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improve fluency, recall and pace on AS topics. It could be 

used as lesson starters, or supplied to students for 
independent use.
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Find a vector equation of the straight 
line that passes through the points A 
and B, with coordinates 4,5, −1  and 

6,3,2  respectively.

(7 − 4𝑖)2

Solve the equation: 𝑥2 + 9 = 0

Simplify

The list of numbers below is to be sorted into ascending order. 

Perform a bubble sort to obtain the sorted list, giving the state of 

the list after each completed pass 

45 56 37 79 46 18 90 81 51

The random variable X has the following probability distribution:

Given that E(X) = 2.8 find the values of a and b.
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A discrete random variable X has the following probability 
distribution:

Find the probability distribution of X2.

The following list gives the names of some students who have 

represented Britain in the International Mathematics Olympiad.

 

Roper (R), Palmer (P), Boase (B), Young (Y), Thomas (T), Kenney 

(K), Morris (M), Halliwell (H), Wicker (W), Garesalingam (G).

Use the quick sort algorithm to sort the names above into alphabetical 

order. 

The straight line 𝑙 has vector equation:
 𝒓 = 3𝒊 + 2𝒋 − 5𝒌 + 𝑡(𝒊 − 6𝒋 − 2𝒌)

Given that the point (𝑎, 𝑏, 0) lies on 𝑙, find the 
value of 𝑎 and the value of 𝑏.

Represent the following complex numbers 
on an Argand diagram:

Find the magnitude of |OA|, |OB| and 
|OC|, where O is the origin of the Argand 
diagram, and A, B and C are z1, z2 and z3 
respectively

𝑧1 = 2 + 5𝑖

𝑧2 = 3 − 4𝑖

𝑧3 = −4 + 𝑖
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A discrete random variable X has the following probability 
distribution:

Find E(X) and Var (X)

What sort of graph is this?
No. edges?
Order of each node?

Find a Cartesian equation 
of the line with equation:

𝒓 =
4
3

−2
+ 𝜆

−1
2
5

Show that:



𝑟=1

𝑛

(7𝑟 − 4) =
𝑛

2
7𝑛 − 1
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𝑟=1

𝑛

(7𝑟 − 4) =
𝑛

2
7𝑛 − 1 

𝑟=20

50

(7𝑟 − 4)

Given that:                                       calculate the value of:

Find, in the form 𝒓 = 𝒂 + 𝜆𝒃 + 𝜇𝒄, 
an equation of the plane that 

passes through the points 
𝐴(2,2, −1), 𝐵(3,2, −1) and 𝐶(4,3,5)

Draw the adjacency matrix (aka 

incidence matrix) for this graph.

Fr
o

m

To

A fair 4-sided dice is rolled. Find E(X) and Var (X).
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A discrete random variable X has the following probability 
distribution:

Y = 2X + 1. Find E(Y) and Var(Y).

Use Kruskal’s Algorithm 

to find the MST showing 

clearly the order in 

which you include the 

edges. Draw the MST, 

and state its weight.

Verify that the point 𝑃 with position 

vector 
2
2

−1
 lies in the plane with 

vector equation:

𝒓 =
3
4

−2
+ 𝜆

2
1
1

+ 𝜇
1

−1
2

 

Find, to two decimal places, the modulus 
and argument of z = -2 + 4i

Find, to two decimal places, the modulus 
and argument of z = -3 - 3i
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Draw K5.

By considering the number of 

edges in K1 to  K5, write a formula 

for the number of edges in Kn.

The random variable W has a mean of 5 and a variance of 12. 
(a) Find E(3W - 1). 
(b) Find E(3 - 4W). 
(c) Find Var(3W + 1). 
(d) Find E(W2).

The plane Π is perpendicular to the 
normal vector 𝒏 = 3𝒊 − 2𝒋 + 𝒌 and 
passes through the point P with 

position vector 8𝒊 + 4𝒋 − 7𝒌. Find a 
Cartesian equation of Π.

Find the acute angle between the 
planes with equations 

𝒓.
4
4

−7
= 13 and 𝒓.

7
−4
4

= 6.
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A traffic police car, based at town A, has to travel along each 
of the roads at least once before returning to base at A. Find 
the minimum total distance the driver must travel, and a 
possible route.

X is a discrete random variable. 
The random variable Y is defined by 
You are given that E(Y ) = -1 and V ar(Y ) = 9.
Find E(X) and Var(X).



𝑟=1

50

𝑟 

𝑟=1

30

𝑟2

Evaluate, using known results:                               and: 

(a) Calculate the value of AB

(b) Show that matrix multiplication is 
not commutative

𝑨 =
−1 0
2 3

𝑩 =
4 1
0 −2 Sheet 7

http://www.exampaperspractice.co.uk/


© 2024 Exams Papers Practice. All Rights Reserved

www.exampaperspractice.co.uk

For more help, please visit www.exampaperspractice.co.uk

Use Prim’s Algorithm starting at node A to find the 

MST of the network below, showing clearly the 

order in which you include the edges. Draw the 

MST, and state its weight.

