COSX
cosx + sinx

(D) —_—
CcOsX — sinx

2. What is the Cartesian equation of the tangent to the parabola x =7-3, y = £+2atr=-37

(A) 6x—y—25=0
(B) 6x+y+25=90
© 6x+y+36=0

(D)  6x+2y-25=0

3. After t years the number N of individuals in a population is given by N = 400 + 100",

What is the difference between the initial population size and the limiting population size?

(A) 100
(B) 300
(C) 400
(D) 500



The expression sinx — 43 cosx can be written in the form 2sin(x + a).

What is the value of a?

@ -3
® -
© 3
® 3

.
. . 2
What is the coefficient of x° in ( 2+ ;] 9

A  Cyx2°
B) C, x 2
5

©  7Cyx2

D) c, x 2’

What is the domain and range of y = 3sin_](2x) ?

1 1 1 1

A in; ——m<x <= - <yp< =

(A) Domain: 2_x_2,Range. 3=V =3
(B) Domain: l< <1R 3~—7T< <3£
omain: —> < x < -, Range: ——- <y <=

: 1 1

© Domain: -2 < x < 2, Range: —§5y5~3~
; 3m 3m
(D) Domain: -2 < x < 2, Range —75};5?



O is the centre of a circle. The line K is tangent to the circle.

What is the value of x?

(A) 30°
(B)  45°
) 60°
D)  90°

A particle is moving in simple harmonic motion about the origin according to the equation

x = 2cos(nt), where X is its displacement from the origin after t seconds. It passes through

the origin with speed 2 ms.

What is the value of n?

@ -2
B

2
©

5

(D)



How many solutions does the equation sin’x + 3sinvcosx + 2cos>x = 0 have in the domain
0<x<2m?

@A) 1

B) 2

< 3

D) 4

o

By using symmetry arguments, what is the value of J cos xdx where -1 <a<1?

a

A 0
am
(B) R
©) am
(D) 2am



Section 11

60 marks
Attempt questions 11 -14
Allow about 1 hour 45 minutes for this section

Answer each question on the appropriate page of your answer booklet
In Questions 11-14, your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Answer on the appropriate page

3

(a) Evaluate J

dx
0 N —.‘r2

. giving your answer in exact form.

(b) The point Ais (-2,1) and the point B is (1,5). Find the coordinates of the point Q which
divides AB externally in the ratio 5:2.

(c) Solve tanfd =sin28 for 0 < @ < m.

(d)  Differentiate y = In(tan™ 2x).

(e) For what values of x, where x # 0, does the geometric series

2

2x ( 2%
1+

+ + ... have a limiting sum?
x+1 X+ 1

() Find the general solution of 3 tan30 = 1.

End of Question 11



Question 12 (15 marks) Answer on the appropriate page

(a)

(b)

(©)

(d)

(e)

Find the acute angle (to the nearest degree) between the lines 3x—-8y—-7=0 and
y=-2x+5 .

Use the substitution =2 + x” to ﬁndj ¥ 2+ x7dy .
1

If @, fand y are the roots of the equation x* —2x* + 4x + 7 =0, find the value of

Qa+DEA+ D2y +1).

The points A, B, C and D are points on the circumference of a circle with centre at O. The
line TA is a tangent to the circle at A and BC is produced to R. The interval OA bisects £ZBAD

and BC=CD. The size of 2DB( is a.

B
(1) Copy the diagram into your answer booklet and explain why £ZDCR = 2a.
(i1) Show that 204D = «a.

(1)  Prove that £4B(' 1is a right angle.

(1) Sketch the graph of y=2sinxfor0 < x < 7.
(i1) On the same set of axes sketch x —3y = 0.

(iii))  Assuming the approximate point of intersection of the two graphs is at X =2.7, use one
application of Newton’s method to find a second approximation. (Answer correct to 3
decimal places).

End of Question 12
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Question 13 (15 marks) Answer on the appropriate page

(a) Let f(x)=5-4x.
(1) Sketch the inverse function y = /~'(x). 1

(i)  Find the equation of the inverse function y=7""(x). 2

(b) The point P(2ap,ap2), where p # 0, is a point on the parabola X’ = 4ay. The line K is
parallel to the tangent at P and passes through the focus, S, of the parabola.

=l

PQap.ap’)

> X

/Q/

6)) Find the equation of the line K. 2

(i1) The line K intersects the X axis at the point Q. Find the coordinates of the midpoint, M, 2
of the interval QS.

(ii1))  Find the equation of the locus of M. 1

Question 13 continues on the following page



Question 13 (continued)

(c) Captain America is standing 60 metres from the base of a building. He is watching
Spiderman climb up the side of the building at a constant rate of 15 m/s.

60m

The angle of elevation from Captain America to Spiderman is . How fast is this angle

increasing 6 seconds after # = 0? (Give your answer in radians/second).

(d) A bag contains 5 balls numbered from 1 to 5. The chance of choosing each ball is the same.
One ball is chosen at random and its number is noted. The ball is then returned to the bag. This
is done a total of five times and the numbers noted are recorded in order.

(1) In how many ways can the five balls be drawn if there are no restrictions?

(i)  What is the probability that each ball is selected exactly once?

(i11)  What is the probability that exactly one of the balls is not selected?

End of Question 13



Question 14 (15 marks) Answer on the appropriate page

(2)

(b)

(©)

(d)

The velocity of a particle moving along the X-axis is given by v = 2(x + 1 )2 m/s.

Find the acceleration of the particle at x = 2.

Use mathematical induction to prove that for all integers n > 1,

4" + 15n — 1 is divisible by 9.

A survey was conducted at Baulkham Hills High School to decide whether a new menu

for the canteen should be implemented. Staff responses were 23% of the total responses and
the remaining 77% were from the students.

It is known that 31% of the staff who responded were in favour of changing the menu and
58% of students were in favour of changing the menu.

Assuming a very large number of responses were received:
(1) Find the probability that a randomly chosen person is in favour of changing the menu.

(11) If 5 survey responses were selected at random, find the probability that the majority of
the responses were in favour of changing the menu.

n

By considering the expansion of x(1+ x)" , prove Z(r + 1) 8C.=2" [ gJF 1]
=0

Question 14 continues on the following page
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Question 14 (continued)

(e) A ball is projected from level ground at an angle of # and a velocity of V m/s. You may

2

assume the equations of motion are x = Vrcos@ and y = — gzi + Visin@ (DO NOT PROVE

THESE RESULTS).

Vsin” @

(1) Show that the maximum height achieved by the ball is 22

(11) The ball just clears a wall of height h metres that is d metres from the point of projection.

¥,

. A
\\ :
o\ | h metres
9, i |V >
d metres
< N X
3. B
Show that the greatest height reached is _dond .
4(dtand — h)
End of paper
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