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 GCE:  AS Further Mathematics 
  

 

 

Grade:  A Exemplar

AS1:  Pure Mathematics 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Answer all seven questions. 
Show clearly the full development of your answers. 

Answers should be given to three significant figures unless otherwise stated. 

Q1a Given A = �3 7
1 2� and B = �   4 −1

−3    1� 

 find: 

Q1a(i) AB      [2] 

Student’s response 

 

Examiner’s comments 

The candidate has carefully multiplied the matrices, showing all stages of the calculation and 
obtaining the correct answer.  
Marks awarded: 2/2. 
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Q1a(ii) (AB)−1      [4] 

Student’s response 

 

Examiner’s comments 

A perfectly correct response, in which the determinant has been found and the matrix 
elements re-arranged to produce the inverse.  
Marks awarded: 4/4. 
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Q1a(iii)  Show that (AB)−1 = B−1 A−1      [4] 

Student’s response 

 

Examiner’s comments 

The candidate has found the inverses of A and B and multiplied these in the correct order to 
show the required result.  
Marks awarded: 4/4. 
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Q1b A transformation is defined by   
 
 
This transformation maps any point on the line y = mx onto another point on the line y = mx.  
Find the possible values of m. [6] 

Student’s response 

 

Examiner’s comments 

The candidate has set up the matrix equation relating the original and image coordinates.  
They show clearly that the original and image points are not identical by their use of lower 
case and upper case letters for each.  They then use the fact that y = mx for points on the 
original line and follow up by using the same relationship for the image points.  The resulting 
simultaneous equations are solved to form a quadratic in m which then produces the two 
possible values of m.  

Marks awarded: 6/6. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2 Fig. 1 below shows a parallelepiped ABCDEFGH. 

 

 

 

 

 

 

 

 

 

The vertices A, B, D, E have coordinates (0, 0, 0), (5, −2, 3), (2, −3, 4) and 
(3, −2, −3) respectively. 

Find the volume of the parallelepiped. [6] 
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Student’s response 

 

Examiner’s comments 

The candidate has stated and tried to use the correct volume formula.  They have identified 
the relevant vectors and substituted them correctly into the formula.  However, there is a 
minor calculation error in the vector product which leads to an incorrect value for the volume. 
Marks awarded: 4/6. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q3a(i) Find the inverse of the matrix. [4] 

 

 

Student’s response 

 

Examiner’s comments 

The candidate has carefully worked through the stages of finding the inverse.  They have 
found the determinant and then proceeded directly to the matrix of cofactors.  They complete 
the solution by using the determinant and finding the transpose.  
Marks awarded: 4/4. 
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Q3a(ii) Find the matrix B which satisfies the equation. [3] 

A2 + AB = I 

Student’s response   

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

The candidate has attempted to multiply the original equation by A¯¹, but has made an error 
in their working.  They then find the correct value of A² and gain 1 mark.  They try to use this 
value, but their final answer is incorrect as a result of the initial error. 
Marks awarded: 1/3. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q3b The roots of the equation 2x2 + 5x – 6 = 0  are α and β. 

 Find an equation with integer coefficients whose roots are α2 and β2   [6] 

Student’s response 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Student’s response (continued) 

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

The candidate has correctly identified the sum and product of the roots of the original 
equation.  They then use these to find the correct sum and product of the roots of the new 
equation.  These are used to produce the final answer, given in the format required by the 
question. 
Marks awarded: 6/6. 
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Q4a Express the following in the form a + bi where a and b are real numbers. 

Q4a(i) (3 − 2i) (2 + i)  [2] 

Student’s response 

 

 

Examiner’s comments 

A simple multiplication which was correctly calculated. 

Marks awarded: 2/2. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4a(ii)   
3-2i
2-i 

    [3]  

 
Student’s response 

 

Examiner’s comments 

The candidate knew how to use the conjugate of the denominator and has completed the 
calculations perfectly. 

