
Made-up core pure maths practice paper 2018

City of London Academy Southwark

85 minutes, 70 marks

1 Complex numbers (6)

Find the square roots of 5−12i .

Most did it on the calculator. A good few forgot to check that the answer the calculator gives, 3−2i ,

is correct, i.e. that use of calculator has not generated a rounding error. A good few forgot to give the

other square root, −3+12i .

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

Everyone got it right, but some did it laboriously by long division, rather than by Vieta formulas or

factorisation-by-inspection

2 Matrices (7)

A few blanked on this completely. Mya saw how to do it without even having to write out the matrices.

Few knew how to save time by using their calculator to do the matrix inversion

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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3 Matrices (7)

Two or three, but only two or three, had forgotten that the determinant tells them the answer here.

None or almost none knew to save time by using their calculator to get the determinant.

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?

4 Proof by induction (6)

All good except that some garbled the "conclusion" which Edexcel insists they write. Mya, being Mya,

found a way to write that "conclusion" saying exactly the same as Edexcel’s stereotype words, only much

more clearly and briefly. But Edexcel, being Edexcel, isn’t good with people who are cleverer than the

Edexcel exam-writers and markers, so it may be prudent for Mya to use the longer form of words, as

follows:

The claim is true for n = 1. For all k, we have shown that if it is true for n = k then it is true for

n = k +1 So, by mathematical induction, it is true for all n ∈N

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

5 Argand diagrams (8)

Quite a few had forgotten all of this. I did a session with all who wanted a refresher on this last Friday,

and they have homework on this, so they should be ok

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 |
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6 Vectors (8)

A few, but a few including e.g. Lara, had forgotten all their vectors stuff. Did a refresher with them last

Friday. Should be ok now. None, except those I did the refresher session with, knew how to save time by

using their calculators to e.g. get the angle between two displacements

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?

7 Cubics and quartics (8)

A lot of them found this hard, not because they’d forgotten the Vieta formulas, but because they were

defeated by the algebraic working-out. I showed them how to do the working-out using symmetry con-

siderations, rather than brute force - https://mathsmartinthomas.wordpress.com/2018/04/14/making-

a-new-equation-with-roots/ - but I doubt it’s stuck with them all. However, among questions of this

sort, this one is unusually hard in that respect

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.
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8 Matrices (8)

Quite a few had forgotten all this and had no idea how to retrieve these standard matrices once forgot-

ten

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.

9 Vectors (8)

See as previous vectors question, above

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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Answer sheet for made-up core pure maths practice paper

1. Square roots are ±(3−2i )

The other roots of the equation are 1± i

2. Sum = 1
3 n(n +1)(n −1)

3. 41 males, 39 females, 20 chicks
1 1 1

1 −1 0

1 1 3
2

 ·


m

f

c

=


100

2

110



4.

∣∣∣∣∣∣∣∣
1 2 1

3 4 2

2 6 3

∣∣∣∣∣∣∣∣= 0. The three planes meet in a common line of intersection (what the textbook calls

a sheaf)

5. (proof by induction)

6. "Slice" of a circle with centre −4i and radius 2, between a chord going up from −6i at angle π
4

and the imaginary axis.

Half-plane with all the points on the line Re(z) = 4 1
2 and to its left

Half-plane with all the points on the line Re(z) = 4 1
2 and to its right

Line Im(z) =−5i

7. A is r =


1

1

1

+λ ·


4

3

6

 or equivalent.

B is r =


2

2

0

+µ ·


−2

−3

12

 or equivalent. They meet when λ = µ = 1
6 at


1 2

3

1 1
2

2

. The angle between

them is 55.8◦

8. α+β+γ=−2

αβ+βγ+γα=−3

αβγ= 5

(α+β)+ (β+γ)+ (γ+α) = 2(α+β+γ)

(α+β) · (β+γ)+ (β+γ) · (γ+α)+ (γ+α) · (α+β) = (α+β+γ)2 + (αβ+βγ+γα)
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(α+β) · (β+γ) · (γ+α) = (α+β+γ) · (αβ+βγ+γα)−αβγ

New equation is x3 +4x2 +x −1 = 0

9.


1 0 0

0 1 0

0 0 −1

 ·


1 0 0

0 0 −1

0 1 0

 ·


1 0 0

0 −1 0

0 0 1

=


1 0 0

0 0 −1

0 1 0


10. Angle is 8.4◦

Distance from A to P is 3p
14
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