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1 (i) Find a vector which is perpendicular to both 
1
3
2-

f p and
3
6
4

-f- .p [2]

(ii) The cartesian equation of a line is  2
x = -y z3 2= +4 .

Express the equation of this line in vector form. [3]

⑭

h

λ" [: )×일합계 :
다 . ㅣ

二上 (12 - 、 12 ) -5 ( & -6 )+ 上 ( - o +o

= 25 + 32 = ( 号 )
it )

号 = 4-3 = 2 z+←[ λ)

x = 2 (

. 여올 ] + 시륨 ]y = 3 +λ

Z = - 2 + 高 ↑

*
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2 Find, to the nearest degree, the angle between the vectors 
1
0
2-

J

L

K
KK

N

P

O
OO
 and 

2
3
3

J-

L-

K
KK

N

P

O
OO
. [3]

( t*

co )σ=に
()謳
=

O = cos (2) = 68
°

to nearst degree.

*
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3 (a) Determine whether the point (19, -12, 17) lies on the line r
4
2
7

3
2
4

K= - O mK+ -

J

L

K
K

J

L

K
K

N

P

O
O

N

P

O
OO
. [3]

1
2
2

J
Vectors a and b  are given by a K= -

L

K
K

N

P

O
OO

3
6
2

 and b =

J-

L

K
KK

N

P

O
OO
.

[3](b) (i) Find, in degrees, the angle between a and b.

(ii) Find a vector which is perpendicular to both a and b. [2]

1*

suppose it does . Then
,

θ
에

1
y
1시!(

器

) =…
Equate (, y

:

14 = 4 + 3x => 15 = 31

=5

{y} : RHS=
- 2 + 5 ( - 2 ) = - 12 = LHS

[E ] : RHHS = F + S (O ) = 27 ≠ IF = LHis

so the point doesn't
lie on the Line

b> i|cos θ==()…

= all
_

리

θ = 121 .

6℃

ii) p. T.c

*
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4 The vector p, all of whose components are positive, is given by
a

 p Ka 5
26

2

= -

J

L

K
K

N

P

O
OO where a is a constant.

6
-3L

K
KK

J 2 N

P

O
OO
.You are given that p is perpendicular to the vector 

Determine the value of a. [4] 

*

(\( 高)= 。

2a
'

t 6a
- 30 - F8 = 0

az + 3a - S& = O

(a + p)(a - 6) = 0

aa
-0 or a= 6

Now P1P ,6730
so a = 6 Since

- P- 3 - - 18 < O

*
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5 The lines l1 and l2 have the following equations.

l

l

r

r

8
11
2
6
11
8

3
1
1

1

2

|

|

m

n

K= -
-

+

=
-

+
-

-

K
K
LJ

L

K
KK

J

L

K
KK

L

K
KK

N

P

O
OO

N

P

O
OO

N

P

5
3

O
OO

J J-2N

P

O
OO

[4](a) Show that l1  and l2  intersect.

(b) Write down the point of intersection of l1  and l2 . [1]

Ix

) (율 ) 세 f쪽 ) 최용)( :)
① 8-211 =

- 6 - 3M

③ -11 + 511 = 11 + M

Q - 2 + 31 = 8 - M

⑬+⑥ -13 +8 1 = =14

8 :1 = 32

1 =θ

Sub 1 = & into 10 :-11 + 20
= 11 + M

=> M =
-2

subboth into # :

LIS = =0-2 (4) =6 RMS = -6-3(-) = ·

CHS = RL )

So they do intersect

3) sub 11 = & or m= -2 into 1 , 01 :

... (0,0, 10

*



OCR A · AS-level )urther Maths · Core Pure · June 202� 
Compiled By London Academy Of Maths | Created By Cambridge OCR

6 (a) (i) Find 
1
2

-1

3
5
2

#
O
OO

-

J

L

K
KK

J

L

K
KK

N

P

O
OO

N

P

. [1]

(ii) State a geometrical relationship between the answer to part (a)(i) and the

-1L

K
K
P

O
O

-2L

K
K
P

O
O

J 1 N J 3 N
vectors K 2 O and K 5 O. [1]

[2](iii) Verify the relationship stated in part (a)(ii).

(b) Find the angle between the vectors 2 2i j- +k   and i j4 8- + k . [3] 

It*

) (취 ) × (화 ) 계 ( : 합 : ) /
=

ii) the answer to part all is a vector perpendicular

to bota (1) and (/

^^* )( ) ( ) = 1 - 2 + 1 = 0

(㎥ ) ( 出) = 3 - 5-2 = 0

is zero in both
cases so o =00"

the dot product
perpendicular .

so rectors are

*
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7 (a) Find a vector which is perpendicular to both 3i - 5j - k and i + 3j - 4k. [1]

The equations of two lines are r = 2i + 3j + 3k+ m(i - 2j + k) and 
r = i + 11j - 4k + n(-i + 3j - 2k).