Marks awarded: 3/3. 
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Q4a(iii)         √16i    [7] 

Student’s response 

 

Examiner’s comments 

The candidate has not been able to recognise the starting point for this problem and therefore 
could not make any progress. 
Marks awarded: 0/7. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4b z = 1 – i is a root of the equation 

  z³ - 5z² + az + b = 0    where 𝑎𝑎 and 𝑏𝑏 are integers. 

 Find the other two roots and the values of 𝑎𝑎 and 𝑏𝑏.  [7] 

Student’s response 
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Student’s response (continued) 

 

 

 

 

Examiner’s comments 

The candidate has recognised that the complex conjugate is another root of the equation.  
They then use an alternative method of using the factor theorem.  They substitute the 1st root 
into the cubic expression and set the answer equal to zero.  By equating the real and 
imaginary coefficients of the resulting equation, they find the values of a and b.  They 
proceed to state the 3rd root of the cubic.  Ideally, they should have shown full working of 
long division or use of the factor theorem, but they were given the benefit of the doubt and 
awarded the final marks. 
Marks awarded: 7/7. 
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Q5a A complex number is given by z₁ = -√3 + 3i 

 Find: 

Q5a(i) the modulus of z₁  [2] 

Student’s response 

 

Examiner’s comments 

A perfect response.  Marks awarded: 2/2. 

Q5a(ii) the argument of z₁ in radians.  [2] 

Student’s response 

 

Examiner’s comments 

The candidate has found the correct argument.  Use of the diagram helps to ensure the correct 
argument is given.  

Marks awarded: 2/2.  
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The complex number z₂ has modulus √3 and argument 
π
4
 

Find in modulus argument form: 

Q5a(iii)   z₁  z₂       [4] 

Student’s response 

 

Examiner’s comments 

The candidate knows the modulus - argument methods for finding the argument and modulus 
of a product of complex number.  It would have been better to leave the final answer in 
radian mode, but the marks were awarded since the radian value of the angle was seen in an 
earlier stage of the question. 
Marks awarded: 4/4. 
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Q5a(iv) z1

z2
       [4] 

Student’s response 

 

Examiner’s comments 

As in (iii) the candidate knows the relevant methods and has carried these out correctly. 

Marks awarded: 4/4. 
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Q5b The complex number of z satisfies both             

 Sketch on an Argand diagram the region satisfied by z. [6] 

Student’s response 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

The candidate has identified the first locus as a circle and shown the correct centre and radius 
on their diagram.  The general position of the half-line and its angle with the y-axis is correct, 
but the starting point of the half-line is incorrect.  However, the shaded region is correct, 
when based on the candidate’s line, and the final mark was awarded as follow through. 
Marks awarded: 5/6. 
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Q6 The matrix M is given by 

   

Q6(i) Find the determinant of M      [4] 

Student’s response 

 

Examiner’s comments 

A clear calculation of the determinant. 

Marks awarded: 4/4. 
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Q6(ii) Find the value of a for which the matrix equation 

 

 

 does not have a unique solution.  [2] 

Student’s response 

 

Examiner’s comments 

The candidate knows the condition for a non-unique solution and sets the determinant equal 
to zero, thus obtaining the correct value of a. 

Marks awarded: 2/2. 
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Q6(iii) Find the general solution of the system of equations 

     3x + 4y + z = 6 
      x + 2y - z = 0 
         x + y + z = 3      [4] 

Student’s response 

 

 

Examiner’s comments 

Two pairs of simultaneous equations are used to find x in terms of z. The candidate then finds 
y in terms of z and writes a final general solution in terms of t.   