A discrete random variable X has the following probability 
distribution:

Given that E(Y ) = 2.4 and P(Y > 2) = 0.4, find a, b and c.

𝑨 =
4 𝑝 + 2

−1 3 − 𝑝

Given that 𝑨 is singular, find the value of p.

Find the acute angle between the line 𝒍 
with equation:

 𝒓 = 2𝒊 + 𝒋 − 5𝒌 + 𝜆(3𝒊 + 4𝒋 − 12𝒌)
 and the plane with equation:

 𝒓. 2𝒊 − 2𝒋 − 𝒌 = 2
Y is the discrete random variable such that Y = (X + 1)2.
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A discrete random variable X has the following probability 
distribution:

E(Y ) = 2.4, a = 0.1, b = 0.3 and c = 0.2. Find P(2X + 3 ≤ Y ).

Y is the discrete random variable such that Y = (X + 1)2.

Use the quicksort algorithm to rearrange the following 

numbers into ascending order. Indicate clearly the pivots that 

you use.

18     23     12     7     26     19     16     24

Find the value of 
1 2 4
3 2 1

−1 4 3

The lines 𝑙1 and 𝑙2 have equations:
𝑥−2

4
=

𝑦+3

2
= 𝑧 − 1 

and 
𝑥+1

5
=

𝑦

4
=

𝑧−4

−2
 

respectively.
Prove that 𝑙1 and 𝑙2 are skew.
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The number of demands for taxis to a taxi firm is Poisson 
distributed with, on average, four demands every thirty minutes.
(a) Find the probability of no demand in 30 minutes. 
(b) Find the probability of 1 demand in 1 hour. 
(c) Find the probability of fewer than 2 demands in 15 minutes.

Draw a tree with 6 nodes

Identify three cycles in this graph

Express the numbers following numbers 
in the modulus argument form:

𝑧1 = 1 + 𝑖 3

𝑧2 = −3 − 3𝑖

Given that 𝒂 =
8

−5
−4

 and 𝒃 =
5
4

−1
.

a) Find 𝒂. 𝒃

b) Find the angle between 𝒂 and 𝒃, 
giving your answer in degrees to 1 
decimal place
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Given that 𝒂 = −2𝒊 + 5𝒋 − 4𝒌 and 𝒃 = 4𝒊 −
8𝒋 + 5𝒌, find a vector which is 
perpendicular to both 𝒂 and 𝒃

𝑨 =
2 3
1 𝑎

𝑩 =
𝑏 −1
2 4

𝑪 =
3 𝑦
𝑥 3

Given that A + B = C, find the values of a, b, x and y

A snow plough leaves the depot at A and needs to 

travel down every road at least once before 

returning to the depot. Calculate the least distance 

it must cover and give a possible route it could use.

The number of organic particles suspended in a volume V ml of 
water from a particular pond follows a Poisson distribution with 
mean 0.2V .
(a) Find the probability that a volume of 50 ml contains fewer 

than 8 particles. 
(b) Find the probability that a volume of 30 ml contains more 

than 2 particles. 
(c) Find the probability that a volume of 10 ml contains 3 

particles. 
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The number of organic particles suspended in a volume V ml of 
water from a particular pond follows a Poisson distribution with 
mean 0.2V .
Find the smallest value of x such that the probability that there 
are more than x particles in a volume of 80ml is less than 0.15.

32      45      17      23      38      28      16      9      12     10

The numbers in the list above represent the lengths, in 

metres, of ten lengths of fabric. They are to be cut from rolls 

of fabric of length 60m.

(a) Calculate a lower bound for the number of rolls needed.

(b) Use the first-fit bin packing algorithm to determine how 

these ten lengths can be cut from rolls of length 60m.

(c) Use full bins to find an optimal solution that uses the 

minimum number of rolls.

Write z = 4 + 5i in modulus-argument form.

Express the following calculation in the form x + iy:

HINT: 𝑧1𝑧2 = 𝑟1𝑟2 𝑐𝑜𝑠 𝜃1 + 𝜃2 + 𝑖𝑠𝑖𝑛 𝜃1 + 𝜃2

3 𝑐𝑜𝑠
5𝜋

12
+ 𝑖𝑠𝑖𝑛

5𝜋

12
× 4 𝑐𝑜𝑠

𝜋

12
+ 𝑖𝑠𝑖𝑛

𝜋

12

Given that the vectors 𝒂 = 2𝒊 − 6𝒋 + 𝒌 and 
𝒃 = 5𝒊 + 2𝒋 + 𝜆𝒌 are perpendicular, find 
the value of 𝜆.
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Given that 𝑧 − 4 = 5

a) Sketch the locus of z on an Argand 
diagram

b) Find the values of z that satisfy:

i) 𝑧 − 4 = 5 and 𝐼𝑚 𝑧 = 0

ii) 𝑧 − 4 = 5 and 𝑅𝑒 𝑧 = 0

The square S has coordinates (1,1), (3,1), 
(3,3) and (1,3).

