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Section I

10 marks
Attempt Questions 1-10
Allow about 20 minutes for this section

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

1. Ifz=x+iy, whatis the value of zZ ?

A, x-iy

B. x*+)?
C. x2-»?
D.  x*+iy?

2. At which point does the line = (1 + 1) i + (4 — 24)j + (3 + 2) k cut the x-z plane?

A, (=2,10,0)
B. (3,0,5)
C. (0,6,2)
D. (1,0,3)

Section I continues on the next page



Section I continued

3.  For the statement P = Q, which of the following represents its contrapositive?

A. =P>-Q
B. 0=P

C. ~Q=>-P
D. =-P=Q

4.  What is the vector equation of the line segment between (-2, 3) and (7, 5)?

Section I continues on the next page



Section I continued

S.  In which quadrant of the complex plane does the complex number 3e'” lie?

A. 1
B. 1I
C. 1
D. IV

6.  Two vectors are given by g =4i+mj—3kand b=-2i+nj—k, where m and n are positive real

numbers. If |g| = 10 and g L b, then what are the values of m and n?

b

A. m:5\/§7 n—=—

Section I continues on the next page



Section I continued

7. If g and b are non-zero, non-parallel vectors such that x(g + b) = 2yag + (y + 3)b, what are the
values of x and »?

A, x=6,y=3

B. x=3,y=6

C. x=-6,y=-3

D. x=2,y=1

8. Given z= ! Tj—\z/g , which of the following is equal to z°?
A, 2V2e%!
B. 4\/§e%i
C. 4\/§e%i
D. Zﬁe%i

Section I continues on the next page



Section I continued

9.  What are the integer values of n for which (3 — \/§1)n is purely imaginary?
A. n=12k+ 3, where £ is an integer
B. n=6k+ 3, where k is an integer

C. n=12k-3, where £k is an integer

D. n =6k, where k is an integer

6x2tan~! (x3)

10. Which expression is equivalent to / T 56 dx ?
—1 .3\2
A. (tan X ) +C
1 1 4\3

B. 5 (an'x")"+C

C. 6tan ! (tan_1x3) +C

D. 3tan! (tan’1x3)2+C

End of Section I



Section 11

70 marks
Attempt Questions 11-15
Allow about 1 hour and 40 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 (14 marks) Use a SEPARATE writing booklet. Marks
(a) Forw =2+ 3iand z=4 - 5i, express the following in the form x + iy:
i w-2iz 1

Gy 2 2
Z

(b) Consider the complex number z = —2V3+2i.

(i) Express z in the form r (cos 8 + i sin ) . 1
(i) Find 2. 1
(¢c) Solvex?—4x+(1-4i)=0. 3
(d)  Sketch the region on the complex plane that satisfies the following conditions: 3
. v/ ) Y[
lz—(2+1i)|<1 and —ZgArg(z—(l—i—l))SZ
(e) Itis known that 1 —3i is a zero of P(x) = x* — 3x% + 6x% + 2x — 60. 3

Express P(x) as a product of four linear factors.

End of Question 11



Question 12 (14 marks) Use a SEPARATE writing booklet.

(a)

(b)

(©)

(d)

©)]

Find/x+2dx.
x—2

dx
Find / .
V—x?—2x+3

. L. X .
Using the substitution ¢ = tan 5 or otherwise, evaluate

Leave your answer in simplest exact form.

Find the exact value of / xlnxdx .
1

T

7
Given that [,, = / cos" xdx for integers n>0,
0

—1
(i)  Show that [, = (n_) I,_» for integers n >2.
n

(i1)) Hence, or otherwise, evaluate .

End of Question 12

10
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0 S5+3cosx o



Question 13 (14 marks) Use a SEPARATE writing booklet. Marks

(a) Solve the equation =—-2-2V3i. 3

Give your solutions in exponential form with principal arguments.