Marks awarded: 4/4.  
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Q7a The lines  𝑙𝑙1 and 𝑙𝑙2 have equations Find: 

   

Q7a(i) Show that the line 𝒍𝒍𝟏𝟏 and 𝒍𝒍𝟐𝟐 intersect.  [6] 

Student’s response 

 

Examiner’s comments 

The candidate has equated the lines and obtained three equations in terms of λ and μ.  One 
pair of equations is solved to find λ and μ.  Finally, the candidate has checked that these 
values satisfy the 3rd equation.  Marks awarded: 6/6. 
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Q7a(ii) Find the coordinates of the point of intersection.  [1] 

Student’s response 

 

Examiner’s comments 

The candidate uses the values found in (i) but does not write the final answer as coordinates 
and therefore the MW1 mark is not awarded. 

Marks awarded: 0/1. 
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Q7b Two planes are given by 

  r. ( i + 2j + k) = - 5 
 r. (2i – 3j + k) = 15 

Q7b(i) Find, in vector form, an equation of the line of intersection of the planes.  [6] 

Student’s response 

 

 

 

 

Examiner’s comments 

The candidate has re-written each of the vector equations in cartesian form and has attempted 
to solve these equations.  However, they have substituted a specific value of x and this has 
prevented them from finding the direction part of the line of intersection. 

Marks awarded: 4/6.  
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Q7b(ii) Find, in degrees, the acute angle between the planes.  [5] 

Student’s response 

 

Examiner’s comments 

The candidate has identified the normals to the planes and has used the scalar product to find 
the angle between these lines.  They give the final answer as an acute angle, as required by 
the question. 

Marks awarded: 5/5. 
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 GCE:  AS Further Mathematics 
  

 

 

Grade:  A Exemplar

AS2:  Applied Mathematics 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

SECTION A Mechanics 1 
Answer all four questions in this section. 

Q1a A force 

𝐅𝐅 = (7𝐢𝐢 − 2𝐣𝐣 + 𝐤𝐤)N 

 moves a particle from a point A to a point B where 

  𝑂𝑂𝑂𝑂�����⃗  = (2𝐢𝐢 + 𝐣𝐣 + 3𝐤𝐤)m 

  𝑂𝑂𝑂𝑂�����⃗  = (5𝐢𝐢 + 3𝐣𝐣 − 2𝐤𝐤)m 

 Find the work done by the force. [4] 

Student’s response 

 

Examiner’s comments 

The candidate has found the correct displacement.  However, they have not used work done 
as the scalar product of force and displacement and no further marks can be awarded.  

Marks awarded: 1/4. 
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Q1b A particle P is moving along a horizontal line which passes through a fixed point O. 
 The distance from O to P is x metres, where x > 0  

A variable force F newtons acts on P where 

𝐹𝐹 = 8𝑥𝑥 −  
18
𝑥𝑥3

 

Q1b(i) Find the work done by F, in terms of d, when the particle P moves from 
x = 1.5 to x = d, where d > 1.5      [4] 

 

Student’s response 

 

Examiner’s comments 

The candidate knows to integrate and uses the correct integrand and limits.  Each term is 
integrated correctly, and the limits substituted to find the correct expression for the work 
done.  

Marks awarded: 4/4. 
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 The particle P has mass 3 kg. 
It is at rest when x = 1.5 and has velocity 4 m s–1 when x = d 

Q1b(ii) Find the value of d.  [4] 

Student’s response 

 

Examiner’s comments 

The candidate has found the change in kinetic energy and equated this to the work done.  
They have then solved the resulting equation to obtain the correct value of 𝑑𝑑.  

Marks awarded: 4/4. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2 A child’s toy takes the form of a smooth hemispherical bowl fixed to a horizontal 
surface at point B as shown in Fig. 1 below. 

 A small plastic mouse M moves in a horizontal circle inside the bowl. 

 
 
 The centre of the bowl is O. 
 The angle between OM and the vertical OB is α° 
 The mouse moves in a horizontal circle with centre A and radius r m. 

 Model the mouse as a particle of mass m kg, travelling at a constant speed vms¯¹ 

Q2(i) Explain why the normal reaction must act through O.  [1] 

Student’s response 

So the bowl stays balanced and doesn’t tip. 

