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Q1  

Question 

The equations of planes, 𝑃1, 𝑃2 are  

𝑃1:     𝑟 = (
−3
10
3

) + 𝜆(
−2
12
3

) + 𝛽 (
1
1
1
) , 𝛽, 𝜆 𝜖R            𝑃2     𝑟 ∙ (

−1
0
1

) = 1   

Find the coordinates of the foot of perpendicular from the point 𝐴(−3, 10, 3) to the plane 𝑃2 and show that the 

point 𝐵(2, 10,−2) is the reflection of point 𝐴 in 𝑃2. 

The planes 𝑃1and 𝑃2 meet in a line 𝐿. Find a vector equation in line 𝐿. 

Plane 𝑃3 is the reflection of 𝑃1 in 𝑃2. Using the results above, find a vector perpendicular to 𝑃3. hence, find, in scalar 

form, the equation of 𝑃3. 

Ans: 𝐹, (−
1

2
 , 10,

1

2
), 𝐿 = (

−1
−2
0

) + 𝑡 (
1
1
1
), (

14
−5
−9

), 𝑟. (
14
−5
−9

) = −4 

 

answer 

 

 

Q2  

Question 

Relative to an origin O, the points A and B have position vectors a and b respectively,  

where 𝐚 ∙ 𝐛 > 0.  A and B also lie on a circle with centre C and AB as diameter. 

(i) Write down the position vector of C in terms of a and b. 

(ii) Show that the origin O is outside the circle. 

T is a point on the circle with position vector t and OT is a tangent to the circle. 
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(iii) Show that 𝐭 ∙ (
𝐚+𝐛

2
) = |𝐭|2;  

(iv) By considering the triangle ATB, show that the length of OT is given by (𝐚 ∙ 𝐛)
1

2 

By considering the area of triangle OTC, show that |𝐭 × (𝐚 + 𝐛)| = (𝐚 ∙ 𝐛)
1

2 |𝐛 − 𝐚| 

Ans: (i) 𝑂𝐶̅̅ ̅̅ =
𝐚+𝐛

2
 

 

Answer 

 

 

Q3  

Question 

Planes 𝑃1, 𝑃2 and 𝑃3 have equations 

−2𝑥 + 𝑧 = 4 

2𝑥 + 𝑦 − 2𝑧 = 6 

−6𝑥 + 4𝑦 + 𝜆𝑧 = 𝜇 

Respectively, where 𝜆 and 𝜇 are constants. 

(i) Find a vector parallel to both 𝑃1and 𝑃2.  

Given that the point with coordinates (−5, 𝛼, 𝛽), lies on 𝑃1and 𝑃2, find 𝛼 and 𝛽. 

Hence find a vector equation of the line of intersection of 𝑃1 and 𝑃2. 

(ii) Given that 𝑃1, 𝑃2 and 𝑃3 form a triangular prism, what can be said about the values of 𝜆 and 𝜇? 

Ans: (i) (
1
2
2
), 𝛼 = 4, 𝛽 = −6 , 𝑟 = (

−5
4

−6
) + 𝛿 (

1
2
2
) (ii)𝜆 = −1 , 𝜇 ≠ 52 
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Answer 

 

 

Q4  

Question 

The planes 𝑃1and 𝑃2 have equations  𝑟. (
−1
−2
2

) = −1 and  𝑟. (
−7
4
4

) = 1 respectively. 

(i) Find the acute angle between 𝑃1and 𝑃2. 

(ii) The point 𝐴(2 , 𝛼 , 3) is equidistant from the planes 𝑃1 and 𝑃2. Calculate the two possible values of 𝛼 

(iii) Find the position vector of the foot of perpendicular from 𝐵(0, 1, 2) to the plane 𝑃1. Hence find the 

Cartesian equation of the plane 𝑃3 such that 𝑃3 is parallel to 𝑃1 and point B is equidistant from planes 

𝑃1and 𝑃3 

Ans: (i) 74.97° (ii) 𝛼 =
9

5
 𝑜𝑟 6 (iii) position vector 𝑂𝑀̅̅ ̅̅ ̅ =

1

3
(
1
5
4
), equation of plane 𝑥 − 2𝑦 + 2𝑧 = 5 

Answer 
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Q5  

Question 

The line 𝑙1 passes through the point (1, −1, 1) and is parallel to the vector 𝟐𝐢 − 𝟓𝐣 + 𝟑𝐤. 

