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Girraween High School
2020

TRIAL HIGHER SCHOOL CERTIFICATE
EXAMINATION

Mathematics Extension 2

Total Marks: 100

Section 1 (Pages 2-4) 10 Marks

e Attempt Q1 -QI0
e Allow about 15 minutes for this section

General Instructions

e Reading time: 5 minutes Section 2 (Pages 5-11) 90 marks

e Working time: 3 Hours e AttemptQl1-Ql6

e  Write using a black or blue pen

e Board approved calculators may be used

e Laminated reference sheets are provided

e Answer multiple choice questions by
completely colouring in the appropriate
circle on your multiple choice answer sheet
on the front page of your answer booklet.

s In questions 11-16 start all questions on a
separate page in your answer booklet and
show all relevant mathematical reasoning
and/or calculations,

e Allow about 2 hours and 45 minutes for
this section



Section 1 (10 marks)
Attempt Questions 1-10

Allow about 15 minutes for this section

Question 1

fx3cosx.dx =

(A) —x3sinx + 3 [ x? sinx. dx B) —x3sinx — 3 [ x% sinx. dx
(C) x3sinx — 3 [ x% sinx.dx (D) x3sinx + 3 [ x? sinx. dx
Question 2

ex
— dx =
f\/1 —e2x *
(A) fl_-ln(l —e*) 4 C B) sin"*(e¥)+C (C)tan *(e*) +C

D) cos™1(e*)+ C

Question 3
Smi
2e 6 =
(A)V3—i B) V3 +1i (C)—V3—i D) —V3+i

Multiple choice continues on the following page



Question 4

Which of the following diagrams shows Arg(z — 1 + 2i) = — 73—r?
(A) B)

© D)

v3e

Question 5

The contrapositive of “If it barks it’s a dog” is

(A) “If it doesn’t bark it isn’t a dog” (B) “If it’s a dog it will bark”
(C) “If it doesn’t bark it’s a dog” (D) “If it isn’t a dog it doesn’t bark”
Question 6

Which of the following is true?

(A)Va € Z¥ 3b e Zt:b=a? B)YaeZ*3beZt:b=3a
C)VaeZt*s3beZt:a=h3 M)Va>3beZt:b=ad’

Multiple choice continues on the following page
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Question 7

If a and b are entirely imaginary then which of the following is true
(A) a’+b%?>2ab B)a’?+b?<2ab (C)a?+b?=2ab
(D) Any of the above can happen.

Question 8
A particle moves in a straight line. At one point, x = 6, v = 8 and a = 18. An equation of

motion for the particle could be

(A)v2=%3—8 B)v>=x?+28 (Ov=x+2 (D) v? = 3x?

Question 9
A particle moves with simple harmonic motion so that v = 27 — 18x — 9x2. The period

and amplitude of the motion are

(A) Period = %E seconds, amplitude =3m (B) Period = 3371 seconds, amplitude = 2m

3
(C) Period = --271 seconds, amplitude = 3m (D) Period = F—;-/-—E seconds, amplitude = 2m

Question 10
The cartesian equation of the line { + 2j — k + A(2{ + 3j + 4k)
1s

+1 +2 +1 -1 -2 +1 -2
W == B —=X=="1 (C)x—-2=yT=z+4

Examination continues on the following page
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Section II (90 marks)

Attempt Questions 11-16

Allow about 2 hours and 45 minutes for this section

Start the answers to each question on a separate page in your answer booklet.

In Questions 11-16 your responses should include all relevant mathematical reasoning and/ or

calculations.

Question 11 (15 marks) Marks
@lfz=1-iV/3

(1) Express z in modulus/argument form 2

(i) Find z3 and show that it is real. 2

(b) If O is the origin, 04 = 2 + i and OC = 1 + 2i (see diagram)

¥ ¢
A
O X
(1) Find B so that 0ABC is a thombus. 1

OB 1
(11) By finding o3 show that tan £AOB = 3 2
-1(1 -1y
(i1i1)) HENCE show that tan (3) + tan (2) =3 3

Question 11 continues on the following page
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Question 11 (continued)

(¢) (i) By letting (x + iy)? = 3 — 4i, find V3 — 4i

(ii) Hence solve the equation z2 + (4 —i)z+ (3—i) =0

Question 12 (15 marks)

. -13x-10 . A B ¢
(@) () Bxpress ¢ Nty M e oM o T o T o)
(ii) Hence find [ —10_ gy

(+12(x—2) °

(b) Find [ dx

sinx—cosx—1"

(¢) Find [ e*cosx.dx

(d) (i) Show that % cotx = —cosec?®x

A

Letl, = [# cot™x.dx
4

. 1
(11) Show that I, = ——1 -2
(111) Hence find I

1,1 1 1
(iv)GiventhatIn—>0asn—>00,ﬁndlim1—§+-5-—;+5—"'

n—co

Examination continues on the following page
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Question 13 (15 marks) Marks