Examiner’s comments 

The candidate has made no reference to the normal reaction acting along the radius and thus 
through the centre of the circle.  

Marks awarded: 0/1. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2(ii) Draw a diagram to show all the forces acting on M.  [2] 

Student’s response 

 

Examiner’s comments 

The diagram shows the correct forces and directions.  Marks awarded: 2/2. 

Q2(iii) Show that 

v2 = gr tan α      [7] 
 
Student’s response 

 

Examiner’s comments 

The candidate has resolved vertically and horizontally.  They have used the correct 
expression for the acceleration towards the centre of the circle.  The R term is eliminated 
from the equations and the expression for v² is found.  Marks awarded: 7/7. 
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The radius of the bowl is 40 cm and AB is 8 cm. 

Q2(iv) Find the speed with which the mouse moves.  [2] 

Student’s response 

 

Examiner’s comments 

Although the candidate has made some attempt to use the values given, they are unable to 
find either the radius or angle of inclination and hence no further progress can be made. 

Marks awarded: 0/2. 
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Q3 A pump lifts still water through a pipe to a vertical height of 25 metres where it is 
moving at 5 m s–1 

 The pipe has a circular cross section with diameter 0.28 m. 
 The density of water is 1000 kg m–3 
 Find the effective power of the pump.  [9] 

Student’s response 

 

Examiner’s comments 

The candidate has found the correct cross-sectional area and then the volume and mass of 
water for one second.  This was used to find the PE and KE gained.  They then find the 
overall work done and relate this to power to obtain the correct answer.  

Marks awarded: 9/9. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4 A large catapult is formed by joining two identical light elastic strings to fixed points 
A and B which are 1 m apart on the same horizontal level as shown in Fig. 2 
below. 

 

 

 

 

 

 

 

 

Each string has a natural length of 0.6 m and modulus of elasticity 400 N. 
Both free ends are attached to a pan of mass 1 kg. 
A ball of mass 9 kg is placed freely in the pan. 
The pan is pulled vertically downwards to the point C at ground level where 
AC = BC = 1.3 m.  
Consider the pan and ball as particles.  
Take ground level to be the baseline for gravitational potential energy. 

Q4(i) Find the energy of the system when the pan and ball are being held at C before 
their release. [4] 

Student’s response 
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Examiner’s comments 

The correct elastic potential energy has been found, but only for one of the strings and hence 
not for the complete system as required by the question.  Marks awarded: 2/4. 

The pan is then released from rest. 
The ensuing motion of the pan and the ball takes place along the line MC, the perpendicular  
bisector of AB. 

Q4(ii) Using the Principle of Conservation of Mechanical Energy, find the velocity of the 
pan and ball at the instant when the strings go slack. [9] 

Student’s response 

 

 

Examiner’s comments 

The candidate is unable to find the height of the pan and ball when the strings go slack.  
However, they have the correct expression for KE; they know that EPE = 0 and they make a 
correct attempt at finding GPE.  They know to use conservation of energy and have set up a 
correct equation based on the follow through of their terms from (i) and earlier in (ii).  
However, the final answer is obviously incorrect.  

Marks awarded: 5/9. 
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Q4(iii) Find the greatest height of the ball above ground level in the subsequent 
motion. [4] 

Student’s response 

 

Examiner’s comments 

The critical part of this question was to realise that the ball would move freely under gravity 
once the strings were slack.  This solution has not taken account of that fact and therefore no 
marks can be awarded.  

Marks awarded: 0/4. 
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SECTION B Mechanics 2 
Answer all five questions in this section. 

Q1 Fig. 1 below shows two light strings AP and BP.  

 These are used to keep a particle of mass 2 kg in equilibrium at P.  
 The ends A and B are attached to fixed points. 
 