The line 𝑙2 has equation 𝑥 − 1 =
2𝑦+4

4
= −

𝑧

2
 

Given that the plane Π1 contains 𝑙1 and is parallel to 𝑙2 

(i) Find the Cartesian equation of the plane Π1 

(ii) Find the shortest distance between Π1 and 𝑙2, leaving your answer in exact form. 

The plane Π2 has equation 𝐫. (𝟑𝐢 − 𝟐𝐤) = 𝟏 

(iii) Find the acute angle between the planes Π1 and Π2 

(iv) Determine the geometrical relationship between Π2 and 𝑙1, showing your working clearly. 

(v) Hence what can be said about the values of 𝑎 and 𝑏 such that there is no solution for the following 

system of linear equations? 

4𝑥 + 7𝑦 + 9𝑧 = 6  

3𝑥 − 2𝑧 = 1 

2𝑥 + 𝑦 − 𝑎𝑧 = 𝑏 

Ans: (i) equation of plane 4𝑥 + 7𝑦 + 9𝑧 = 6 (ii) 
16

√146
 (iii) 82.1° (iv) Π2 contains 𝑙1 (v) 𝑎 = −

1

3
, 𝑏 ≠

4

3
 

 

Answer 
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Q6  

Question 

Do not use a calculator in answering this question. 

Relative to the origin 𝑂, two points 𝐴 and 𝐵 have position vectors given by 𝐚 = 𝒑𝐢 + 𝐣 − 𝟑𝐤  

and 𝐛 = 𝐢 respectively. 

(i) The point C is on AB such that 𝐴𝐶: 𝐶𝐵 = 2: 1. Find the position vector of C in terms of p. Hence find the 

exact area of triangle OAC. 

(ii) The point D is on OC produced such that 𝑂𝐷 = 2𝐶𝐷. The point E is such that 𝐴𝐸⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗. Find the area of 

trapezium OAED. 

(iii) Given that the angle between 𝐚 and 𝐛 is 135ᴼ, find the value of p. 

Ans: (i) 𝑂𝐶⃗⃗⃗⃗  ⃗ =
1

3
(
𝑝 + 2

1
−3

), area = 
√10

3
  (ii) area = √10 (iii) 𝑝 = −√10 

 

 

Answer 
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Q7  

Question 

The line 𝑙 has equation  
𝑥−2

−1
=

𝑧−𝑎

1
,    𝑦 = −1, where 𝑎 is a real constant and the plane 𝑝1 has equation 3𝑥 + 𝑦 +

2𝑧 = 5. The point A has position vector  𝟐𝐢 + 𝟐𝐣 with respect to the origin O. 

(i) Find the acute angle between 𝑙 and 𝑝1. 

(ii) Find the perpendicular distance from the point 𝐴 and  𝑝1  

(iii) Given that  𝑙  is the line of intersection of the planes 𝑝2 and 𝑝3 with equations  

𝑥 − 4𝑦 + 𝑧 = 6 and 𝑥 − 𝑦 + 𝑏𝑧 = 𝑐, where 𝑏 and 𝑐 are real constants. Find 𝑏 and 𝑐. 

(iv) The point 𝐵 varies such that the midpoint of 𝐴𝐵 is always in 𝑝1. Find a cartesian equation for the locus of 

𝐵. 

