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6.

M =
−















k 5 7

1 1 1

2 1 1

        where k is a constant

	 (a)	 Given that  k ≠ 4,  find, in terms of k, the inverse of the matrix M.
(4)

	 (b)	Find, in terms of p, the coordinates of the point where the following planes intersect.

2x + 5y + 7z = 1
  x +   y +   z = p
2x +   y −   z = 2

(3)

	 (c)	 (i)	 Find the value of q for which the following planes intersect in a straight line.

4x + 5y + 7z = 1
  x +   y +   z = q
2x +   y −   z = 2

		  (ii)	 For this value of q, determine a vector equation for the line of intersection.
(7)
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



Paper 2: Core Pure Mathematics 2  ·  October2020  ·  Q6  ·  14 marks ANSWER  ›3.8  Geometric Interpretation of Simultaneous E…

6

22

*P62671A02228*

	

	

Question 6 continued
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Question 6 continued
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  

8.	 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

r1 = 
−













1

5

2

 + λ
2

0

a














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

r2 = 
4

1

3

−












  + μ

0

1

1−















	 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)
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Question 8 continued
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



Paper 2: Core Pure Mathematics 2  ·  June2022  ·  Q8  ·  13 marks ANSWER  ›6.5  Intersections and Shortest Distances

12

*P71801A02932* Turn over     

29

	

	

  

Question 8 continued
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  

2.	 An archer shoots an arrow towards a target.

	 In a model

•	 the arrow is a particle

•	 the flight path of the arrow is a straight line

•	 the target is part of a plane

	 Relative to a fixed origin O

•	 the arrow is fired from the point with position vector 3 5 2i j k� �

•	 the plane containing the target has equation 2 4 3x y z� � �

Use the model to answer parts (a) to (d).

	 (a)	 Determine the shortest distance that the arrow must travel to reach the plane.
(2)

	 The arrow hits the target at the point with position vector 6 2i j k� �

	 (b)	 Determine a vector equation of the flight path of the arrow.
(2)

	 (c)	 Determine the acute angle that the flight path of the arrow makes with the target. 
Give your answer to the nearest degree.

(2)

	 (d)	 Determine the distance travelled by the arrow.
(1)

	 (e)	 Comment on whether the actual distance travelled by the arrow is likely to match 
the answer to part (d), giving a reason for your answer.

(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT



Paper 2: Core Pure Mathematics 2  ·  June2025  ·  Q2  ·  8 marks ANSWER  ›6.5  Intersections and Shortest Distances

14

*P74078A0532* Turn over      

5

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 2 continued
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Question 2 continued
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Question 2 continued
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Question Scheme Marks AOs 

6(a) ( ) ( ) ( )

 

1 1 5 1 2 7 1 2

    8 2

k

k

M = − − − − − + −

= −
 M1 1.1b 

Minors:

2 3 1

12 14 10

2 7 5

k k

k k

− − − 
 
− − − − 
 − − − 

 

 Cofactors: 

2 3 1

12 14 10

2 7 5

k k

k k

− − 
 

− − − 
 − − − 

 

M1 1.1b 

1

2 12 2
1

3 14 7
8 2

1 10 5

k k
k

k k

−

− − 
 

= − − − −  − − − 

M  
M1 

A1 

2.1 

1.1b 

 (4)  

(b) 

1 1

2 12 2 1
1

3 16 5
4

1 8 3 2

x

y p

z

− −

− −     
     

= −  =     
     − −     

M M  

Solve the equations simultaneously to achieve values for x, y and z 

3 2 2 and 4 8 1 ...,  ..., ...y z p y z x y z+ = - + = - Þ = = =  

M1 3.1a 

1
3 1

2

3 5
4

4 2

1 3
2

4 2

p

x

y p

z

p

 
− + − 

   
   = − +   
    

 − + − 
 

 A1ft 1.1b 

12 6 13 16 8 7
, ,

4 4 4

3 13 7
3 , 4 , 2

2 4 4

p p p

p p p

− − − 
 
 

 
− − − 

 

 A1 2.2a 

 (3)  

(c)(i)    

For consistency: 

E.g. eliminates z to 

find two equations 

from

3 2 2x y q+ = +  

3 2 7 1x y q+ = −  

18 12 15x y+ =  

For consistency: 

E.g. eliminates x to 

find two equations 

from 

3 1 4y z q+ = −  

3 9 3y z+ = −  

3 2 2y z q+ = −  

For consistency: 

E.g. eliminates y to 

find two equations 

from 2 2x z q− = −  

2 1 5x z q− + = −  

6 12 9x z− + = −  

M1 3.1a 

e.g.
2 7 1

...

q q

q

+ = −

 =
 e.g.

