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Section I

10 marks

Attempt Questions 1 - 10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for questions 1 — 10 (Detach from paper)

2 2
1 Consider the curve: % + y? = 1, which of the following statement is true?
(A)  Every line passing through the origin is a line of symmetry
(B)  The x-intercepts are (a, 0) and (—a, 0)
(C)  The y-intercepts are (0,Vb) and (0, —Vb)
(D)  The curve is an ellipse centre at (a, b)
2 Find all solutions of z> = —1
A) z=-1
1+V3i
B) z=-_1,E8
2
1+V3
(©) z=—1, —_\/_
2
(D) z=41,
3 When a plane intersects a cone at an angle that is parallel to the slant edge of the

cone, what shape is formed?

(A)
(B)
©)
(D)

Parabola
Hyperbola
Circle

Ellipse



i
Evaluate Py

n ==
B =

1
(©)  —z+i

(D)  None of the above

Which of the following is an equation of an ellipse with center (2, —3), horizontal
major axis of length 10 and minor axis of length 6.

(x—2)2 n (y+3)? _

(A) 25 9 1
(B) (x+52)2 n (y—33)2 _1
©) (x;f)z n (y+63)2 _1
D) (x1_022)2 n (y—;—23)2 _1

Consider the following equation: |x + 1| + |[x — 1] = 2

(A) Ithasonly 1 solution
(B) It has 2 solutions
(C) It has no solutions

(D)  None of the above

The equation x® + 2x — 1 = 0 has roots @, § and y. Find the monic equation with
roots a?, f%and y2.

(A) x3+2x*+2x—-3=0
B) x3+4x*+2x—1=0
C©) x3+4x*+4x—-1=0
(D) x3+4x*+4x—-3=0
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Let z = V48 — 4i. What is the value arg(z”) ?

(A)

(B)

©)

(D)

Given the graph of y = f(x), how would you sketch the graph of

y=f2-x.

(A)  Shifty = f(x) to the right by 2 units and then reflect on y —axis
(B)  Shifty = f(x) to the left by 2 units and then reflect on x —axis
(C)  Reflect on y —axis and then shift to the left by 2 units

(D)  Reflect on y —axis and then shift to the right by 2 units

The polynomial P(x) = x> + ax* + x3 + bx? — 8x — 4 has a double root at x =
—1. What are the values of a and b ?

(A)
(B)
©)
(D)

a=-2and b =—4
a=2and b=—-4
a=2and b=4

a=-2and b =4

End of Section I



Section 11

90 marks

Attempt Questions 11 — 15

Allow about 2 hours and 15 minutes for this section

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

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

Question 11 (15 marks) Use a SEPARATE writing booklet

(a) Let z = 2i + 1 and w = 5 — 3i, evaluate the following and give your
answer in the form of a + ib.
1
(1) zZ+2w
2
. z
G 5
(i) zw+zZw
(b) Show that ﬂ + ﬂ is a real number. 2
3—-4i 5i
(©) Let w be a non real cube root of unity.
(1) Show that w? + w +1 =0 2
(i)  Hence show that: (b + ¢)(b + cw)(b + cw?) = b3 + ¢3 2
d i _ it i 2
(d) (1) Express z = NETE mod-arg form.
(i1) Hence evaluate cos (Z—Z) in surd form. 2

End of Question 11



Question 12 (15 marks) Use a SEPARATE writing booklet

(a)

(b)

(c)

(d)

A cubic equation: x3 — 2x? + 13x — 12 = 0 has roots «, § and y. Given
that:
a’+ p*+y?=-22

Evaluate a® + g3 + y3

The roots of x3 + x + 1 = 0 are a, B, y. Find the cubic equation whose

1 1 1
roots are;. —,—— ,—
1-a 1-8 "1-y

(1) Use De Moivre’s theorem to express sin (36) in term of
sin (0).
(i)  Use the results above to solve: 8x% — 6x + /3 = 0, give answer

to 3 significant figures.

(ii1))  Hence deduce that: sin (g) + sin (%”) = sin (5?71)

The polynomial P(x) = 3x* 4+ 2x3 — 6x? — 6x + a has a root of
multiplicity 2.

(1) Find the possible values of a.

(i)  Ifa is positive, state the repeated zero, and hence factorise P (x)
into linear factors.

