
Vectors (FP1) 
Questions 
 
Q1. 
  

With respect to a fixed origin O, the points A, B and C have coordinates (3, 4, 5), (10, –1, 5)  
and (4, 7, –9) respectively. 

The plane II has equation 4x – 8y + z = 2 

The line segment AB meets the plane II at the point P and the line segment BC meets the  
plane II at the point Q. 

(a)  Show that, to 3 significant figures, the area of quadrilateral APQC is 38.5 

(6) 

The point D has coordinates (k, 4, –1), where k is a constant. 

Given that the vectors  form three edges of a parallelepiped of volume 226 

(b)  find the possible values of the constant k. 

(4) 

  

(Total for question = 10 marks) 

  

 
Q2. 
  

 

Figure 1 

Figure 1 shows a sketch of a solid sculpture made of glass and concrete. The sculpture is 
modelled as a parallelepiped. 

The sculpture is made up of a concrete solid in the shape of a tetrahedron, shown shaded in 
Figure 1, whose vertices are O(0, 0, 0), A(2, 0, 0), B(0, 3, 1) and C(1, 1, 2),where the units 
are in metres. The rest of the solid parallelepiped is made of glass which is glued to the 
concrete tetrahedron. 
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(a)   Find the surface area of the glued face of the tetrahedron. 

(4) 

(b)   Find the volume of glass contained in this parallelepiped. 

(5) 

(c)   Give a reason why the volume of concrete predicted by this model may not be an 
accurate value for the volume of concrete that was used to make the sculpture. 

(1) 

  

(Total for question = 10 marks) 

  

 
 
 
 
Q3. 
  

 

Figure 1 shows a sketch of a solid doorstop made of wood. The doorstop is modelled as a 
tetrahedron. 

Relative to a fixed origin O, the vertices of the tetrahedron are A (2, 1, 4),  
B (6, 1, 2), C (4, 10, 3) and D (5, 8, d), where d is a positive constant and the units  
are in centimetres. 

(a)  Find the area of the triangle ABC. 

(4) 

Given that the volume of the doorstop is 21 cm3 

(b)  find the value of the constant d. 

(4) 

  

(Total for question = 8 marks) 
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Q4. 
  

 

Figure 3 shows a solid display stand with parallel triangular faces ABC and DEF.  
Triangle DEF is similar to triangle ABC. 

With respect to a fixed origin O,  
the points A, B and C have coordinates (3, –3, 1), (–5, 3, 3) and (1, 7, 5) respectively and  
the points D, E and F have coordinates (2, –1, 8), (–2, 2, 9) and (1, 4, 10) respectively.  
The units are in centimetres. 

(a)  Show that the area of the triangular face DEF is  

(3) 

(b)  Find, in cm3, the exact volume of the display stand. 

(7) 

  

(Total for question = 10 marks) 

  

 
 
Q5. 
  

The plane Π1 has equation x − 2y − 3z = 5 and the plane Π2 has equation 6x + y − 4z = 7 

(a)   Find, to the nearest degree, the acute angle between Π1 and Π2 

(3) 

The point P has coordinates (2, 3, −1). The line l is perpendicular to Π1 and passes through 
the point P. The line l intersects Π2 at the point Q. 

(b)   Find the coordinates of Q. 

(4) 

The plane Π3 passes through the point Q and is perpendicular to Π1 and Π2 

(c)   Find an equation of the plane Π3 in the form r.n = p 

(4) 

  

(Total for question = 11 marks) 
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Q6. 
  

The surface of a horizontal tennis court is modelled as part of a horizontal plane, with the 
origin on the ground at the centre of the court, and 

 

• i and j are unit vectors directed across the width and length of the court respectively 

• k is a unit vector directed vertically upwards 

•  units are metres  

After being hit, a tennis ball, modelled as a particle, moves along the path with equation 

r = (−4.1 + 9λ − 2.3λ2)i + (−10.25 + 15λ)j + (0.84 + 0.8λ − λ2)k 

where λ is a scalar parameter with λ ≥ 0 

Assuming that the tennis ball continues on this path until it hits the ground, 

(a)  find the value of λ at the point where the ball hits the ground. 