(b) Prove that sin0 = £ ¢ . 1

(c) The base of a pyramid is the parallelogram ABCD with vertices at points A(2,-1, 3),
B4,-2,1),C(a,b,c),D(4,3,-1). The apex (top) of the pyramid is located at P(4,—4,9).

(i)  Find the values of a, b and c. 2
(i1)) Find the cosine of the angle between the vectors E and E . 2
(ii1)) Find the exact area of the base of the pyramid. 2
(iv) Show thaty = 6; + 2~] + 5k is perpendicular to both E and ﬁ . 2

Hence find a unit vector that is perpendicular to the base of the pyramid.

(v) Find the volume of the pyramid. You may use the formula V = %Ah. 2

End of Question 13
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Question 14 (14 marks) Use a SEPARATE writing booklet. Marks

(a) The following statement is true, and its converse is also true: 1
If x is a prime number, then it has only two divisors (itself and 1).

Write a true statement whose converse is false. Your statement must begin with
“If x is divisible by 6, then...” (Assume x is a positive integer.)

(b) Mr Eel and Mr Nolnah are discussing Mersenne primes which are of the form 1
2"* — 1 for some positive integer n.

Mr Eel says, “if n is prime, then 2" — 1 must be prime.”

Mr Nolnah is sure Mr Eel is wrong but is unable to justify his position.

Help Mr Nolnah by writing a proof showing Mr Eel is wrong.

(¢) Consider the following “proof” that 2 = 1. Identify the error in the proof and explain 1
why the proof is invalid. (You may use the letters to identify particular lines.)

2 =2 (initial true statement)

B 4-6=1-3 (equivalent arithmetic expressions)

9 9 .9 .
C 4—64+—-=1-3+4+- (adding = to both sides)

4 4 4

3\? 3\

D (2 — 5) = (1 — 5) (expressing as a perfect square)

3 3 . .
E 2— 5= 1— 5 (taking square roots of both sides)
F 2=1 (adding % to both sides)

(d) Prove the following statement by contradiction, or otherwise, for a, b, ¢ € Z: 3

If a®> + b? = ¢?, then at least one of a or b is even.

You may assume that the square of an odd number is odd, and the square of
an even number is even.

Question 14 continues on the next page
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Question 14 continued

() Consider a regular n-sided polygon drawn around the outside of a circle of radius r
and centre O such that each side is tangent to the circle at its midpoint, as shown.

Side n

Side 1

Side 2

-~
-
-~

/4
(1)  Show that the area of the triangle AOC is r’tan = .
n

.. . T .
(ii) Hence, evaluate lim ntan — giving justification for your working.
n—yoo n

(f) (1) By considering the sign of (p — ¢)?, prove that P + g > 2 for positive
q P
real numbers p and q.

p+q gq+r r+p

(i1)) Hence, prove + + > 6 for positive real numbers p, g and r.

r p q
(ii1)) Hence, by using appropriate substitutions, or otherwise, prove that

a + b + >§ for positive real numbers a, b and c.
b+c a+c a+b 2

End of Question 14
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Question 15 (14 marks) Use a SEPARATE writing booklet. Marks

(a) Letz=x+iyandw =2iz.
(i) Prove algebraically that |Z|2 + |w|2 =|w— Z|2 . 2

(1)) Sketch z and w on an Argand plane and hence justify the result in (i) geometrically. 2

3
(b)  Use the substitution x = 5sin? 6 + cos? 6 to evaluate / ! dx . 3
2 2¢/(x—1)(5—x)
(c) zis acomplex number such that |z— 1| = l and arg z = 6.
(i)  Using an Argand diagram, or otherwise, show why arg(z — 1) = 20. 2
(ii) Hence, find arg(z> — 3z + 2) in terms of 6. 2
a 3x% —ax
d) Evaluate / dx . 3
@ 0 (x—2a)(x2+a?) *

End of Question 15

End of Paper
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