End of Question 12



Question 13 (15 marks) Use a SEPARATE writing booklet

(a) P (Cp, %) and Q (cq, 2) are points on xy = ¢ which moves such that P, Q
and S(cV/2, cV2) are always collinear.

(i) Show that the tangent to xy = c? at any point T (ct, %) is given by:
x + t?y = 2ct

(i1) Show that the tangents at P and @ intersect at point R: (chTp;, ;ch)

(iii)Show that p + ¢ = V2(1 + pq)

(iv)Find the locus of R

(b) The tangent at P(x, y) to the hyperbola x? — y? = a? in the first quadrant
meets the x-axis at acute angle a. The line OP, where O is the origin, meets
the x-axis at an acute angle .

(1) Prove that the product of the gradients of the line OP and tangent at
Pis 1.

Y

(i1) Show thata + 8 = 3

(c) (i) Show that the equation of the chord joining the points P(cp, ¢/p) and
Qcq,c/q)isx +pay = c(p + ).

(i1) Hence determine the gradient of the tangent to the rectangular
hyperbola xy = c? at the point P(cp, c/p).

(iii)The chord AB of the hyperbola xy = c¢? subtends a right angle at a
point P on the curve.

(o) Draw a diagram to show the information

(B) Prove that AB is parallel to the normal at P.

End of Question 13



Question 14 (15 marks) Use a SEPARATE writing booklet

(a)

(b)

(c)

(d)

Z is the complex conjugate of z. If zz +2iz = 12 + 61, find the possible
solutions for z.

(i) If z = r(cos@ + isinf), show, without applying De Moivre’s theorem,
that z2 = r%(cos26 + isin26)

(i1) Hence, find the square roots of (2\/§ - Zi).

In an Argand diagram, the points P and Q represent the complex numbers
a + ib and -i(a + ib) respectively, where a and b are real and b > a > 0.

(1) On a single diagram, sketch the loci of z defined by the following
equations:

|z—a—ib| =|z—b +ial,arg(z — a —ib) = arg(b — ia)

Indicate clearly on your diagram, the point of intersection R of the two
loci.

(i) Hence find, in terms of a and b, the complex number represented by R.

(1) If z = cos@ + isinf, show that

Z" + — = 2cos (n@) and z™ — — = 2isin (n6)

zn zn

(ii) Use the result to deduce that cos*0 + sin*6 = i(cos49 + 3).

End of Question 14



Question 15 (15 marks) Use a SEPARATE writing booklet

(a)
(—3,6) (8,6)
I’ \\ I' \‘
1 LN Y \
I \ Y 1
I \ ’ \
1 \ ! \
I \ Il 1
' s /! \
! N !
] SN.’ 1
] (3,-2) \
I 1
] 1
I 1
I 1
Given y = f(x) in the diagram above, sketch the following graphs with
y = f(x) on the same axis.
@ y=f(
(b) Iyl = f(lxD)
©) y=yf(x)
)y = f(xD
(b)
(0.5,1)
PRI

-~
~
-~
-~
-~ -
-
-~

1
1
1
1
I
I
1
1
I
1
I
I

Given y = f(x) in the diagram above, sketch the following graphs with
y = f(x) on the same axis.

(@ y=3—-f(x+1)

(b) y =7
© y=1-I|f)
d) y=fx)?

End of Question 15



Question 16 (15 marks) Use a SEPARATE writing booklet

(a)

(b)

(1)

(ii)

(1)

(ii)

(iii)

Show that if y = mx + k is a tangent to the hyperbola:

xZ 2
—- i—zz 1, then m2a? — b? = k2.

Hence find the equations of the tangents from the point (1, 3) to
2 2

the hyperbola, xr — 31/—5 = 1 and the co-ordinates of the points of

contact.

Show that the parametric coordinate of the point
2 2

P <% (t + %) ,g(t - %)) lies on the hyperbola Z— —L =1

2 b2
Show that the equation of the tangent at P in part (i) is given by
t>+1 t? -1\ -
a )* b )Y~

If S is a focus and if the tangent at P, the line through S
perpendicular to the x-axis and one of the asymptotes are

concurrent. Prove that the line joining P to the focus is parallel
to the other asymptote.

