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General Instructions
Reading time — 5 minutes.
Working time — 3 hours.

Write using black or blue pen.
Black pen is preferred.

Board approved calculators may be used.
A reference sheet is provided.

In Questions 11-16, show relevant

mathematical reasoning and/or calculations.

Start each question in a new booklet.

Total Marks — 100
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e Attempt all Questions 1-10
e Allow about 15 mins for this section
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e Attempt Questions 11-16
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Section |

10 marks
Attempt Questions 1-10

Use the multiple choice answer sheet for Questions 1-10.

1 The graph of the function y = is shown below.

The function g (x) could be which of the following?

(A) x
(B) —x
€ x
(D) -

2 What type of conic section is represented by the equation y? —4y—x+3=07?

(A) Hyperbola
(B) Circle

(C) Parabola
(D) Ellipse



What are the values of real numbers p and q such that 1—i is a root
of the equation z°+ pz+q=0?

(A) p=2andqg=4.
(B) p=2andq=-4
(C) p=-2and q=4.
(D) p=-2and g=—4.

Consider the Argand diagram below.

g
N

~
/\f"
.
-

Which inequality could define the shaded area?

(A) |z-1<2and Re(z)>2.
(B) |z-1]<2andIm(z)>2.
(C) |z+)<2and Re(z)>2.
(D) |z+l<2andIm(z)=2.



5

The graph of the function y = f (x) is shown below.

Which graph shows the most accurate representation of the function y = .

<

(A)
f } —>
-3 -1 0 3

_] A1
©)

y

A

zﬁ_

_<€ \_J._:_/ p—

f } F—>x
-3 -1 0 3

(B)

(D)

w 4+




T

|2 .
What is J. X cos x dx equivalent to?
-7

T

(A) 2-[ ? X €COS X dx

B) O
C) #n-2
T
D) —-1
(D) >
. L 1
Which expression is equal to —F—?
(x+1)(x2+4)
1 X+1
A -
A 3(x+1)  3(x*+4)
1 x-1
B -
®) 5(x+1) 5(x*+4)
1 X—1
©) +
5(x+1)  5(x*+4)
1 X+4
D) — —
©) x+1 x%+4

Which expression is equal to J‘cos3 X dx?

cos* x

A —

+C

(B) 3cos®x +sinx + C

sin® x

(C) sinx - +C

sin® x

(D) x +C




9 The region bounded by the curve y =e*, the x-axis, and the lines x=1 and x = 2, is rotated
around the y-axis to form a solid with volume V.

Y
N
}’ — e.\'
2
e
LD
e
]
N > x
1 2
A\

Which of the following is correct?

2

(A) V =7rr [4—(|n y)Zde.

e

e’

(B) V =3re+x [4—(Iny)1dy.

.ez

(C) V=3ze+r| (4-2Iny)dx

Ve

2

(D) V=7zj e dx.
1



J :J‘lwll—x“ dx
0

K =J.1«/1+ x4 dx
0

L:J‘lxll—x8 dx
0

Which of the following is true for the definite integrals shown above?
(A) J<L<l<K
(B) J<L<K«<1
(C) L<J<l<K

(D) L<J<K«1



Section 11

90 marks

Attempt Questions 11-16

Allow about 2 hours and 45 minutes for this section.

Answer each question in the appropriate writing booklet. Extra booklets are available.

In Questions 11 — 16, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (15 marks). Use a Separate Booklet. Marks
a4 =i\

(@) Write the complex number [ 1 ; j in the form a+bi where aand b 2

+2i
are real numbers.

1

(b)  Using integration by parts, find J x e?*dx. 2
0

(c) Find the value of % at the point (1, 4) on the curve 4x> +xy® = 5xy. 3

X
(d) If z=4+2i and w=-1+3i, find arg(zw). 2

Question 11 continues on page 8.



Question 11 (continued). Marks

() On an Argand diagram shade the region that is satisfied by both the 2
conditions.

OsArg(z+i)£%and |z—]4§\/2_.

(f) If a,p and y are roots of the equation x3 +6x+1=0, find the polynomial 2
equation whose roots are af3, Sy and ay .

T

() Find J‘z sin x cosx dx. )

4

End of Question 11



Question 12 (15 marks). Use a Separate Booklet. Marks

(@) Given the sketch of the function f (x) , draw a one-third page sketch of each of the following on
separate diagrams.

Jtx)
N
Not to Scale
4
3
< 1 2\&_’/’_2)‘
—1
A4
(i) y=-f(x). 1

(i) y=yf(x). 1

(iii) y = f(xz). 2

(b)  If 2x* +9x3 +6x% —20x—24 =0 has a root of multiplicity of 3, 2
factorise 2x* +9x® +6x% —20x— 24 fully.

Question 12 continues on page 10.