( )3 3 1 4

...

q

q

− = −

 =
 e.g.

( )9 6 1 5

...

q

q

− = −

 =
 M1 1.1b 

1

2
q =  A1 1.1b 
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 Alternative 

Equating coefficients leading to two out of three equations and 

solves to find values for a and b 

4 2, 5 1, 7 1a b a b a b+ = + = + = -  

{ }1, 6a b= - =  

M1 3.1a 

Forms the fourth equation involving q 2a bq+ =  and substitutes in 

the values of a and b to finds a value for q 
M1 1.1b 

1

2
q =  A1 1.1b 

 Finds a coordinate of intersection of the planes 

4 5 7 1 and 2 2x y z x y z+ + = + - =  

e.g let 0 4 5 1 and 2 2 1, 1.5z x y x y y x= Þ + = + = Þ = - =  

M1 3.1a 

 Substitutes the values for x, y and z into x y z q+ + =  to reach a 

value for q 
M1 1.1b 

 1

2
q =  A1 1.1b 

(ii) For example:

5 3
3 2 , 2 f ( ), f ( )

2 2
x y z y z    =  + = − =  = =  

5
3 2 , 3 1 f ( ), f ( )

2
y x z x z    =  + = + =  = =  

3 9 3, 6 12 9 f ( ), f ( )z y x x y    =  + = − − + = −  = =  

M1 3.1a 

Let x = , 
5 3
4 4

3 1
2 2

y z


− +
= =

−
 or 

5 3 3 1
,

4 2 4 2
y z = − = − +  

Let y = , 
5 1
6 3

2 1
3 3

x z


− +
= =

− −
or 

5 2 1 1
,

5 3 3 3
x z = − = − −  

Let z = , 
3
2 1

2 3

x y


− +
= =

−
 or 

3
2 , 1 3

2
x y = + = − −  

A1 1.1b 

( )
5 3

2 3
4 4

t= − + − +r j k i j k  o.e. 

( )
5 1

2 3
6 3

tr i k i j k= − + − +  o.e. 

( )
3

2 3
2

tr i j i j k= − + − +  o.e. 

M1 

A1 

1.1b 

2.5 

Alternative (ii) 

Finds two different coordinates that lie on the line of intersection 

For example:  setting 
5 3

0 0, ,
4 4

x
æ ö

÷ç= Þ - ÷ç ÷çè ø
 

setting 
5 1

0 ,0,
6 3

y
æ ö

÷ç= Þ - ÷ç ÷çè ø
       setting 

3
0 , 1,0

2
z

æ ö
÷ç= Þ - ÷ç ÷çè ø

 

M1 

A1 

3.1a 

1.1b 

Finds the vector equation of the line passing through their two points M1 1.1b 

( )
5 3

2 3
4 4

t= − + − +r j k i j k  o.e. A1 2.5 
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( )
5 1

2 3
6 3

tr i k i j k= − + − +  o.e. 

( )
3

2 3
2

tr i j i j k= − + − + o.e. 

Alternative (ii): Outside the spec 

Finds the cross product of two normal vectors and a coordinate that 

lies on all three planes 

M1 3.1a 

Correct cross product  

2
4 5 7 4 5 7

3
1 1 1 2 1 1

1

æ ö- ÷ç ÷ç ÷ç ÷= = ç ÷ç ÷- ç ÷÷ç-è ø

 or 

12
1 1 1

18
2 1 1

3

æ ö- ÷ç ÷ç ÷ç ÷= ç ÷ç ÷- ç ÷÷ç -è ø

 
A1 1.1b 

Uses the point and the direction vector to find the equation of the 

line 
M1 1.1b 

( )
5 3

2 3
4 4

t= − + − +r j k i j k  o.e. A1 1.1b 

 (7)  

(14 marks) 

Notes 

(a) 

M1: Correct method to find the determinant. Condone one sign slip 

M1: A correct first step in obtaining the inverse. Could be the matrix of minors or cofactors. 