 
 
 The string AP is elastic with modulus of elasticity λ newtons and natural 

length 40 cm.  
 It is inclined at 30° to the vertical and has an extension of 10 cm. 
 The string BP is inextensible and is inclined at 60° to the vertical. 
 Find the value of λ. [8] 
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Student’s response 

 

Examiner’s comments 

The candidate resolves correctly, both horizontally and vertically.  They use Hooke’s law and 
substitute this value for the tension in AP into their equations.  The equations are then solved 
simultaneously to find the value of 𝜆𝜆.  

Marks awarded: 8/8. 
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Q2 The viscosity of a fluid η is related to the force F required to move it at speed s by the 
formula 

𝐹𝐹 =  
𝜂𝜂𝑂𝑂𝐴𝐴
𝑦𝑦

 

 where A is an area and y is a distance. 

Q2(i) Use the Method of Dimensions to find the dimensions of viscosity. [4] 

Student’s response 

 

Examiner’s comments 

The candidate knows how to use the method of dimensions and has found the correct 
dimensions of the necessary quantities.  However, at the final stage calculation errors are 
made and the final answer is incorrect.  

Marks awarded: 3/4. 
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Q2(ii) Poiseuille’s law of viscous fluid motion assumes that the change of fluid volume per 
unit time, Q, along a pipe depends on: 

 R the radius of the pipe,  
 L the length of the pipe,  
 P the pressure difference, where pressure is the force per unit area, and  
 η the viscosity of the fluid. 

 Assuming a product relationship of the form 

Q = kRᵃ Lᵇ Pᶜ ƞ ͩ 
 where k is a dimensionless constant, use the Method of Dimensions to find the 

values of c and d and the relationship between a and b. [7] 

Student’s response 

 

Examiner’s comments 

The correct dimensions of P, Q and R are found and substituted into the equation.  The 
powers of L, T and M are then equated.  However, the incorrect answer from (i) has resulted 
in incorrect answers for the values of 𝑐𝑐 and 𝑑𝑑, and also the relationship between 𝑎𝑎 and 𝑏𝑏.  

Marks awarded: 5/7.  
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Q3 Kepler’s third law of planetary motion can be stated in the form 

T² = kR³ 

 where T is the period of a planet’s orbit about its sun,  
  R is the distance between the centres of the planet and the sun and 
  k is a constant of proportionality. 
 Assume the orbit is circular. 
 Take:  Mp as the mass of the planet, 
  Ms as the mass of the sun, and 
  G as the Universal Gravitational Constant. 
 By considering the motion of the planet around the sun, derive Kepler’s third law, 

stating k in terms of Ms and G. [8] 

Student’s response 

 

Examiner’s comments 

The universal law of gravitation is used correctly.  The radial acceleration and Newton’s 2nd 
law are then used to produce an expression for v.  This is substituted into the formula for the 
period of the motion and simplified correctly to obtain the required formula.  
Marks awarded: 8/8.  
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Q4 Take i to be a unit vector in the direction East and j to be a unit vector in the direction 
North. 

 A private yacht A is travelling with constant velocity (18i – 5j) km h–1  
 A coastguard boat B is travelling with constant velocity (12i + 16j) km h–1  
 At 1600 hours B is 12 km due South of A. 

Q4(i) Find the shortest distance between A and B in the subsequent motion. [7] 

Student’s response 

 

Examiner’s comments 

The candidate has found the correct relative velocity.  A displacement diagram is drawn with 
an appropriate perpendicular line included to represent the shortest distance.  The angle 
between the relative velocity and AB is calculated and then used to find the shortest distance. 
Marks awarded: 7/7.  
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Q4(ii) Find the time, to the nearest minute, when B is at its shortest distance 
from A. [4] 

Student’s response 

 

Examiner’s comments 

The relative distance and relative speed are found and used to find the time taken for the 
shortest distance to be reached.  This is then adjusted to find the actual time at which this 
takes place.  

