
Questions 
 
Q1. 

The matrix M is given by 

 

(a)  (i)  Show that 5 is an eigenvalue of M. 

(ii)  Find the other two eigenvalues of M. 
(5) 

(b)  Find an eigenvector corresponding to the eigenvalue 5 

(3) 

The transformation represented by the matrix M maps the straight line l1 onto the straight line l2 

The equation of l1 is (r – a) × b = 0 where a = 2i + j – 3k and b = i + 2j – k 

(c)  Find an equation for the line l2, giving your answer in the form (r – c) × d = 0 where c and d are 
constant vectors. 

(5) 
(Total for question = 13 marks) 

Q2. 
  

The plane  has equation x + y + z = 3 and the plane  has equation 2x + 3y – z = 4 

The planes  and  intersect in the line L. 

(a)  Find a cartesian equation for the line L. 

(6) 

The plane  has equation 

 

The line L meets the plane  at the point A. 

(b)  Find the coordinates of A. 

(3) 

(c)  Find the acute angle between  and the line L, where O is the origin. 

Give your answer in degrees to one decimal place. 
(3) 

  

(Total for question = 12 marks) 

  



Q3. 
  

The plane Π1 has equation 

x – 5y + 3z = 11 

The plane Π2 has equation 

3x – 2y + 2z = 7 

The planes Π1 and Π2 intersect in the line l. 

(a)  Find a vector equation for l, giving your answer in the form r = a + λb where a and b are constant 
vectors and λ is a scalar parameter. 

(5) 

The point P(2, 0, 3) lies on Π1 

The line m, which passes through P, is parallel to l. 

The point Q(3, 2, 1) lies on Π2 

The line n, which passes through Q, is also parallel to l. 

(b)  Find, in exact simplified form, the shortest distance between m and n. 

(5) 

  

(Total for question = 10 marks) 
Q4. 

The plane Π has equation 

 

where λ and μ are scalar parameters. 

(a)  Find a vector perpendicular to Π 

(2) 

The line l passes through the point A with coordinates (2, –4, 0) and meets Π at the point with coordinates 
(3, 2, –1). 

The acute angle between the plane Π and the line l is α. 

(b)  Find α, giving your answer to the nearest degree. 

(4) 

(c)  Find the perpendicular distance from A to Π 

(4) 

  

(Total for question = 10 marks) 

  



Q5. 
  

The plane  contains the point (3, 3, −2) and the line  

(a)  Show that a cartesian equation of the plane  is 

3x − 10y − 4z = −13 

(5) 

The plane  is parallel to the plane  

The point (α, 1, 1), where α is a constant, lies in  

Given that the shortest distance between the planes  and  is  

(b)  find the possible values of α. 

(6) 

  

(Total for question = 11 marks) 

  

 
 
Q6. 
  

The coordinates of the points A, B and C relative to a fixed origin O are (1, 2, 3), (–1, 3, 4) and (2, 1, 6) 
respectively. The plane Π contains the points A, B and C. 

(a)  Find a cartesian equation of the plane Π. 

(5) 

The point D has coordinates (k, 4, 14) where k is a positive constant. 

Given that the volume of the tetrahedron ABCD is 6 cubic units, 

(b)  find the value of k. 

(4) 

  

(Total for question = 9 marks) 

  

 
 
 
 
 
 
 
 
 
 



Q7. 
  

With respect to a fixed origin O, the points A(−1, 5, 1), B(1, 0, 3), C(2, −1, 2) and D(3, 6, −1) are the 
vertices of a tetrahedron. 

(a)  Find the volume of the tetrahedron ABCD. 

(4) 

The plane Π contains the points A, B and C. 

(b)  Find a cartesian equation of Π. 

(4) 

The point T lies on the plane Π. 

The line DT is perpendicular to Π. 

(c)  Find the exact coordinates of the point T. 

(4) 

  

(Total for question = 12 marks) 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Examiner's Report 
 
Q1. 
  
This matrix question was a good source of marks, particularly in parts (a) and (b). The methods for finding 
eigenvalues and an eigenvector were well known and few slips were seen. The most common source of 
errors was in the handling of the equations in part (b). 
There were many correct solutions to part (c) but again despite this transformation being a task that has 
been seen many times in exams for this module, some were unsure about the method. A common pitfall 
was to calculate the cross product of a and b and to apply M to the resulting vector. Some others 
succumbed to confusion over the points and directions of the lines. 
  
 
 
Q2. 
  

Many students scored all 6 marks in part (a). Those who used Way 2 were almost always correct. It was 
noticeable that many students obtained a correct equation in vector form but could not convert this to 
Cartesian form. 