Condone sign slips as long as the intention is clear. 

M1: Fully correct method to obtain the inverse. Attempts matrix of minors, cofactors, transposes 

and 1/determinant 

A1: Correct matrix 

(b) 

M1: A complete strategy for solving the given equations e.g. multiplies the given coordinates by 

their inverse or solves simultaneously to achieve values for x, y and z 

A1ft: Correct calculation on their inverse matrix (unsimplified) or at least on correct value if 

solving simultaneously 

A1: Correct coordinates 

(c)(i) 

M1: Uses a correct strategy that will lead to establishing a value for q. E.g. eliminating one of x, y 

or z 

M1: Solves a suitable equation to obtain a value for q 

A1: Correct value 

(c)(i) Alternative 1 

M1: Equating coefficients leading to two out of three equations and solves to find values for a 

and b 

M1: Solves a suitable equation to obtain a value for q using their values for a and b 

(c)(i) Alternative 2 

M1: Finds a coordinate of intersection of the planes 4 5 7 1 and 2 2x y z x y z+ + = + - =  

M1: Substitutes the values for x, y and z into x y z q+ + =  to reach a value for q 

A1: Correct value 

(ii) 

M1: Uses a correct strategy to obtain the Cartesian equation of the line or the general coordinates 

A1: Correct Cartesian equation or coordinates in terms of a parameter. 
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M1: Uses their Cartesian equation to correctly extract the position and direction to form a vector 

equation for the required line 

A1: Correct equation (o.e.) look out for multiples of the direction vector 

Alternative (ii) 

M1: Finds two different coordinates that lie on the line of intersection 

A1: Correct coordinates 

M1: Uses their coordinates to find the vector equation of the line that passes through them.  

A1: Correct equation (o.e.), look out for multiples of the direction vector. Must have r = … 

Alternative (ii) outside spec 

M1: Finds the cross product between the normal vectors of two of the planes and a coordinate 

that lies on all three planes. If a coordinate is found in (i) it must be used in this part to award this 

mark. 

A1: Correct cross product 

M1: Uses the coordinate and the cross product to find the equation of the line 

A1: Correct equation (o.e.), look out for multiples of the direction vector. Must have r = … 
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Question Scheme Marks AOs 

8(a) A complete method to use the scalar product of the direction vectors 

and the angle 120° to form an equation in a 

(
2
𝑎
0
) • (

  0
  1
−1
)

√22 + 𝑎2√12 + (−1)2
= 𝑐𝑜𝑠 1 20 

M1 3.1b 

𝑎

√4 + 𝑎2√2
= −

1

2
 A1 1.1b 

2𝑎 = −√4 + 𝑎2√2 ⇒ 4𝑎2 = 8 + 2𝑎2 ⇒ 𝑎2 = 4 ⇒ 𝑎 = ... M1 1.1b 

𝑎 = −2 A1 2.2a 

 (4)  

(b) Any two of 𝐢: −1 + 2𝜆 = 4 (1) 

𝐣: 5 + 'their − 2'𝜆 = −1  + 𝜇 (2) 

𝐤:     2    =3 − 𝜇 (3) 

M1 3.4 

Solves the equations to find a value of 𝜆 {=
5

2
} and 𝜇{= 1} M1 1.1b 

𝑟1 = (
−1
 5
 2
) +

5

2
(

2
'their − 2'

0
) or 𝑟2 = (

 4
−1
 3
) + 1(

0
1
−1
) dM1 1.1b 

(4,0,2) or (
4
0
2
) A1 1.1b 

Checks the third equation e.g. 