(2) 

The direction in which the tennis ball is moving at a general point on its path is given by 

(9 − 4.6λ)i + 15j + (0.8 − 2λ)k 

(b)  Write down the direction in which the tennis ball is moving as it hits the ground. 

(1) 

(c)  Hence find the acute angle at which the tennis ball hits the ground, giving your answer in 
degrees to one decimal place. 

(4) 

The net of the tennis court lies in the plane r. j = 0 

(d)  Find the position of the tennis ball at the point where it is in the same plane as the net. 

(3) 

The maximum height above the court of the top of the net is 0.9 m. 

Modelling the top of the net as a horizontal straight line, 

(e)  state whether the tennis ball will pass over the net according to the model, giving a 
reason for your answer. 

(1) 

With reference to the model, 

(f)  decide whether the tennis ball will actually pass over the net, giving a reason for your 
answer. 

(2) 

  

(Total for question = 13 marks) 
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Q7. 

 

A small aircraft is landing in a field. 

In a model for the landing the aircraft travels in different straight lines before and after it 
lands, as shown in Figure 2. 

The vector vA is in the direction of travel of the aircraft as it approaches the field. 

The vector vL is in the direction of travel of the aircraft after it lands. 

With respect to a fixed origin, the field is modelled as the plane with equation 

x – 2y + 25z = 0 

and 

 

(a)  Write down a vector n that is a normal vector to the field. 

(1) 

(b)  Show that , where λ is a constant to be determined. 

(2) 

When the aircraft lands it remains in contact with the field and travels in the direction vL 

The vector vL is in the same plane as both vA and n as shown in Figure 2. 

(c)  Determine a vector which has the same direction as vL 

(3) 

(d)  State a limitation of the model. 

(1) 

  

(Total for question = 7 marks) 

 Ch.1 Vectors



Q8. 
  

With respect to a fixed origin O, the points A, B and C have position vectors given by 

 

The points O, A, B and C form the vertices of a tetrahedron. 

(a)  Show that the area of the triangular face ABC of the tetrahedron is 108 to 3 significant 
figures. 

(3) 

(b)  Find the volume of the tetrahedron. 

(4) 

An oak wood block is made in the shape of the tetrahedron, with centimetres taken for the 
units. 

The density of oak is 0.85 g cm–3 

(c)  Determine the mass of the block, giving your answer in kg. 

(2) 

  

(Total for question = 9 marks) 
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Q9. 

  

 

The points A(3, 2, −4), B(9, −4, 2), C(−6, −10, 8) and D(−4, −5, 10) are the vertices of a 
tetrahedron. 

The plane with equation z = 0 cuts the tetrahedron into two pieces, one on each side of the 
plane. 

The edges AB, AC and AD of the tetrahedron intersect the plane at the points M, N and P 
respectively, as shown in Figure 1. 

Determine 

(a)  the coordinates of the points M, N and P, 

(3) 

(b)  the area of triangle MNP, 

(2) 

(c)  the exact volume of the solid BCDPNM. 

(6) 

  

(Total for question = 11 marks) 
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Q10. 
  

Two birds are flying towards their nest, which is in a tree. 

Relative to a fixed origin, the flight path of each bird is modelled by a straight line. 

In the model, the equation for the flight path of the first bird is 

 

and the equation for the flight path of the second bird is 

 

where λ and μ are scalar parameters and a is a constant. 

In the model, the angle between the birds' flight paths is 120° 

(a)  Determine the value of a. 

(4) 

(b)  Verify that, according to the model, there is a common point on the flight paths of the two 
birds and find the coordinates of this common point. 

(5) 

The position of the nest is modelled as being at this common point. 

The tree containing the nest is in a park. 

The ground level of the park is modelled by the plane with equation 

2x – 3y + z = 2 

(c)  Hence determine the shortest distance from the nest to the ground level of the park. 

(3) 

(d)  By considering the model, comment on whether your answer to part (c)  is reliable, 
giving a reason for your answer. 

(1) 

  

(Total for question = 13 marks) 
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Q11. 
  

With respect to a fixed origin O, the line l has equation 

(r – (12i + 16j – 8k)) × (9i + 6j + 2k) = 0 

The point A lies on l such that the direction cosines of  with respect to the i, j and k axes 

are , β and γ. 

Determine the coordinates of the point A. 

(7) 

  

(Total for question = 7 marks) 
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