Ans: (i) 10.9° (ii) 
3

√14
 (iii) 𝑏 = 1, 𝑐 = 3 (iv) 3𝑥 + 𝑦 + 2𝑧 = 2 

 

Answer 
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Q8  

Question 

Relative to the origin O, the position vectors of points A and B are a and b respectively, where a and b are non-zero 

and non-parallel vectors. The point P on OA is such that 𝑂𝑃: 𝑃𝐴 =  2: 3. The point Q is such that OPQB is a 

parallelogram. 

(i) Find 𝑂𝑄⃗⃗⃗⃗⃗⃗  in terms of a and b 

(ii) Show that the area of the triangle OAQ can be written as 𝑘|𝐚 × 𝐛|, where k is a constant to be found. 

(iii) State the ratio of the area of triangle OPB to area of triangle OAB. 

(iv) Given 𝐚 × 𝐛 is a unit vector, |𝐚| = 2 and the angle between a and b is 60°, find the exact value of |𝐛| 

Ans: (i) 𝑂𝑄⃗⃗⃗⃗⃗⃗ =
2

5
𝐚 + 𝐛 (ii) 𝑘 =

1

2
 (iii) 2: 5 (iv) |𝐛| =

1

√3
 

Answer 
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Q9  

Question 

 

 

In the diagram, O is centre of the rectangular base ABCD of a right pyramid with vertex V. Perpendicular unit vectors 

𝒊, 𝒋, 𝒌 are parallel to 𝐴𝐵, 𝐵𝐶, 𝑂𝑉 respectively. The length of 𝐴𝐵, 𝐵𝐶, 𝑂𝑉 are 12, 6, and 6 units respectively. The point 

𝑀 is the mid-point of 𝐶𝑉 and the point 𝑂 is taken as the origin for position vectors.  

(i) Show that the equation of the line AM may be expressed as 𝒓 = (
−6
−3
0

) + 𝑡 (
6
3
2
), where 𝑡 is a parameter. 

(ii) Find the perpendicular distance from B to the line AM. 

(iii) Find the acute angle between the line 𝐷𝑉 and the plane 𝐴𝑀𝐵. 

The plane Π has equation 𝒓. (
−1
4
𝑎

) = 4 

(iv) Given that the three planes 𝐴𝑀𝐵, 𝐴𝑀𝐷 and Π have no point in common, find the value of 𝑎. 

Ans: (ii) 6.18 (iii) 47.7° (iv) 𝑎 = −3 

 

Answer 
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Q10  

Question 

The plane 𝜋1 has equation, 𝒓. (
𝛼
𝛽
0
) = −30, where 𝛼 and 𝛽 are positive constants, and contains the point 𝐴 with 

coordinates (−10, 0, 5) 

(i) Given that the perpendicular distance from the origin 𝑂 to the plane 𝜋1 is 6, find 𝛼 and 𝛽 

Another plane 𝜋2 has equation 𝒓. (
−1
1
2

) = 4 

(ii) Find the acute angle between the line 𝑂𝐴 and the plane 𝜋2 

(iii) Find a Cartesian equation of the plane 𝜋3 which contains the line 𝑂𝐴 and is perpendicular to the plane 

𝜋2 

Ans: (i) 𝛼 = 3, 𝛽 = 4 (ii) 46.9° (iii) 𝑥 − 3𝑦 + 2𝑧 = 0 

 

Answer 
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Q11  

Question 

Referred to the origin 𝑂, the points A and B have position vectors a and b respectively. It is given that a and b are 

perpendicular to each other and have the same magnitude of 3 units each. Given that A, B and C are collinear. 

(i) Show that c can be expressed as 𝐜 = 𝑘𝐛 + (1 − 𝑘)𝐚, where k is a constant 

(ii) Find |𝐚 × 𝐜|, in terms of k, and state its geometrical meaning. 

(iii) It is given that the area of triangle OAC is three times the area of triangle OAB. Find the two possible 

values of k. 

Given also that the length of projection of OC onto OA is 12 units, find c in terms of a and b. 