(a) Prove by contraposition that if n? + 6n is even, then n is even. 3
(b) Prove by contradiction that log, 11 is irrational. 3
(c) Prove by induction that 3™ > n? for all positive integers n > 1 3
(d) Prove for all integers x, y that if 10x + y is divisible by 17,3y — 4x 2

is also divisible by 17.
(e) () Prove a®? + b? > 2ab foralla,b €R 1

(i1) Hence or otherwise prove a* + b* + ¢* + d* > 4abcd foralla,b,c,d € R 2
p

wtx+y+z

(ii1) Hence or otherwise prove > Y/wxyz forall w,x,y,z > 0. 1

Question 14 (15 marks)
(a)pr=£'+2]_'—Eandq=2£—j+k_

(1) Find p.q 1
(1) Find the angle between p and q. 1
(1i1) Find Proj,q 1

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

12
(b) (1) Show that the point <—6) lies on the sphere
6

(x —10)% + (y + 12)2 + (z — 14)? = 104.

12 1
(i1) Show that the line (—6) + /1( 3 ) forms a diameter of the sphere
6 -4

x —10)%2 + (y + 12)? + (z — 14)? = 104 and find the other point at
p

which the line intersects with the sphere.

-8 6 12 1
(iii) Show that the line <12) + A| —8 |is skew to the line | —6 | + /1( 3

2 5 6 -4

—8 6
(iv) Find the points of intersection of ( 12) + A <—8) and the sphere
2 5

(x —10)2 + (v + 12)% + (z — 14)? = 104.

-8 6
(v) Show that the line (12) + A (—8) passes directly above the centre of
2 5

the sphere (x — 10)2 + (y + 12)2? + (z — 14)? = 104 and find the point
at which this happens.

Examination continues on the following page
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Question 15 (15 marks)
(a) The depth of the water at a wharf is regulated by the tide and can be
modelled using simple harmonic motion. If at low tide at 7:00a.m. the depth

is 5m and at high tide at 1:30p.m. the depth is 13m

(1) Letting the time be measured in hours and t = 0 hours to be 7:00a.m.

write a rule for the depth (x) in terms of time (t).

(ii) A certain boat can only reach the wharf when the depth is greater
than 8m. What are the times this can happen between 7:00a.m. and the next

low tide?

(b) A 5kg projectile is launched at a speed of 600m /s at an angle of 30° up

from the horizontal. It experiences gravity of 50 Newtons and air resistance

. T . 5
opposite to its direction of motion of P Newtons.

(i) Show that ¥ = — -2—56 and y = —-10 — % y where x is horizontal displacement

and y is vertical displacement.

(i1) Show that the initial velocities in the horizontal and vertical directions are

300v/3m/s and 300m/s respectively.

-t t
(iii) Show that ¥ = 300v/3 e ¢ and x = 1800v/3(1 — e76)

(iv) Find the maximum possible horizontal range of the projectile

the range it can never quite reach).

t

) e t
(v) Show that y = 360e 6 —60 and y = —2160e 6 —60¢ + 2160.

(vi) Find the maximum height of the projectile.

Examination continues on the following page
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Question 16 (15 marks) Marks
(a) A projectile is launched vertically upwards from the ground at a speed
of Um/s. It experiences acceleration due to gravity of g m/s? and acceleration

due to air resistance of kv?m/s?.

(1) If x is the vertical height of the projectile above the ground, show that 3
_ 1 g+kU 2)
X =% In (g+kv2 :
.. . . .1 kU2
(ii) Show that the maximum height reached is py In (1 + —g—) metres. 1
(iii) The projectile starts to fall from its maximum height. It continues to 4

experience acceleration due to gravity of g m/s? and air resistance against
its motion of kv2m/s?. Letting down be positive, and the point where the

projectile reaches its maximum height be x = 0, find the ferminal velocity

1
of the projectile in terms of k and g and show that x = —In ( g )
2k g—kv?

(iv) Letting T be the terminal velocity, W be the impact velocity (the speed at 2
which the projectile hits the ground) and keeping U as the initial launch velocity,

1 1
ShOWthatE,—z—+§ =—.

Question 16 continues on the following page
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Question 16 (continued) Marks

(b) (i) Solve z5 — 1 = 0. 1

(i) If w is the root of z°> — 1 = 0 with the smallest positive argument,

1 1
showthatW2+-—3+W+—=—1. 2
w w
(iii) Hence show that x = cos Eg— is a root of the equation 4x2 + 2x — 1 = 0. 1
(iv) Hence find the exact value of cos 2—;” 1
END OF EXAMINATION!!!
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