Marks awarded: 4/4. 
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Q5 Designers of a snow park plan a ski jump and landing as shown in Fig. 2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The section of the jump between points A and C is an arc of a vertical circle, radius r, 
centred at the point O on the same horizontal level as D. 
B is the highest point of this circle. 
Model the skier as a particle of mass m kg and assume the snow is a smooth surface. 
A skier on the jump reaches point D with speed u m s–1 
Take the gravitational potential energy baseline to be the horizontal line through 
O and D. 

Q5(i) Find an expression for the velocity, v m s–1, of the skier at a point P on the arc BC, 
in terms of u, r and θ, where angle POB is θ°  [5] 

Student’s response 

 

 

 

 

 

 

Examiner’s comments 

The candidate has used the conservation of energy principle and substituted the correct initial 
and final energies. This equation has been re-arranged to find the correct expression for the 
final velocity.  Marks awarded: 5/5.  
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5(ii) Show that the normal reaction N, between the skier and the slope at the point P, is 
given by   

N = 3mg cos θ − 
mu²

r  
                                       [5]     

 
Student’s response 

 

Examiner’s comments 

The candidate has resolved along the radius OP, using Newton’s 2nd law and the correct 
radial acceleration.  The velocity, found in (i), is substituted to find the required expression 
for the normal reaction.  
Marks awarded: 5/5. 
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Q5(iii) If u = 21 ms–1 and r = 10√3 m, find the value of θ when the skier starts to leave 
the surface of the snow. [2] 

Student’s response 

 

Examiner’s comments 

The candidate has set the normal reaction to zero and substituted the given initial speed and 
radius to find the angle required by the question.  

Marks awarded: 2/2. 
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SECTION C Statistics 
Answer all five questions in this section. 

Q1 The speed of a car, v miles per hour, at time t seconds after it starts to accelerate is 
shown in Table 1 below. 

Table 1 

Time, t 20 30 40 50 60 70 80 90 

Speed, v 40 51 63 73 82 89 95 102 

 

Q1(i) Explain briefly what is meant by the terms explanatory and response in relation to 
these variables of speed and time. [2] 

Student’s response 

Time is the explanatory variable as it is set independently of the others. Speed is the response 
variable as it is dependent on time. 

Examiner’s comments 

The candidate has correctly described each of these terms and matched them to the 
appropriate variables.  Marks awarded: 2/2. 

Q1(ii) Calculate the equation of the regression line of speed v on time t. [6] 

Student’s response 

 

Examiner’s comments 

The correct value of 𝑏𝑏 is found and used to find 𝑎𝑎.  However, the summary statistics have not 
been stated and therefore full marks were not awarded.  Marks awarded: 4/6.  
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Q1(iii) Estimate the value of v when t = 65  [2] 

Student’s response 

 

Examiner’s comments 

The candidate substituted t = 65 into their formula to get the correct speed.  

Marks awarded: 2/2. 

Q1(iv) Explain why it would not be appropriate to estimate the speed for the car at a time 
of 120 seconds. [1] 

Student’s response 

It is outside the range of data given so the regression line would have to be extrapolated 
making it less accurate. 

Examiner’s comments 

The candidate has correctly stated that the value is outside the given range of data.  The mark 
would not have been awarded if only the word “extrapolation” was used – there must be 
evidence that the candidate has an understanding of the term.  

Marks awarded: 1/1. 
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Q2 The continuous random variable X has a probability density function f(x) given by 

 

Q2(i) Show that the value of k is  3
16      [4] 

Student’s response  

 

 

Examiner’s comments  

The candidate knows to integrate and set their answer equal to 1.  They have used the correct 
integrand and limits and each term has been accurately integrated.  The ensuing equation is 
then solved to find the value of 𝑘𝑘.  

Marks awarded: 4/4. 
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Q2(ii) Find the variance of X.  [5] 

Student’s response  

 

Examiner’s comments  

The expectation of X and of X 2  have been found by integration.  The formula for variance is 
used to obtain the correct final answer.  

