TRIAL

HIGHER SCHOOL CERTIFICATE
EXAMINATION
GIRRAWEEN HIGH SCHOOL

MATHEMATICS EXTENSION 2

General Instructions

e Reading time — 5 minutes Total marks - 100

* Working time — 3 hours pages 2-4

e  Write using black or blue pen 10 marks

e Board - approved calculators may be used o Attempt Questions 1-10

e A table of standard integrals is provided ¢ Allow about 20 minutes for this
o Show all necessary working in section

Questions 11-16 pages 5 - 13

e Attempt Questions 11 - 16

¢ Allow about 2 hours 40
minutes for this section
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SECTION 1

Multiple Choice (10 marks) Circle your answer on the question paper.

1. For any complex number z, arg(z)+arg( E) equals

(A)0 (B) nx (C)—nz D)

is

2. The conjugate of L+2i

-1

1+7i
10

(A) 1+7i B) 1-7i (©) D)

3. The roots of z° —1 = 0in modulus argument form are

(A) cis0, cis%” (C) cfso,cz's%’-

(B) cisO,cis 2 ,CIS| — 2z (D) cisO,cis z , cz’s(— ﬁ]
3 3 3 3

2 2

4. For the ellipse with equation f—6 + ;’—6 — 1, what is the eccentricity?

eNE)
6

(A)?m‘g ®) %‘m © % ®)

2 2
5. For the hyperbola (x +92) _ -0

16

N

1-7i
10

= 1, the coordinates of one of the focus is

A) (7.1) (B) (-7, -1) ©GDH D) (3.1

1
6. The value of J'x(l —x)?dx is
0

1 1 11 11
A) —— — C)—— —
) o010 ®) 10100 Oto0 @ o010
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3x+1

Reduce into partial fractions: ——=———
(x=-2)'(x+2)

5 7 5

16(x—2)  4(x~2)° 16(x+2)

(A)

s 71 .5
16(x—2) 4(x~2)> 16(x+2)

(B)

5 7 5

© 75 - 2~
(x-2) 4(x—-2) 16(x+2)

5 7 5

m)m@—m+4u—mz+mu+m

8. The volume of the solid generated when the region bounded by y = x’,x =0,y =8 s

revolved about the line x = 2.

e

A

sab

9637 144~ 1537 3207
®5 B ©=5 O
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9. What is the angle at which a road must be banked so that a car may round a curve with

a radius of 200 metres at 100 Jon/h without sliding. Assume that the road is smooth.
(A) 24.49° (B) 23.49° (C) 22.49° (D) 21.49°

10. The polynomial P(x) = x* +ax® + bx -+ 28 has a double root at x = 2. What are the

values of g and 57

(A) a=-11and b=-12 (C) a=-11and b =12
B)a=-5and b=-12 D) a=-5and b=12
END OF SECTION 1
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Question 11 ( 15 marks ) Marks
In2
@ [£X
v 1+e
dx
B [
®) j3x2 +6x+10
H
dx
¢) |——dx
© -!-5 —4cosx
0
MO, = Ix" V14 xdx for n=0,1,2,...show that 7 = —2—’11”_]
° 2n+3
for n=12,3....
0
(if) Hence evaluate sz N1+ xdx
-1
f T 2 Vsin x
e) Use the result | f(x)dx = | f(a— x)dx to evaluate dx
N lf !f ‘([x/sinx +/cosx

Examination continues on next page

Girraween High School Mathematics Extension 2 Trial Examination 2014



Question 12 (15 marks )

@)If z=+3+i and w=1-i

(i) Write Z inthe form @ +ib where aand b are real numbers.

(ii) write Z inmod - arg form.
W

(iii) Hence find the exact values of Sil’l% and cos%—

(b) Sketch the following on separate Argand diagrams.

» arg(z —(—1+20)) = —%75

() 2<|d<4and —%<arg(z)5%

(¢ ) If nis a positive integer, prove that (3 +1)" + (B =" =2 cos%

(d) z satisfies |z - 2i| =1, and the point P represents z on an Argand diagram,

(i) Sketch the locus of Pas z varies.

(ii) Find the maximum and minimum values of arg z, where —z <argz<rx.

(iii) Find the value of z when arg z takes the maximum value, and express in modulus-

argument form.