End of Question 16

End of paper
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2016 Killara Ext 2 Task 3 Solutions

Multiple Choice: —
e
Qnyc - Q.6)D _
Q2)B - Q7)C
. (0 w?
o (0
Q4) A Q9)D
Q5) A Q.10) E?
Question 11: '
(@Jz=2i+1,w=5-3i
' (ii)
(i) z+2w
=2i+1+2(5—3i)
- =2i+14+10-6i
=11 — 4i 1 mark: correct answer
.y Z _ 2i+1  5+3i
(if) W 5-3i " 5+3; 1 mark: multiply conjugate
7 10i-64+5+3i .
T 2549 (d)z=
_ C1+13i
34 (])
1, 13,
=73 + 32t 1 mark: correct answer

(iii) zw + zw 1 mark: correct substitution

_ ~2(3i+4)

5(3i+4)
1 mark: correct answer

1 mark: using root of unity
1 mark: reasonable explanation

wi-1=0

=1

w-1DW?+w+1)=0

since w is a non-real root, hencew # 1
Therefore W? +w+1) =0

LHS = (b + ¢)(b + cw) (b + cw?)

= (b + ¢)(b? + bew? + bew + ¢2w?)
= (b + ¢)(b? + be(W? + w) + c*w?)
= (b + ¢)(b% — bc + ¢?)

= b3 - b%c + bc? 4 b%*c — bc? + ¢3

1 mark: attempt to expand

— B3 3 =
=b>+c¢>=RHS 1 mark: correct proof

i-1

V3+i
. _ . (3m
i—1=+2Cis (T) 1 mark:

- convert to mod-arg form

V3+i= zczs(g)

1 mark: correct answer

i1 _ V2o (3T V2o (TR
. 5 . . \/§+i—?cw(4 6)_ 2 Cw(:{z)
= Qi+ 1)G + 30+ (=2i+ 1)(5 - 30)
) =10i—6+5+3i—10i—6+5 — 3i =2[cos (2£) + isin ()]
= =2 1 mark: correct answer (ii) -1 Vi-i _ V3i—V3+1+i _ 1=v3 + 1+v’§i
' R N T 4
b) S 4 22 .
)+ Equating real parts; 1mark: :
o . 1mark attetmpt to equate rea
= 1o +6._3’"8l+4l common denominator V2 7\ _ 13 parts
15420 ?COS ey At
) 1 mark: correct answer
__ w6i-8
T 150420 _ 1=-v3 _ V2(1-V3)

Cos (Z_D T2z T 4
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2016 Killara Ext 2 Task 3 Solutions

Question 13:
(a) Given xy = ¢?,
1 mark:
~ o d d
1) x-‘% +y=0= Ei- = —7% correctly differentiate

c . . 1
AtT (ct, ;), gradient is — =

t?y—ct=—x+ct
1 mark:
x + tzy = 2ct correct answer

(if) Tangent at P: x + p2y = 2¢p
Tangent at Q: x + g%y = 2cq
The intersection R:
2cp —p’y = 2cq — q%y

2c(p—q) = (P*—q?y

2 1 mark:
Y= 0 reasonable proof
(p+q) p
2¢ 2¢pq
X =2cp ~——=
P r+q pt+q

(iii) Since P,Q and S are collinear:

MPQ = MQS
£ _ o
cp—cq  cq-cV2
_az_ 1
ra  q V2
—q+VZ=p-pq2

V2+pgV2=p+gq

_ 1 mark:
‘/7(1 + pQ) =ptq reasonable proof
2¢pqa . _ 2¢

i =
( V) x p+q ptq

2¢
x = Py
2¢

X = \f_f -y
x=+2c—y
1 mark:
y = N correctly eliminate

the parameters
(b) Given x? — y? = g2
. dy _
(i) 2x — Zydx =0

WX

dx y

1 mark:
reasonable proof

X
Slope at P: 5

fl

Y0y
SlopeOP.x_0 ”

MpXMOP = X

ARk
R
Il

=

(ii) Since tan(a) = %and tan(B) = %

tana + tanf

tan(a +f) = 1—tanatanf

__ tang+tanf
1-1

(undefined)

i

Therefore a+f = 3

1 mark:
decent attempt

Imark:
reasonable explaination
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