Marks awarded: 5/5. 
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Q2(iii) Find the modal value of X. [4] 

Student’s response  

 

Examiner’s comments  

The candidate has mistakenly set f (x) = 0 instead of f´(x) = 0.  Hence, no marks could be 
awarded.  

Marks awarded: 0/4. 
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Q3 Accidents occur on a particular road junction at an average rate of 1.75 per week 
during the months of December, January and February. 

Q3(i) Find the probability that exactly three accidents occur during a particular week in 
January. [2] 

Student’s response  

 

Examiner’s comments  

The candidate has identified the correct Poisson distribution and substituted in the relevant 
value to get the required probability.  Marks awarded: 2/2. 

Q3(ii) Find the probability that exactly three accidents will occur in each of two 
successive weeks in January. [2] 

Student’s response  

 

Examiner’s comments  

The candidate knows to square the answer from (i), but then mistakenly multiplies this by 3, 
thus losing the final mark.  Marks awarded: 1/2. 

  



 

57 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

The council have decided that if there are at least four accidents during the first two weeks of 
December, they will introduce new traffic lights. 

Q3(iii) Find the probability that they will have to introduce the new traffic lights after 
these particular two weeks. [5] 

Student’s response  

 

Examiner’s comments  

The parameter is correctly adjusted; the “at least” is represented by using “1 minus” the 
appropriate terms and each of the calculations are clearly shown, thus producing a correct 
final answer.  

Marks awarded: 5/5. 
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Q4 A Human Resources Department within a large manufacturing company wishes to 
assess how satisfied the employees are with their working conditions. 
It is decided to question a sample of employees in order to obtain their opinions. 

Q4(i) Describe a suitable sampling technique that they could use. [3] 

Student’s response  

Stratified sampling:- the strata would be different job roles and participants can be randomly 
selected from each strata to take part as everyone will be registered on a database. This 
allows everyone to be represented and is relatively straightforward and cost effective. 

Examiner’s comments  

The candidate has identified stratified sampling and stated that random sampling within the 
strata will then take place.  They have put this into context by suggesting that the strata could 
relate to job roles.  However, they have not mentioned that appropriate proportions need to be 
selected from each of the strata and thus have lost the final mark.  

Marks awarded: 2/3. 

Q4(ii) State an advantage and a disadvantage of the sampling technique you have 
chosen. [2] 

Student’s response  

An advantage is that it is relatively straightforward and cost effective and gets opinions from 
all job roles. A disadvantage is it may not be proportional to how many people of that job 
role are in the company and it would be time consuming to make it proportional.  

Examiner’s comments  

The candidate has stated a correct advantage of this method, but their disadvantage is 
incorrect since the method of stratified sampling necessarily ensures the same proportions are 
used.  

Marks awarded: 1/2. 
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Q5 There are ten members in the local swimming club, four males and six females. 
 Four members are to be chosen at random to represent the club at a charity swim 

event. 

Q5(i) How many different selections are possible? [2] 

Student’s response  

 

Examiner’s comments  

The correct combination is stated and calculated.  Marks awarded: 2/2. 

Q5(ii) How many of these selections will include both the fastest male swimmer and the 
fastest female swimmer?  [2] 

Student’s response  

 

Examiner’s comments  

Another perfect answer.  Marks awarded: 2/2. 
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Q5(iii) Write down the probability that the fastest male and the fastest female swimmers 
will be chosen. [2] 

Student’s response  

 

Examiner’s comments  

The candidate knows how to use their previous two answers to find the required probability. 

Marks awarded: 2/2. 

Before the participants are selected, it is decided that two male swimmers and two female  
swimmers are to be chosen for the event. 
Two male members and two female members are selected at random. 