𝜆 =
5

2
: L HS = 5 − 2𝜆 = 5 − 5 = 0 

𝜇 = 1: R HS = −1 + 𝜇 = −1 + 1 = 0 

therefore common point/intersect/consistent/tick 

or substitutes the values of  𝜆 and 𝜇 into the relevant lines and 

achieves the same coordinate 

B1 2.1 

 (5)  

(c) Full attempt to find the minimum distance from the point of 

intersection (nest) to the plane (ground) 

E.g. Minimum distance =
|2×'4'+(−3)×'0'+1×'2'−2|

√22+(−3)2+1)2
=. .. 

Alternatively 

𝐫 = (
'4'
'0'
'2'
) + 𝜆 (

  2
−3
  1
) 2('4' + 2𝜆) − 3('0' − 3𝜆) + ('2' + 𝜆) = 2 ⇒

𝜆 =. . . {−
4

7
} 

M1 

 

 

 

 

 

 

 

A1ft 

3.1b 

 

 

 

 

 

 

 

3.4 
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𝐫 = (
'4'
'0'
'2'
) + ' −

4

7
' (
  2
−3
  1
) =

(

 
 
 

20

7
12

7
10

7 )

 
 
 

 

Minimum distance = √(2 × −
4

7
')
2

+ (−3 × −
4

7
')
2

+ (1 × −
4

7
)
2

=

. . . 

= √('4' − '
20

7
')
2

+ ('0' − '
12

7
')
2

+ ('2' − '
10

7
')
2

=. .. 

8

√14
 or 

4√14

7
or awrt 2.1 A1 2.2b 

 (3)  

 

Alternative  

Find perpendicular distance from plane to the origin 2𝑥 − 3𝑦 + 𝑧 =

2 |𝑛| = √22 + (−3)2 + 12 = √14 shortest distance =
2

√14
 

Find perpendicular distance from the plane containing the point of 

intersection to the origin 2𝑥 − 3𝑦 + 𝑧 = (
4
0
2
) • (

2
−3
1
) = 10 shortest 

distance =
10

√14
 

Minimum distance = 
10

√14
−

2

√14
 

M1 

 

A1ft 

3.1b 

 

3.4 

8

√14
 or 

4√14

7
or awrt 2.1 A1 2.2b 

 (3)  

(d) 

For example 

Not reliable as the birds will not fly in a straight line 

Not reliable as angle between flights paths will not always be 120° 

Not reliable/reliable as the ground will not be flat/smooth 

Not reliable as bird’s nest is not a point 

B1 3.2b 

  (1)  

(13 marks) 

Notes: 

(a) 

M1: See scheme, allow a sign slip and cos 60 

A1: Correct simplified equation in a, cos 120 must be evaluated to – ½ and dot product calculated 

Note: If the candidate states either |
𝑎�𝑏

|𝑎||𝑏|
| = 𝑐𝑜𝑠 𝜃 or |

𝑎

√4+𝑎2√2
| = 𝑐𝑜𝑠 6 0then has the equation 

𝑎

√4+𝑎2√2
=
1

2
 award this mark. If the module of the dot product is not seen then award A0 for this 

equation. 
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dM1: Solve a quadratic equation for a, by squaring and solving an equation of the form 𝑎2 = 𝐾 

where 𝐾 > 0 

A1: Deduces the correct value of a from a correct equation. Must be seen in part (a) using the angle 

between the lines.  

Alternative cross product method 

M1:|
2 𝑎 0
0 1 −1

| = √22 + 𝑎2√12 + (−1)2 𝑠𝑖𝑛 1 20 

A1: √𝑎2 + 8 = √4 + 𝑎2√2
√3

2
 

Then as above 

Note If they use the point of intersection to find a value for a this scores no marks 

(b) 

M1: Uses the model to write down any two correct equations 

M1: Solve two equations simultaneously to find a value for 𝜇 and 𝜆 

dM1: Dependent on previous method mark. Substitutes 𝜇 and 𝜆 into a relevant equation. If no 

method shown two correct ordinates implies this mark. 

A1: Correct coordinates. May be seen in part (c) 

B1: Shows that the values of 𝜇 and 𝜆 give the same third coordinate or point of intersection and 

draws the conclusion that the lines intersect/common point/consistent or tick.  