Question 12 (continued). Marks

(c)  The roots of the equation z>+2z2+3z—-4=0 are o, 8 and y.

(i) (@) Write down the value of o+ S+ and the value of af + Sy + ya. 1

(2) Hence show that o + % + y? = -2. 1
(ii) Find the value of (a+B)(B+7)(r +a). 2
(iii) Find a cubic equation whose roots are ¢+ g, f+y and y + . 2

0
dx. 3

(d) Using the substitution n=1-x, evaluate J‘ Z

1(1-x)

End of Question 12

10



Question 13 (15 marks). Use a Separate Booklet. Marks
(@) The area enclosed by the curve y = (x —3)2 and the line y =9 is rotated about 4
the y-axis. Use the method of cylindrical shells to find the exact volume of the
solid formed.
(b)
Not to Scale
X
. . X2 y?
The point P(x, y;) lies on the hyperbola Y =1
The two foci of the hyperbola are S; and S, and the two directrices
are d, and d,, as shown.
(i) Show that the length S;P =g X, — 5. 2
(if) Show that the equation of the tangent at P is % - % =1 2
(iii) The tangent at P intersects the transverse axis at point G. 1
Find the coordinates of point G.
(iv) Given £S,PG =6, ZGPS, =6, and £S,GP =«,
(1) By using the sine rule, show that sina = X 8inG . 2
(2) Hence, show that siné, =siné,. 2
(3) Hence, deduce that GP bisects £S;PS,. 2

End of Question 13
11



Question 14 (15 marks). Use a Separate Booklet. Marks
(@)  Findall real x such that 3,/x(1-x) < |x-2|. 3
(b) (i) Showthat x*+y*>2x%y2. 1
!
(i) If P(x, y) is any point on the curve x*+y* =1 prove that OP < 2 ¢ 3
where O is the origin.
(c) (i) (1) Use De Moivre’s Theorem to show that if z=cosé@ + isin@, then 1
2" — in = 2isinné.
z
(2) Write down a similar expression for z" + in 1
z
1) 1Y
(i) (1) Expand (z - —j (z + —] in terms of z. 1
z z
(2) Hence, show that 8sin® #cos? @ = A + Bcos46, where A and B are integers. 2
(iii) Hence, by means of the substitution x =2siné, find the exact value of 3

2
j x2\J4—x? dx.
1

End of Question 14

12



Question 15 (15 marks). Use a Separate Booklet.

Marks

(@)  Draw a half page sketch of y =log,|tan x| for the domain —% <x< %

(b)

(©)

(d)

(i) Use the factor theorem to show that 2x —1 is a factor of 8x® — 4x+1.

(i) Show that 4cos26cos@+1 can be written as 8x® —4x+1 where X = cos6.

(iii) Given that 8 =72° is a solution of 4cos28cos@+1=0, use the results from

(53

parts (i) and (ii) to show that the exact value of cos72° is where p is

a constant.

(i) Express (k+1)° + 5(k+1) + 8 inthe form k + ak + b, where aand b
are constants.

(if) Prove by induction that, for all integers n>1,
n

Zr(r+1)(%jr_l =16—(n’+5n +8)G]H.

r=1

T
Given that I, = J. "ot x dx, for n=1, 2,....

6

(i) Showthat I; = %In 2.

n-1
(ii) Showthat 1, + I —ﬁ{s ’ 1] for n=3, 4, 5...

End of Question 15

13



Question 16 (15 marks). Use a Separate Booklet. Marks
(@  Theequation z* + 4iz® — 4iz” + (8 + 8i)z — 32(1+i)= 0 hasroots «, 8, —2a, y

which represent the vertices A, B, C and D of a parallelogram in the Argand plane.

(i)  Using the properties of a parallelogram, show that « + 8 + y = 0. 2

(i)  Hence, or otherwise, show that « = 2i. 1

(iii) Given /3 + 4i =+(2 + i), find the vertices of the parallelogram ABCD. 3
(b) (i) Show that 1+cos26 +isin 20 = 2cos&(cosd+isin o). 1

n
(if) Hence, prove that (1+ cosz—” +isin 2—”) = —2"cos" Z where n is any integer. 1
n n n
n n
(iii) Hence, simplify (1+cosz—” + isinz—”j - (1+c032—” - isinz—”j : 2
n

n n n

Question 16 continues on page 15

14



Question 16 (continued). Marks

(c) (i) Ptolemy’s Theorem states that in a cyclic quadrilateral the product of the 3
diagonals is equal to the sum of the products of the pairs of opposite sides,
i.e. ACxBD = ABxCD+BCx AD.

M is the point on BD such that Z/ACB = ZDCM.
Prove Ptolemy’s theorem.

(i) Hence, if AB=AD, ZBCD is a right angle and the area of the 2
quadrilateral ABCD is 18 cm?, find the length of AC.

End of Paper

15
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