Q5(iv) How many different selections are possible? [3] 

Student’s response  

 

Examiner’s comments  

The candidate has found each of the two combinations and combined them to find the correct 
number of selections.  

Marks awarded: 3/3. 
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Q5(v) Find the probability that both the fastest male swimmer and the fastest female 
swimmer are now chosen. [3] 

Student’s response  

 

Examiner’s comments  

Again, the candidate has found each of the two combinations and used them to find the 
correct probability.  

Marks awarded: 3/3. 

  



 

62 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

SECTION D Discrete and Decision Mathematics 
Answer all five questions in this section. 

Q1a(i) Explain what is meant by a Hamiltonian cycle in a graph. [2] 

 

 

 

 

 

 

 

 

The candidate did not select this question  

 
Q1a(ii) Write down a Hamiltonian cycle for the graph in Fig. 1 above. [2] 

The candidate did not select this question 

  



 

63 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1b(i) Explain what is meant by an Eulerian circuit in a graph. [2] 

 

 

 

 

 

 

 

 

 

 

The candidate did not select this question  

Q1b(ii) Write down an Eulerian circuit for the graph in Fig. 2 above. [2] 

The candidate did not select this question 
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Q2 The Pell sequence is defined by the recurrence relationship 

 

 

 with the starting values 𝑃𝑃0 = 0    𝑎𝑎𝑎𝑎𝑑𝑑    𝑃𝑃1 = 1 

Q2(i) Show that the auxiliary equation is [2] 

𝑥𝑥2 −  2𝑥𝑥 − 1 = 0 

The candidate did not select this question  

Q2(ii) Hence, show that 

 

 where 𝑎𝑎 = 1 +  √2      and      𝛽𝛽 = 1 −  √2      [7] 

The candidate did not select this question  

 

Q3 Let p, q and r be propositional statements. 

 Use truth tables to prove: [8] 

𝑝𝑝 and (𝑟𝑟 or ~ 𝑞𝑞) = (𝑝𝑝 and 𝑟𝑟)𝑜𝑜𝑟𝑟 (𝑝𝑝 and ~ 𝑞𝑞) 

The candidate did not select this question  
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Q4a Fig. 3 below shows the complete graph on 6 vertices, K6 

 

 

 

 

 

 

 

 

 

 

 

 How many edges must be removed to leave a spanning tree? [3] 

The candidate did not select this question  
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Q4b Fig. 4 below shows distances in kilometres between six towns A, B, C, D, E and F. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q4b(i) Using Prim’s algorithm, starting from A, find a minimum spanning tree for this 

graph. 
 Carefully list the edges in the order that they are selected. [5] 

The candidate did not select this question  

 

Q4b(ii) What is the total distance of this minimum spanning tree? [1] 

The candidate did not select this question  
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Q5 An incomplete Cayley table for the order 8 group (Q, ⊗) is given in Fig. 5 below. 

 
 

 

 

 

 

 

 

 

 
Q5(i) Using C⊗E = G and operating on the left by B, prove that D⊗E = H [2] 

The candidate did not select this question  

 

Q5(ii) Copy and complete the Cayley table using the Latin Square property. [3] 

The candidate did not select this question  

 

Q5(iii) Find the period of each element of (Q, ⊗) [4] 

The candidate did not select this question  
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The cyclic group (R, ) of order 8 has generator g and identity e. 
 
The elements of (R, ) and their periods are given in Fig. 6 below. 
 

Element e g g2 g3 g4 g5 g6 g7 

Period 1 8 4 8 2 8 4 8 

 
Fig. 6 

Q5(iv) Are the groups (R, ) and (Q, ⊗) isomorphic? Justify your answer. [2] 

The candidate did not select this question  

Q5(v) List a subgroup of order 4 of (R, ) and a subgroup of order 4 of (Q, ⊗) which are 
isomorphic, showing them to be isomorphic by writing down a valid mapping from 
Q to R. [5] 

The candidate did not select this question  
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