Find the coordinates of the vertices of 
the image of S after the transformation 

given by the matrix:

𝑴 =
−1 2
2 1

Faulty components are detected at a rate of 2.5 per hour.
(a) Suggest a suitable model for the number of faulty 

components detected per hour. 
(b) Describe, in the context of the question, two assumptions 

you have made in part a for this model to be suitable. 
(c) Find the probability of 2 faulty components being detected 

in a 1-hour period. 
(d) Find the probability of at least 6 faulty components being 

detected in a 3-hour period.

What sort of graph is this?
No. edges?
Order of each node?
Handshake Lemma means what?
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.
The list of numbers below is to be sorted into descending 

order. Perform a bubble sort to obtain the sorted list, giving 

the state of the list after each completed pass 

52     48      50     45     64     47      53

The number of emissions per minutes from two radioactive 
sources are modelled by independent random variables X and Y 
which have Poisson distributions with means 5 and 8 respectively.
(a) Calculate the probability that the total number of emissions 

from the two sources is less than 6. 
(b) Calculate the probability that in any second the total number 

of emissions from the two sources is greater than 1.

Given that the complex number             
z = x + iy satisfies the equation:

Find the minimum and maximum values 
of |z|

𝑧 − 12 − 5𝑖 = 3

Find the coordinates of the point 
of intersection of the line 𝑙 and 
the plane Π where 𝑙 has equation:

𝒓 = −𝒊 + 𝒋 − 5𝒌 + 𝜆(𝒊 + 𝒋 + 2𝒌)

And Π has equation:

𝒓. 𝒊 + 2𝒋 + 3𝒌 = 4
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A student is investigating the number of tulips, x, in each of 100 
randomly selected squares within a field. The results can be 
summarised as:

(a) Calculate the mean and variance of the number of tulips per 
square for the 100 squares. 

(b) Explain why the results in part a suggest that a Poisson 
distribution may be a suitable model for the number of tulips 
per square for the 100 squares. 

(c) Using a suitable value of , estimate the probability that 
exactly 3 tulips will be found in a randomly selected square.

A B C D E F

A - 4 9 12 7 6

B 4 - 7 8 10 8

C 9 7 - 11 - 7

D 12 8 11 - 2 3

E 7 10 - 2 - 5

F 6 8 7 3 5 -

By using Prim’s Algorithm on the matrix below starting at 

node A, find the MST of the network. State clearly the order 

in which you included the edges, and draw the MST

Given that BA = 0, calculate AB in terms 
of a.

𝑨 =
−1
𝑎

𝑩 = 𝑏 2

The lines 𝑙1 and 𝑙2 have vector 
equations:

𝒓 =
3
1
1

+ 𝜆
1

−2
−1

and

𝒓 =
0

−2
3

+ 𝜇
−5
1
4

Show that the lines intersect, and 
find their point of intersection.
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29 52 73 87 74 47 38 61 41

The numbers in the list represent the lengths in minutes of 

nine radio programmes. They are to be recorded onto tapes 

which each store up to 100 minutes of programmes.

(a)  Obtain a lower bound for the number of tapes needed 

to store the nine programmes.

(b) Use the first-fit bin packing algorithm to fit the 

programmes onto the tapes.

(c) Use the first-fit decreasing bin packing algorithm to fit 

the programmes onto the tapes.

The probability that a patient has a particular disease is 0.008. 
One day 80 people go to their
doctor. 
(a) Let X = number of patients with the disease. State the 

distribution, with parameters, of X. 
(b) Using a suitable approximation, what is the probability that 

exactly 2 of the patients have the disease? 
(c) What is the probability that 3 or more of them have the 

disease?

Describe fully the geometrical transformation 
represented by this matrix:

3 0
0 3

Find a matrix to represent the transformation:
      ‘Rotation of 45° anticlockwise about (0,0)’

The line 𝑙 has equation:

𝒓 =
−2
1
4

+ 𝜆
1

−2
1

The point 𝑃 has position vector: 
2
1
3

Show that 𝑃 does not line on 𝑙.
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Assume that for the city of Naples in Italy, the chance of 
an earthquake on a random day is 0.00002. I want to find 
the probability that there are at least two earthquakes 
between the start of 2001 and the end of 2010. 
(a) Find the probability using a valid distribution.
(b) Find the probability using a Poisson approximation. 
(c) What is the % difference in your answers?