Ans: (ii) |𝐚 × 𝐜| = 9𝑘, area of parallelogram with sides 𝑂𝐴 and 𝑂𝐶 (iii) 𝑘 = ±3, 𝐜 = −3𝐛 + 4𝐚 

 

Answer 
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Q12  

Question 

Referred to the origin 𝑂, the position vectors of the points 𝐴 and 𝐶 are a and c respectively, and OABC is a 

parallelogram. 

Express 𝑂𝐵⃗⃗ ⃗⃗  ⃗ and 𝐴𝐶⃗⃗⃗⃗  ⃗ in terms of a and c. 

Prove that |𝑂𝐵⃗⃗ ⃗⃗  ⃗|
2
+ |𝐴𝐶⃗⃗⃗⃗  ⃗|

2
= |𝑂𝐴⃗⃗⃗⃗  ⃗|

2
+ |𝐴𝐵⃗⃗⃗⃗  ⃗|

2
+ |𝐵𝐶⃗⃗⃗⃗  ⃗|

2
+ |𝐶𝑂⃗⃗⃗⃗  ⃗|

2
 

Using the result above, what can be said about a and c when |𝑂𝐵⃗⃗ ⃗⃗  ⃗| = |𝐴𝐶⃗⃗⃗⃗  ⃗|? 

  

Ans: a is perpendicular to c 

 

Answer 

 

Q13  

Question 

Referred to an origin O, the position vector of A is 2i – k and the equation of line 𝑙 is 𝑟 = −7𝐢 + 15𝐣 − 5𝐤 +

𝜆(3𝐢 − 7𝐣 + 4𝐤) . 

(i) Find the position vectors of 𝐵 and 𝐶, both lying on 𝑙, such that 𝐴𝐵 = 𝐴𝐶 = 10. 

(ii) Given that 𝑀 is the midpoint of 𝐵𝐶 and the plane 𝜋1 contains 𝑙 and is perpendicular to 𝐴𝑀, show that 

the equation of the plane 𝜋1 is −3𝑥 + 𝑦 + 4𝑧 = 16 . 

(iii) The planes 𝜋2 and 𝜋3 have equations 𝑥 + 2𝑦 − 3𝑧 = 5 and 𝑥 − 2𝑦 + 𝑧 = 1 respectively. Verify that 𝐴 

lies in both 𝜋2 and 𝜋3 . 

(iv) Determine the position vector of 𝐷, the point of intersection between 𝜋1, 𝜋2 and 𝜋3. 

(v) Hence, or otherwise, find the volume of the tetrahedron 𝐴𝐵𝐶𝐷. [Volume of tetrahedron = 
1

3
× area of 

triangular base × perpendicular height] 

Ans: (i) 𝑂𝐵̅̅ ̅̅ = (
2

−6
7

), 𝑂𝐶̅̅ ̅̅ = (
−4
8

−1
) (iv) 𝑂𝐷̅̅ ̅̅ = (

15
13
12

) (v) 
962

3
 

 

Answer 
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Q14  

Question 

Referred to the origin 𝑂, the points 𝐴 and 𝐵 have position vectors 𝐚 and 𝐛 respectively. It is given that |𝐚| = 3, |𝐛| =

5 and |3𝐚 − 𝐛| = 10. 

(i) Give the geometrical interpretation of |𝐚 ∙
𝐛

|𝐛|
|. 

(ii) Show that 𝐚 ∙ 𝐛 = 1 

(iii) Hence find the shortest distance from 𝐴 to the line 𝑂𝐵, and the area of the triangle 𝑂𝐴𝐵. 

(iv) Given that 𝐚, 2𝐚 + 3𝐛 and 𝜇𝐚 + 2𝐛, where 𝜇 is a constant, are position vectors of collinear points, find 

𝜇. 

Ans: (i) length of projection of 𝑂𝐴̅̅ ̅̅  onto 𝑂𝐵̅̅ ̅̅  (iii) distance=
1

5
, area=7.48 (iv) 𝜇 =

5

3
 

 

Answer 

 

Q15  
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Question: 

 

Solution 
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Q16  

Question: 

 



 

15 
 

 

Solution: 
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Solution: 

 