Examination continues on next page
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Question 13 (15 marks)

{a) If 2-3iis a zero of the polynomial z° + pz+qgwhere p and g are real, find the

values of pand g. 2

(b) If ¢, B and y are the roots of the equation x° + 6x +1= 0, find the polynomial

equation whose roots are aff,ay and Sy. ' 3

¢) Given that the quartic polynomial P(x) = x* —5x* —9x* +81x —108 has a zero of
(c) q poly

multiplicity3, factorise P(x) completely and find all its zeros. 3
(d) (i) Solve z® +1=0. Leave answers in mod- arg forn. 2
(ii) Factorise z* +1 into real quadratic factors. 2
(iii)  Show that cos4d = 8(0032 @ —cos’ %)[cosz @ —cos’ 3?7:} 3

Examination continues on next page
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Question 14 ( 15 marks )

2
X

) :
(a) The ellipse with equation —-+ }b}—z =1 has a tangent at the point P(acosé,bsinf).
a

The tangent cuts the x — axis at 7 and the y —axis at R.

()  Show that the equation of the tangent at the point P is

xcos@+y51n9=1 3
a b

P{acos@,bsin 8)

FAN

‘.%
/

(i) If T'is the point of intersection between the tangent at point P and one of the
directrices of the ellipse, show that cosf =e 3

(ili) Hence find the angle that the focal chord through P makes with the
X — axis. 1
(iv)  Using similar triangles or otherwise show that RP = e*RT. 3

Examination continues on next page
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(b)

4x+y=16

The region enclosed by the curve ¥ = (x —4)* and the line 4x + y =16 is shaded in the diagram

above. A solid is formed with this region as its base. When the solid is sliced perpendicular to the

x -~ axis, each cross-section is an equilateral triangle with its base in the xy — plane.

(i) Show that the area of the cross-section X units to the right of the ¥ — axis is

204 N2
M,where 0<x<4, 2
4
(ii) Hence find the volume of the solid. 3

Examination continues on next page
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10

Question 15 (15 marks )

(a) A and B are two fixed points with B vertically below 4. P is a particle with
mass m kg. Two strings with ends fixed at 4 and B are fastened to P. Particle
P moves in a horizontal circle of radius » metres with a constant angular velocity

o radians per second so that both strings remain taut, making angles ¢,

respectively with vertical. The tension in the string AP and BP are ) Newtons

and 7, Newtons respectively. The acceleration due to gravity is gm/ s,

A,

i1

|

3

{

\

]

]

i r

L B &

vy

(i)  Draw a diagram showing the forces acting on the particle P. 1

(ii) By resolving the forces, find an expression for the tension in each part of the

string in terms of 7,7, @* and sin(a + ). 5

(iii) Show that w> glana for both strings to be taut. 1
r

Examination continues on next page
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11

(b) A body of mass m in falling from rest, experiences air resistance of magnitude

kv® per unit mass, where k is a positive constant.

()  Write the equation of motion of the body and find the value of the terminal
velocity V of the body in terms of £ and g (acceleration due to gravity)

[Take g =9.8m/s?] 2

(ify  If wis the velocity of the body when it reaches the ground, show that the

2
distance S fallen is givenby S = —;—kln[l — %j . 3

(iii) With air resistance remaining the same, prove that if the body is projected
vertically upwards from the ground with velocity U, then it will attain its

2

greatest height H where H = ﬁln[l + %), and return to the ground with

velocity w givenby w?> =U2 + V72, 3

Examination continues on next page
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i2

Question 16 ( 15 marks )

T

< (y+-1)z—xz=l

(a) A smooth bowl is formed by rotating the hyperbola (y+1)* —x* =1 around the
y —axis. A particle P of mass mkg travels around the inside of the bowl with

constant angular velocity @radians per second in a horizontal circle of radius

r metres at a height # metres above the bottom of the bowl.

(i) Show that if the tangent to the hyperbola (y+1)*> —x* =1 at the point

X

(x,,y,) makes an angle ¢ with the positive x —axis, then tan& = o 2

34

(i) Copy the diagram and write the equations of motion by resolving forces
on P. A 2
(iii) Show that @ =—2—. 2

1+ 4

(iv) Show that the force N Newtons exerted by the particle P on the bowl is given

1
by N=mg |2 - . 2
y g\/ (1+h)?

(v) If the linear speed of the particle is 1/-3—25- m/s, find 4 and the force exerted

by the particle on the bowl. 2

Examination continues on next page
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13

(b) () A truck of mass 5 tonne is travelling around a circular section of the highway

which is banked at an angle 8 = tan™ (%) The radius of the curve is 450 m. Find

the speed of the truck, so that there is no lateral friction on the tyres. (Take

g=10m/s%) 2

(i) Find the sideways frictional force between the tyres and the road for the truck

of mass 5 tonne, if the speed of the truck is 126 km/h. 3

END OF EXAMINATION
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