Note: If an incorrect value for a is found in part (a) but in part (b) they find that 𝑎 = −2 this scores 

B0 but all other marks are available 

(c) This is M1M1A1 on ePen marking as M1 A1ft A1 

M1: Full attempt to find the minimum distance from a point to a plane. Condone a sign slip with the 

value of d. 

A1ft: Following through on their point of intersection. Uses the model to find a correct expression 

for minimum distance from the nest to the ground 

A1: Correct distance 

 

Alternative 

M1: Find the shortest distance from a point to plane by finding the perpendicular distance from the 

given plane to the origin and the perpendicular distance from the plane contacting their point of 

intersection to the origin and subtracts 

A1ft: Following through on their point of intersection. Uses the model to find a correct expression 

for minimum distance from the nest to the ground 

A1: Correct distance 

(d) 

B1: Comments on one of the models 

• Flight path of the birds modelled as a straight line 

• Angle between flight paths modelled as 120° 

• The bird’s nest is modelled as a point 

• Ground modelled as a plane 

Then states unreliabl 

Any correct answer seen, ignore any other incorrect answers 
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Question Scheme Marks AOs 

2(a) Shortest distance ( ) ( )
( )22 2

...
2 4 1

2 3 4 5 1 2 3× + × − + − × −
= =

+ + −
 M1 1.1b 

awrt 4.15 or 
19
21

 or 
19 21

21
 A1 1.1b 

 (2)  

(b) 6 3 3
2 5 3
1 2 1

AB


                                            

 or 
3 6 3
5 2 3
2 1 1

BA


                                             

 M1 3.4 

6 3
2 3
1 1



                       

r  or 
3 3
5 3
2 1



                       

r   

 
6 3
2 3
1 1



                        

r  or 
3 3
5 3
2 1



                        

r  

A1 3.3 

 (2)  

(c) 

   2 22 2 2 2

3 2
3 . 4
1 1

cos 90 ....
3 3 1 2 1

. . or 
4

 

                      
   

      
  

M1 3.1b 

 72   A1 1.1b 

 (2)  

(d) Distance  22 23 3 1 19 awrt 4.36       B1 1.1b 

 (1)  

(e) Not likely to match, as unlikely that the flight path of the arrow will 
be a straight line. B1 3.2b 

  (1)  

(8 marks) 
  

PMT



MARK SCHEME  ·  Paper 2: Core Pure Mathematics 2  ·  June2025  ·  Q2 ‹  QUESTION6.5  Intersections and Shortest Distances

26

Notes: 

(a) 
M1: Correct method to find the shortest distance. Condone ±d in the formula. Longer methods are 
possible. E.g. if done after part (d), then 19 cos17.97....  is a correct method. Another approach is to 

form the general line 
3 2
5 4

2 1
µ

   
   = − +   
   −   

r , substitute into plane equation 19
21

µ⇒ =  then scale the 

normal vectors magnitude: 2 2 219 2 ...4 ( 1)
21
× + − =+  

A1: Correct exact distance or awrt 4.15 
(b) 
M1: Finds the direction of the line. Accept either direction and implied by 2 out of three coordinates 
correct if no method shown. 
A1: Correct model for the flight path of the arrow. Must be an equation ie, including the r = … (but 
condone l = … or other letter). 
(c) 
M1: A complete method to find the required angle or angle between normal and plane. Uses the dot 
product of the direction vector of the line and normal vector of the plane to find the angle (need not 
subtract from 90 for this mark). Allow if a (single) minor slip is made if the method is clearly 
attempting to use the correct vectors. 

Note may use 
   2 22 2 2 2

3 2
3 . 4
1 1

sin ...
3 3 1 2 4 1

 

                      
  

      
 directly. 

A1: Correct final angle. 
(d) 

B1: 19  or awrt 4.36  
(e) 
B1: States not likely to match (or equivalent wording) and gives a suitable reason why. This will 
most commonly be that the arrow will not travel in a straight line, but e.g. accept “the arrow is not a 
particle so the tip may travel into the target, not stop at the plane”.  
Do not accept answers that suggest the arrow will travel less far than the answer to (d). Do not 
accept “air resistance” arguments unless they specifically refer to the arrow not travelling in a 
straight line. 

 
 
 
 
 
 
 
  

PMT