Construct the distance matrix 
corresponding to this networkThe matrix 𝐴 =

3 𝑘 0
−2 1 2
5 0 𝑘 + 3

, 

where k is a constant.

a) Find det 𝑨 in terms of k

b) Given that A is singular, find the 
possible values of k



𝑟=2

5

𝑟2 

𝑟=20

40

𝑟3
Evaluate, using known results:                               and: 
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A council employee needs to check the condition of the roads. To 
do this she needs to start at her office at A, travel down each road 
at least once, and return to her office. She wishes to travel the 
least possible distance. Find the distance she must travel, and one 
possible route she could take.

The random variable X has a Poisson distribution believed to have 
a mean of 5. A single observation of X has the value 10. Test, at 
the 10% significance level, whether the mean is equal to 5.

Show that the shortest distance 
between the parallel lines with 

equations:
𝒓 = 𝒊 + 2𝒋 − 𝒌 + 𝜆(5𝒊 + 4𝒋 + 3𝒌)

and
𝒓 = 2𝒊 + 𝒌 + 𝜇(5𝒊 + 4𝒋 + 3𝒌)

is 
21 2

10

The following matrices represent three different 
transformations:

Find the matrix representing the transformation 
represented by R, followed by Q, followed by P and give 

a geometrical interpretation of this transformation.

𝑷 =
1 1
2 3

𝑸 =
1 2
0 1

𝑹 =
3 7

−1 −2
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In the past, an office printer has failed, on average, once every 
four weeks. A new, more expensive, printer is on trial. The 
manufacturer claims that it is more reliable. In the first 44 weeks 
of use, the new photocopier fails 5 times. Assuming that the 
failures of the printer occur independently and at random, test, at 
the 5% significance level, whether there is evidence that the new 
printer is more reliable than the old one.

There are five mathematicians who are members of a 

committee

Newton (N),  Euler (E),  Descartes (D),  Pythagoras (P)  and 

Archimedes (A).

Use a bubble sort algorithm to rearrange the names into 

alphabetical order, showing the new arrangement after each 

comparison.

The points 𝐴, 𝐵 and 𝐶 have coordinates 
(2, −1,1), (5,1,7) and (6, −3,1) respectively.

a) Find 𝐴𝐵. 𝐴𝐶

b) Hence, or otherwise, find the area of 
triangle 𝐴𝐵𝐶

The triangle T is rotated 90° anticlockwise around 
(0,0) and then the image T’ is reflected in the line y 

= x to obtain the triangle T’’.

a) i) Find the matrix P such that P(T) = T’

      ii)  Find the matrix Q such that Q(T’) = T’’

b) By finding a matrix product, find the single 
matrix that will perform a 90° anticlockwise 
rotation followed by a reflection in y = x
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HINT: 𝑧1𝑧2 = 𝑟1𝑟2 𝑐𝑜𝑠 𝜃1 + 𝜃2 + 𝑖𝑠𝑖𝑛 𝜃1 + 𝜃2

Express the following calculation in the 
form x + iy:

2 𝑐𝑜𝑠
𝜋

15
+ 𝑖𝑠𝑖𝑛

𝜋

15
× 3 𝑐𝑜𝑠

2𝜋

5
− 𝑖𝑠𝑖𝑛

2𝜋

5

HINT : cos(-θ) = cosθ and sin(-θ) = -sinθ 

Find a formula for the sum of the 
series:



𝑟=1

𝑛

𝑟(𝑟 + 3)(2𝑟 − 1)

A B C D

A - 14 11 -

B 14 - 7 -

C 11 7 - 20

D - - 20 -

Draw the network corresponding 
to this distance matrix

A company manufactures 60-watt light bulbs and, under normal 
conditions, 5% of the light bulbs are faulty. They are packed in 
boxes of 280. A box that is randomly chosen on a random day has 
20 faulty light bulbs in. Using a Poisson approximation to the 
binomial distribution and a 5% level of significance, test whether 
the percentage of faulty light bulbs on that day is different from 
5%.
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Given

Calculate the following:



𝑟=1

𝑛

𝑟(𝑟 + 3)(2𝑟 − 1)

=
 𝑛(𝑛 + 1)(3𝑛2 + 13𝑛 − 4)

6



𝑟=11

40

𝑟(𝑟 + 3)(2𝑟 − 1)

The plane Π has equation:
 𝒓. 𝒊 + 2𝒋 + 2𝒌 = 5 

The point 𝑃 has coordinates:
(1,3, −2)

Find the shortest distance between 𝑃 
and Π

Use the quick sort algorithm to sort these letters into 

alphabetical order, showing your pivots clearly at each stage

G,  A,  Z,  C,  M,  T,  B

A company claims that it receives emails at a mean rate of four 
every 10 minutes. 
(a) Using a 5% level of significance, find the critical region for a 
two-tailed test of the hypothesis that the mean number of emails 
received in a 10 minute period is not 4. The probability of
rejection in each tail should be as close as possible to 0.025, but 
not larger.
(b) Find the actual level of significance of this test.
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It is believed that the number of errors in a page of a manuscript 
word-processed by the school's
secretary has a Poisson distribution with mean 1.4.

