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Section I

This section consists of long-answer questions.
Marks may be awarded for reasoning and calculations.
Marks may be lost for poor setting out or poor logic.
Record your answers in the space provided in this paper.

QUESTION ONE (10 marks) Marks

(a) (i) 1Write down the converse of the following statement:

If n ≥ 100, then
√

n ≥ 10.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(ii) 1Write down the contrapositive of the following statement:

If n ≥ 0, then
√

n is a real number.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(b) 2Write a true mathematical implication in which the converse is not true.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
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QUESTION ONE (Continued)

(c) (i) 3Prove that
√

7 is irrational.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(ii) 1Consider the following statement:

If I add two irrational numbers, then the result will be irrational.

Prove that this statement is false by providing a counterexample.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
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QUESTION ONE (Continued)

(d) 2The right-hand side of the following statement, which has been underlined, contains an
error.

p is a multiple of q ⇒ ∃ m ∈ Z such that q = pm

Circle the error in the underlined section of the statement above, and give a brief
explanation of why it is an error.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

End of Section I

The paper continues in the next section
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CANDIDATE NUMBER

Section II

This section consists of long-answer questions.
Marks may be awarded for reasoning and calculations.
Marks may be lost for poor setting out or poor logic.
Record your answers in the space provided in this paper.

QUESTION TWO (4 marks) Marks

4

y

x1

1

y

x1

A

y

x1

1

y

x1

1

B

C D

1

A student was tasked with sketching four graphs of a complex number z given four different
restrictions. The student did not label their answers, and they did not complete the questions in
any particular order. The four diagrams above represent the student’s responses, labelled A ,

B , C and D .

Complete the table below by matching each restriction with the diagram that best represents
the graph of the complex number.

Restriction Diagram

|z − 1 − i| = 1

|z| = |z − 1− i|

arg(z + 1 − 2i) = −π

4

arg(z − 1)− arg(z − i) =
π

4
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QUESTION THREE (10 marks) Marks

y

x1

1

-1

-1

0 5.-0 5.

0 5.

-0 5.

The diagram above shows the circle x2 + y2 = 1 in the complex plane.

(a) 2On the diagram above, plot a point Z1 representing a complex number z such that

1

2
< |z| < 1 and 0 < arg(z) <

π

2
.

(b) Referring to the complex number z that you have plotted in part (a), for the complex
number z2, calculate:

(i) 1the modulus,

........................................................................................................................................

(ii) 1the argument.

........................................................................................................................................

(c) 1Hence plot the point Z2, representing the complex number z2, on your diagram.
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QUESTION THREE (Continued)

(d) 2Plot the points Z3 and Z4, representing the complex numbers z3 and z4 on your diagram,
clearly labelling each.

(e) 1What can be said about the moduli of successive powers of z?

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(f) 2Let the point Z0 represent the number 1 on the Argand diagram, and let Zn represent
the complex number zn for all n ≥ 0. Giving an explanation for your answer, predict the
limiting value of the vector sum

−−−→
Z0Z1 +

−−−→
Z1Z2 +

−−−→
Z2Z3 +

−−−→
Z3Z4 + . . . .

Give your answer as a complex number.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

End of Section II

The paper continues in the next section
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Extra writing space

If you use this space, clearly indicate which question you are answering.

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
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CANDIDATE NUMBER

Section III

This section consists of long-answer questions.
Marks may be awarded for reasoning and calculations.
Marks may be lost for poor setting out or poor logic.
Record your answers in the space provided in this paper.

QUESTION FOUR (11 marks) Marks

x

y

y x bx c= + +
2

V

(a)

The diagram above shows the parabola y = x2 +bx+c, where b and c are real. The point V

represents the vertex of the parabola.

(i) 1Explain why the equation x2 + bx + c = 0 has no real roots.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(ii) 1Let one of the roots of x2+bx+c = 0 be p+iq, where p and q are real and q 6= 0.
Write down the other root, giving a reason.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
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QUESTION FOUR (Continued)

(iii) 2Show that the coordinates of V are (p, q2).

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
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QUESTION FOUR (Continued)

x

y

y x bx c= + +
2

V

y q=
2

P2

(b)

The diagram above shows a new parabola P2, created by reflecting the parabola in part (a)
about the line y = q2.

A curve can be reflected about a line y = k by replacing y with 2k−y. That is, if the curve
y = f(x) is reflected about the line y = k, the new curve will have equation 2k − y = f(x).

(i) 2Find the equation of P2. Give your answer using only the variables x and y,
and constants p and q.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(ii) 2Find the x-intercepts of P2.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
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QUESTION FOUR (Continued)

x

y

(c)

3The diagram above is a screen shot of the parabola y = h(x) drawn using graphing software.
Using parts (a) and (b), add an appropriate reflection to the diagram and write down the
roots of the equation h(x) = 0 in the space provided below.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
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QUESTION FIVE (8 marks) Marks

y

x

y f(x)=

k

R

y m x k= -( )

(a)

The diagram above shows the monic cubic polynomial f(x) = (x − k)(x2 + bx + c), which
has zeroes k, p + iq, and p − iq. The line y = m(x − k) is drawn such that it intersects
y = f(x) at (k, 0) and is tangent to y = f(x) at R.

(i) 1Write down the equation of f(x) with variable x and constants k, p, and q. You do not
need to expand your expression.

Hint: You may wish to refer to your answers to Question Four (a).

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
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QUESTION FIVE (Continued)

(ii) 3Show that m = q2.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(iii) 1Find the x-coordinate of R.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
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QUESTION FIVE (Continued)

x

y
(b)

3The diagram above is a screen shot of a monic cubic drawn using graphing software. Using
part (a), add any appropriate information to the diagram above and write down the zeroes
of the cubic polynomial in the space provided below.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

END OF PAPER
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