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1 Complex numbers (6)

Find the square roots of 5−12i .

Given that 2 is a root of the equation z3 −4z2 +6z −4 = 0, solve the equation completely.

2 Series (4)

Using standard formulas, find in the simplest form

n∑
1

(r 2 − r )

3 Matrices (7)

In 2017 an emu farm had 100 emus altogether, adult males, adult females, and chicks.

There were two more males than females.

In 2018 the numbers of adult males and adult females are the same, but the number of chicks is up

50 per cent, and that makes a total of 110 emus.

Write out this information in the form of a matrix equation, and solve it to find the number of adult

male, adult female, and chick emus in 2017.
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4 Matrices (7)

Show that the planes

x +2y + z = 8

3x +4y +2z = 17

2x +6y +3z = 23

do not intersect in a single point. Do they meet at all? How?

5 Proof by induction (6)

Prove by induction that 112n−1 +132n−1 is divisible by 24 for all n ∈N.

6 Argand diagrams (8)

Sketch the regions or loci in an Argand diagram defined by the following sets or equations.

{z ∈C : |z +4i | ≤ 2}∩{
z ∈C : π4 ≤ Arg(z +6i ) ≤ π

2

}
{z ∈C : |z −3| ≤ |z −6|}

{z ∈C : |z −3| ≥ |z −6|}

|z +4i | = |z +6i |

7 Vectors (8)

Two submarines move on the following routes

A from


1

1

1

 to


5

4

7



and B from


2

2

0

 to


0

−1

12

. Find vector equations for the lines which represent their routes. Do they

meet? If so, where, and what is the acute angle between them?
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8 Cubics and quartics (8)

The cubic equation x3+2x2−3x−5 = 0 has rootsα,β,γ. You want to make a new equation with roots

α+β,β+γ,γ+α, without solving your original equation.

For the original equation, calculate:

the sum of roots α+β+γ

the sum of products of pairs of roots αβ+βγ+γα

the product of the three roots αβγ.

Now, for the new equation you want to make, calculate algebraic expressions for:

the sum of the roots of the new equation

the sum of the products of pairs of roots of the new equation

the product of all three roots of the new equation.

From those algebraic expressions, find the coefficients of the new equation.

9 Matrices (8)

Find the matrices for reflecting in the plane y = 0; then rotating by π
2 anticlockwise round the x-axis;

then reflecting in the plane z = 0; and the matrix for the combined transformation made up from

doing those three transformations in the order given.

10 Vectors (8)

The plane P has equation r · (3i−2j+k) = 4

The line l passes through the point A (3, 5, 2) and meets P at (1,0,1).

What is the acute angle between the line l and the plane P?

What is the perpendicular distance from A to P?
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