(a) Using a 5% level of significance, find the critical region for a 
one-tailed test of the hypothesis that the mean number of errors 
in a page of a manuscript word-processed by the school’s 
secretary is more than 1.4. 

(b) Find the actual level of significance of this test. 

(c) On a particular day, the headmaster counted 4 errors on a 
manuscript word-processed by the school's secretary. Comment 
on this observation in light of your critical region.

Draw a graph with 6 nodes and no 

odd nodes that is not Eulerian

Draw a semi-Eulerian graph 

with 6 nodes

Determine whether each of the 
following can be evaluated and if so, find 
the product:

a)  AB

b)  BC

c)  CA

d)  BCA

𝑨 = 1 −1 2

𝑩 = 3 −2

𝑪 =
4
5



𝑟=𝑛+1

2𝑛

𝑟2

Find, in terms of n:
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Nine pieces of wood are required to build a small 

cabinet. The lengths, in cm, of the pieces of wood are 

listed below.

20,     20,     20,     35,     40,     50,     60,     70,     75

Planks, one metre in length, can be purchased at a cost 

of £3 each.

Use the first fit algorithm to determine how many of 

these planks are to be purchased to make this cabinet. 

Find the total cost and the amount of wood wasted. 

During winter months, the number of emergency calls received 
by a power company occur randomly at a uniform rate of 6 per 
day. They believe that the rate of calls has changed recently. To 
test this, the number of incoming calls during a 3-day period is 
recorded.

(a) Using a 5% level of significance, find the critical region for a 
two-tailed test of this hypothesis. 

(b) Find the actual level of significance of this test. 

(c) The actual number of calls recorded over the 3-day period was 
9. Comment on this observation in light of your critical region.

If:

Sketch the locus of P(x,y) which is 
represented by z on an Argand 
diagram. Then find the Cartesian 
equation of this locus algebraically.

𝑎𝑟𝑔𝑧 =
𝜋

4

The line 𝑙 has equation:

The point 𝐴 has coordinates (1,2, −1)
a) Find the shortest distance between 𝐴 and 𝑙.
b) Find a Cartesian equation of the line that is 

perpendicular to 𝑙, and passes through 𝐴.

𝑥 − 1

2
=

𝑦 − 1

−2
=

𝑧 + 3

−1
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Two of the three graphs below are isomorphic 
to each other. Which two?

Find the perpendicular distance from the 
point with coordinates (3,2, −1) to the plane 
with equation 2𝑥 − 3𝑦 + 𝑧 = 5

For each of the matrices below, determine if 
they are singular and if they are not, find 
their inverse:

𝑨 =
3 2

−1 1
𝑩 =

2 1
2 1

𝑪 =
1 3
2 0

A die is thrown 120 times. Carry out a hypothesis test at the 
significance level of 5% to see whether the data indicates 
that the die is fair.
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The list of numbers below is to be sorted into ascending 

order. Perform a Quick Sort to obtain the sorted list, giving 

the state of the list after each pass, indicating the pivot 

elements.

45    32    51    75    56    47    61    70    28

In genetic work it is predicted that the children with both parents 
of blood group AB will fall into blood groups AB, A, and B in the 
ratio of 2:1:1. Of a random sample of 100 such children 55 were
blood group AB, 27 blood group A and 18 blood group B. Test at 
the 10% significance level whether the observed results agree 
with the theoretical prediction.

The diagram shows 
the region 𝑅 which is 
bounded by the x-
axis, the y-axis and 
the curve with 
equation  𝑦 = 9 − 𝑥2. 
The region is rotated 
through 360˚ about 
the x-axis. Find the 
exact volume of the 
solid generated.

𝑦 = 9 − 𝑥2

𝑅

𝑦

𝑥𝑂 3



𝑟=1

3

(10𝑟 − 1) 

𝑟=1

25

(3𝑟 + 1)

Evaluate, using known results:                               and: 
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Draw the graph which has 

this adjacency matrix (aka 

incidence matrix)

Is a binomial distribution B(4, ½ ) a good fit for the 
following data? Test at the 5% significance level. 

0 ≤ 𝑎𝑟𝑔 𝑧 − 2 − 2𝑖 ≤
𝜋

4

Shade on an Argand diagram the 
region indicated by:

A and B are 2 x 2 non-singular matrices 
such that BAB = I.

a) Prove that A = B-1B-1

b) Given that 

Find the matrix A such that BAB = I

𝑩 =
2 5
1 3
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In routine tests of germination rates, carrot seeds are planted in 
rows of 5 and the number of seeds which have germinated in 
each row after a fixed time interval is counted. The table below 
shows the results for 100 such rows. 