Part (b) was very well understood and answered. Almost every student scored at least the method marks 
here. 

Part (c) was also generally very well understood and answered. A small minority of students appeared to 
know that the scalar product was required but used sine in place of cosine and some students used the 
normal to the plane rather than the direction of their line and so were looking for the wrong angle. 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q3. 
  

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q4. 
  

Although many fully correct solutions were seen, this vector question discriminated as expected. The 
tasks involved were fairly standard ones but many candidates were clearly ill-prepared for them. 

It was common to see a correct normal in part (a). However, many did not appreciate the need to find the 
direction of line l in part (b). A correct value for the scalar product divided by the product of the 
magnitudes was often achieved but it was common to see confusion about what trigonometric function 
and of what angle (α or 90 – α) this should be equated to. Occasionally an otherwise correct final answer 
was not given to the nearest degree. A vector product approach was rarely seen. A very small number 
used their answer to part (c) followed by right-angled trigonometry. 

A wide range of methods were viable and all were seen to some extent in part (c). The parallel plane 
method was the most common, often in combination with use of the distance formula. 

The arguably easier routes of calculating  sin α or using  were not quite as common. Many 
confused responses were seen from candidates unsure of an appropriate strategy. 

  

 
 
Q5. 
  

There were quite a lot of students who did not attempt this question and there were few fully correct 
solutions. There were many successful attempts at part (a) but some did not find a second vector in the 
plane in order to find the vector product. Students frequently extracted 2i − j + 4k from the line but used 3i 
+ 3j − 2k as the second vector. A small number of students attempted a verification approach, showing 
that both the point and the line satisfied the Cartesian equation of the plane. 

Students who attempted part (b) seemed to know the method but there were errors finding the distance 
between the two planes. Some found the distance from each plane to the origin and subtracted to obtain 
one correct solution. However many then said that the two planes were on opposite sides of the origin 
and added the two distances obtaining a second, incorrect solution. Many initially used the modulus and 

got to  but then abandoned the modulus signs and only obtained one solution and 
others never used the modulus, only considering the positive distance. It was relatively rare to see a 
solution that correctly obtained both values of α. 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q6. 
  

In (a) students were unfamiliar with the method for finding an equation of a plane. The most popular 
approach was to find the normal vector to the plane using a vector product. A number of solutions 
proceeded using coordinates of two points rather than two vectors in the plane. The method for finding 
the constant in the plane equation was generally well known. There were many completely correct 

solutions but an answer of  was seen on a number of occasions. A few solutions used their 
normal vector to write down the equation of a line and some students misunderstood the meaning of 
"Cartesian" and proceeded to write down an answer in the form r = a + λb 4 μc 

For (b) many attempts to find the volume of the tetrahedron were made using a vector OD rather than AD 
(or equivalent). Use of a triple scalar product was well recognised. A few students did not recognise they 

already had a normal vector and repeated their working. The need for a factor of  was occasionally 

forgotten. Errors in finding a value of k included  × (4k + 21) = 6 implies 4k + 21 = 6 ×  and a lack of 
recognition that the question said that k had to be positive. 

  

 
 
Q7. 
  

This was an accessible question with many students scoring full marks for parts (a) and (b), but part (c) 
was less successfully attempted. 

For part (a) the most common error was to fail to use 3 edges with a common point. A few students used 
a vertex rather than an edge, often using two edges in their cross product but then the position vector of a 
vertex for the scalar product. There were occasional errors involving the 1/6, with either the 1/6 being 
omitted altogether or 1/3 being used instead. 

The required method was well-known in part (b). Errors in finding a normal vector often followed from 
errors in part (a). A small number of students gave their answer in the wrong form, possibly not reading 
the question carefully enough or possibly indicating a lack of understanding of the difference between the 
vector equation, Cartesian equation and parametric equations for the plane. 

In part (c) it was disappointing to see that many students attempted to use incorrect methods and scored 
no marks. Only a minority of students were able to produce a correct parametric expression for a point on 
DT to enable them to find the value of the parameter and hence the coordinates of the required point. 
Those who knew what they were doing generally scored full marks, with only occasional numerical slips 
along the way. 

  

 
 
 
 
 
 
 
 
 
 
 



 

Mark Scheme 
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Q3. 
  

 

 



 

 

  

 
 
 
 
 



Q4. 
  

 

Mark (b)  and (c)  together 



 



 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q5. 
  

 

 

  



 

Q6. 
  

 

 



 

 

  

 
 
 
 
 
 
 
 
 
 



Q7. 
  

 

 

 