(a) Use the data to estimate a value for p, the probability that a 
seed germinates. 
(b) Calculate the expected frequencies for the model B(5, p). 
Hence, use a 2 goodness of t test at the 5% significance level to 
test the suitability of the model B(5, p).

The list of numbers below is to be sorted into ascending 

order. 

Perform: 

(i)a bubble sort to obtain the sorted list, giving the state 

of the list after each completed pass.

(ii)a quick sort to obtain the sorted list, giving the state of 

the list after each completed pass.

8        4       13        2      17       9        15

The diagram shows the curve with equation 
𝑦 = 𝑥 − 1. The region R is bounded by the 
curve, the y axis and the lines 𝑦 = 1 and 𝑦 = 3. 
The region is rotated 360˚ about the y axis. 
Find the volume of the solid generated.

𝑦

𝑥

𝑦 = 𝑥 − 1

𝑅

1

3

The Matrix 𝑴 =
2 0
0 4

.

a) Describe fully the transformation 
represented by matrix 𝑴

b) A triangle 𝑇 has vertices at (1,0), 
(4,0) and (4,2). Find the area of the 

triangle

c) Triangle 𝑇 is transformed by using 
matrix 𝑴. Find the area of the 

image of 𝑇.
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8         7         14         9         6         9         5         15         

6         7         8

 

The numbers represent the lengths, in cm, of pieces to be 

cut from 20cm rods

Use a first fit algorithm to identify the number of rods 

required and the wastage. 

The numbers of defects in 60 printed circuit boards were 
recorded and the results are shown in the table below. Can these 
results be modelled by a Poisson distribution? Test at the 5% 
significance level.

The lines 𝑙1 and 𝑙2 have equations:

Find the shortest distance between 
these two lines.

𝒓 =
1
0
0

+ 𝜆
0
1
1

𝒓 =
−1
3

−1
+ 𝜇

2
−1
−1

The roots of the quadratic equation 
2𝑥2 − 5𝑥 − 4 = 0 are 𝛼 and 𝛽. 
Without solving the equation, find 
the values of:

a) 𝛼 + 𝛽

b) 𝛼𝛽

c) 
1

𝛼
+

1

𝛽

d) 𝛼2 + 𝛽2
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8         7         14         9         6         9         5         15         

6         7         8

 

The numbers represent the lengths, in cm, of pieces to 

be cut from 20cm rods

Use a first fit decreasing algorithm to identify the 

number of rods required and the wastage. 

A public opinion poll surveyed a simple random sample of 1000 
voters. Respondents were classified by their sex (male or female) 
and by their voting preference (Conservative, Labour, or others).
Results are shown in the contingency table below. Conduct a 
goodness-of-t test, at the 5% significance level, to see whether 
voting preference and sex are independent of each other.

Given that A + 2B = C, find the values of a, b and c

𝑨 =
𝑎 0
1 2

𝑩 =
1 𝑏
0 3

𝑪 =
6 6
1 𝑐

The straight line 𝑙 has vector 
equation:
 𝒓 = 2𝒊 + 5𝒋 − 𝟑𝒌 + 𝜆(6𝒊 − 2𝒋 + 4𝒌)

Show that another vector equation 
of 𝑙 is:

𝒓 = 8𝒊 + 3𝒋 + 𝒌 + 𝜇(3𝒊 − 𝒋 + 2𝒌)
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8         7         14         9         6         9         5         15         

6         7         8

 

The numbers represent the lengths, in cm, of pieces to 

be cut from 20cm rods

Use a full-bin algorithm to identify the number of rods 

required and the wastage. 

Prove by mathematical induction that, 
for  𝑛 ∈ ℤ+



𝑟=1

𝑛

2𝑟 − 1 = 𝑛2

The roots of the quadratic equation 
𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 are    𝛼 = −

3

2
 and 

𝛽 =
5

4
. Find integer values for 𝑎, 𝑏 

and 𝑐.

𝑴 = −2 2 −2 2

2 2 −2 2

The matrix 𝑴 represents an enlargement 
with scale factor 𝑘 followed by an 

anticlockwise rotation through angle 𝜃 about 
the origin. 

a) Find the value of 𝑘

b) Find the value of 𝜃
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−1 0
0 −1

Describe fully the geometrical transformation 
represented by this matrix:

0 −1
−1 0

Describe fully the geometrical transformation 
represented by this matrix:

The lines 𝑙1 and 𝑙2 have vector equations:

 𝒓 = 2𝒊 + 𝒋 + 𝒌 + 𝑡(3𝒊 − 8𝒋 − 𝒌)
And 

𝒓 = 7𝒊 + 4𝒋 + 𝒌 + 𝑠(2𝒊 + 2𝒋 + 3𝒌)
Given that 𝑙1 and 𝑙2 intersect, find the 
size of the acute angle between the 
lines, to 1 decimal place.

x

y

𝒚 = 𝟓 − 𝟐𝒙

The region R is bounded by the line 
𝑦 = 5 − 2𝑥, and the x and y axes. The 
region is rotated through 360˚ about 
the x-axis. Find the exact volume of 

the solid generated.

If 𝛼, 𝛽 and 𝛾 are the roots of the 
equation 2𝑥3 + 3𝑥2 − 4𝑥 + 2 = 0, 
find the values of:

a) 𝛼 + 𝛽 + 𝛾

b) 𝛼𝛽 + 𝛽𝛾 + 𝛾𝛼

c) 𝛼𝛽𝛾

d) 
1

𝛼
+

1

𝛽
+

1

𝛾
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The roots of a cubic equation    
𝑎𝑥3 + 𝑏𝑥2 + 𝑐𝑥 + 𝑑 = 0 are           

𝛼 = 1 − 2𝑖, 𝛽 = 1 + 2𝑖 and 𝛾 = 2.

Find integer values for 𝑎, 𝑏, 𝑐 and 𝑑.

Prove, by induction, that the expression 
‘n3 – 7n + 9’ is divisible by 3 for all 

positive integers 𝑛 ∈ ℤ+

The plane Π passes through the point 𝐴 and is 
perpendicular to the vector 𝒏.

Given that 𝑂𝐴 =
2
3

−5
 and 𝒏 =

3
1

−1
, with O being 

the origin, find an equation of the plane:
a) In scalar product form
b) In Cartesian form

The region R is bounded by the 
curve with equation 𝑦 = 𝑥3 + 2, the 
line y = 7 and the y axis. The region 
is rotated through 360˚ about the 

y-axis. Find the exact volume of 
the solid generated.

x

y
𝒚 = 𝒙𝟑 + 𝟐
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Expand & simplify (−7 − 22𝑖)(1 + 3𝑖)

Find z + z*, and zz*, given that:

z = 2 – 7i

Write √-36 in terms of i

The line 𝑙 has equation:

𝒓 =
−2
1
4

+ 𝜆
1

−2
1

The point 𝑃 has position vector: 
2
1
3

Show that 𝑃 does not line on 𝑙.
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Write √-28 in terms of i

Solve the equation: 𝑥2 + 6𝑥 + 25 = 0

Expand & simplify (2 − 3𝑖)(4 − 5𝑖)(1 + 3𝑖)

Find the equation of the straight line 
that passes through the point A, 

which has position vector 
3

−5
4

, and 

is parallel to the vector      
7
0

−3
.

The straight line 𝑙 has vector equation:

 𝒓 = 3𝒊 + 2𝒋 − 5𝒌 + 𝑡(𝒊 − 6𝒋 − 2𝒌)

Given that the point (𝑎, 𝑏, 0) lies on 𝑙, 
find the value of 𝑎 and the value of 𝑏.
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The plane Π has equation:
 𝒓. 𝒊 + 2𝒋 + 2𝒌 = 5 
The point 𝑃 has coordinates:

(1,3, −2)
a) Find the shortest distance between 𝑃 
and Π
b) The point 𝑄 is a reflection of 𝑃 in Π. 
Find the coordinates of 𝑄.

The matrices 𝑷 and 𝑸 are non-singular. Prove 
that 𝑷𝑸 −1 = 𝑸−1𝑷−1.

HINT: Start by letting 𝑪 = 𝑷𝑸 −1
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1 3 1
0 4 1
2 −1 0

Given that the Matrix 𝑨 =

find 𝑨−1

Given that 3 + i is a root of the 
quartic equation:

Solve the equation completely.

2𝑥4 − 3𝑥3 − 39𝑥2 + 120𝑥 − 50 = 0 

𝑟=1

𝑛

𝑟2 =
1

6
𝑛 𝑛 + 1 2𝑛 + 1

Prove by mathematical induction that, 
for  𝑛 ∈ ℤ+

Sheet 37

http://www.exampaperspractice.co.uk/


© 2024 Exams Papers Practice. All Rights Reserved

www.exampaperspractice.co.uk

For more help, please visit www.exampaperspractice.co.uk

The matrix 𝑨 =
−2 3 −3
0 1 0
1 −1 2

 and the matrix 

𝑩 is such that 𝑨𝑩 −1 =
8 −17 9

−5 10 −6
−3 5 −4

a) Show that 𝑨−1 = 𝑨

b) Find 𝑩−1

Given that -1 is a root of the 
equation:

Find the other two roots of the 
equation.

𝑥3 − 𝑥2 + 3𝑥 + 𝑘 = 0

Prove, by induction, that 32n + 11 is 
divisible by 4 for all positive integers 
𝑛 ∈ ℤ+

If:

Sketch the locus of P(x,y) which is 
represented by z on an Argand 

diagram

𝑧 − 5 − 3𝑖 = 3
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𝑥 + 𝑦 + 𝑧 = 2

2𝑥 + 3𝑦 − 𝑧 = 13

𝑥 − 2𝑦 + 3𝑧 = −11

Determine the number of solutions to this set of 
equations, and give a geometric interpretation:

Expand & Simplify (2𝑖)5

Find z + z*, and zz*, given that:

z = 2√2 + i√2 

Write the following in the form 𝑎 + 𝑏𝑖 (10 + 5𝑖)

(1 + 2𝑖) 

Use mathematical induction to prove that:

1 −1
0 2

𝑛

=
1 1 − 2𝑛

0 2𝑛
𝑓𝑜𝑟 𝑛 ∈ ℤ+

If:

Find the maximum value of argz in the 
interval (-π,π)

𝑧 − 5 − 3𝑖 = 3
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Use an inverse matrix to solve the 
simultaneous equations:

−𝑥 + 6𝑦 − 2𝑧 = 21

6𝑥 − 2𝑦 − 𝑧 = −16

−2𝑥 + 3𝑦 + 5𝑧 = 24

Find the quadratic equation that has 
roots 3 + 5i and 3 – 5i



𝑟=1

𝑛

𝑟2𝑟 = 2 1 + (𝑛 − 1)2𝑛

Prove by mathematical induction that, 
for  𝑛 ∈ ℤ+

If:

Use an algebraic method to find a 
Cartesian equation of the locus of z

𝑧 − 5 − 3𝑖 = 3
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Determine the number of solutions to this set of 
equations, and give a geometric interpretation:

3𝑥 − 𝑦 − 6𝑧 = 1

𝑥 + 3𝑦 + 3𝑧 = 2

−3𝑥 − 𝑦 + 3𝑧 = −2

Prove, by induction, that the expression 
’11n+1 + 122n-1’ is divisible by 133 for all 

positive integers 𝑛 ∈ ℤ+

Sketch the locus of P(x,y) which is 
represented by z on an Argand diagram, 

if:

𝑧 = 𝑧 − 6𝑖

HINT:   
𝑧1

𝑧2
 =

𝑟1

𝑟2
𝑐𝑜𝑠 𝜃1 − 𝜃2 + 𝑖𝑠𝑖𝑛 𝜃1 − 𝜃2

Express the following calculation in the 
form x + iy:

2 𝑐𝑜𝑠
𝜋

12
+ 𝑖𝑠𝑖𝑛

𝜋
12

2 𝑐𝑜𝑠
5𝜋
6

+ 𝑖𝑠𝑖𝑛
5𝜋
6
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−2 9
−1 4

𝑛

=
−3𝑛 + 1 9𝑛

−𝑛 3𝑛 + 1
𝑓𝑜𝑟 𝑛 ∈ ℤ+

Use mathematical induction to prove that:

Use an algebraic method to find the 
Cartesian equation of the locus of z if:

𝑧 − 3 = 𝑧 + 𝑖

𝑧 − 4 < 𝑧 − 6

Shade on an Argand diagram the 
region indicated by:

Show that:



𝑟=1

𝑛

𝑟2 + 𝑟 − 2 =
𝑛

3
(𝑛 + 4)(𝑛 − 1)

Given that:

calculate  the sum of the series:

4 + 10 + 18 + 28 + 40 … … … + 418



𝑟=1

𝑛

𝑟2 + 𝑟 − 2 =
𝑛

3
(𝑛 + 4)(𝑛 − 1)
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The three roots of a cubic equation 
are 𝛼, 𝛽 and 𝛾. Given that 𝛼𝛽𝛾 = 4, 

𝛼𝛽 + 𝛽𝛾 + 𝛾𝛼 = −5 and 𝛼 + 𝛽 + 𝛾 = 3, 
find the value of 𝛼 + 3 𝛽 + 3 𝛾 + 3 . 

x

y
𝒚 = 𝒙

3

The diagram shows the 
region R bounded by the 

curve with equation 𝑦 = 𝑥 , 
the line 𝑦 = 3 and the y-

axis. The region is rotated 
through 360˚ about the y-
axis. Find the exact volume 

of the solid generated.

If:

Sketch the locus of P(x,y) which is 
represented by z on an Argand 
diagram. Then find the Cartesian 
equation of this locus algebraically.

arg(𝑧 − 2) =
𝜋

3

Determine the number of solutions to this set of 
equations, and give a geometric interpretation:

𝑥 + 𝑦 + 𝑧 = 8

2𝑥 + 2𝑦 + 2𝑧 = 14

3𝑥 − 𝑦 − 𝑧 = 10
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Use Dijkstra’s Algorithm to find the shortest route from S to T in 

this network
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Use Dijkstra’s Algorithm to find the shortest route from A to G in 

this network
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