(b) Show that the lines intersect, stating the point of intersection. [5]

ㅙ

a) () : ( =" ; s
' s =

i ( = o ts)- jC -ztythlats)
13

- I

= (盗 )

미 ()회 예)이~ )
equate , y , z :

2 t 1l = l - e θ

3 - 21 = 11 + 3 m ⑬
3 t λ= - 4 - 2µ ⑥

⑥ -② : -= Ste =⇒ M = - 6

sub into @ : 2 + 1 = 1 +6

=> X = 5

Now check with : CHS = 3-2(s) =
- 7

'LHS = RES
RHS = 11 + 3 (- 6 ) =

- F

so the lines do interact .

sub =S into first live or M
= -6 into second to find

point of intersection
:

( 7 ,

- 7
,
8 )

*
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8 The lines L1 and L2 have the following equations.

L1 :r
-5
6
15

5
2
2

m= +

J

L

K
KK

J
K
KK

N

P

O
OO

N

P

O
OO

L2 :r
24
1

-5

3
1

-4
n= +

J

L

K
KK

-

L-
J

L

K
KK

N

P

O
OO

N

P

O
OO

[5](a) Show that L1 and L2  intersect, giving the position vector of the point of intersection.

(b) Find the equation of the line which intersects L1  and L2  and is perpendicular to both.
Give your answer in cartesian form. [3]

2*

이 ( ,)(좋 ) =( : ) /: )
Equate x, y ,

Z :

- StS 1 = 24 + 3µ
=⇒ 5x - 3m

= 28 @

6 - 2d = 1 + M
⇒ m + 2x = 5 ⑬

15 - 2x =
- 5 - 4m ⇒ 2d - 4m = 20@

③ -Q : SM = - 15 = > m = - 3

sub m
= -3 into SBor 0 (but not $) :

- 3 t 2 d = S

21 = 8

d = f

Now check with:

LHS = 51 - 3µ= S (α )
-3- 3 ) = 20 = RUS

So the lives interest at 꽃 (by subbing in

" 1 1 = 4 00 pe=23
in

either line)

**
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9 Find the acute angle between the lines with vector equations + 0 2
  3 1 
   
=   
  

 −2 1 − 

r and 
3 1

− 2 3

 

   
=  +5 1 


   

r . [3] 

a*

c000

=()品m
二

面

= 정

θ= cos
" (園 ) = 4o .

2 to ld

**
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10 (a) Given that the lines r
0
2
2

-1
1
3

+m=

J

L

K
KK

J

L

K
KK

N

P

O
OO

N

P

O
OO
 and 

k
r

1
2

2
3
4

n=
-

+

J

L

K
KK

J

L

K
KK

N

P

O
OO

N

P

O
OO
  meet, determine k. [5]

(b) In this question you must show detailed reasoning.

Find the acute angle between the two lines. [4]

2 π

a) Equate lines :

θ - λ = - 1 t2 Q ⑬2 = I + 5m

=- m
= "s

⑬ 2 + x = 2+ 3m sub into Q :

0 2 + 3x = k +4M
- λ =

- 1 +
2 (5

= 2 1N = 315

No need to check with D as we know

they intersect,

Subidto O to fndh : 2 + 4g = n + 4/s
_

lota = Stetr

15 = SK =つ K = 3

미

coso
= (!+-
=同
= 露

o = cus" (ro) = &3.3 to 180.

**
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11 Vectors, a, b and c, are given by a i= + ( )- +p p1 2( )j k,+ = 2b i+ +j k  and 
c i= +14 p+ -j k( )3  where p is a constant.

You are given that #a b  is perpendicular to c.

Determine the possible values of p. [6]

ㅬ

( × E ) 。 ε = 0

/

i 」 h

1 l - p p + 2

aX b =

"

= : ( 、-- ( p + 21)- I ( - 2 ( 0 +2)+ 上 ( 1 - 2 ( - p))

= : ( 1 - p - p
- 2) -I ( 1 - 2 p

- R ) +上 ( 1 - 2 + 2 p)

- 1 - 2 P

3 + 2p
= ( 2 p -

)

飛 ) ε = 0 =⇒(意照 ) (‰ ) = 。

- 1 - 2 p + ③+ 2 p) ( c +② - 1) ( p -3) = 0

-1- 2 p + &2 + 20p + 2p2- 7p +3 = ·0

2p+108 +44 = ·

(2p + 11)(p + 4) = 0

=#" or P= -&

**



12 Determine whether the lines

x − 1

1
=

y + 2

−1
=

" + 4

2
and

x + 3

2
=

y − 1

3
=

" − 5

4

intersect or are skew. [5]
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First convert to parametric equations

デに染望 も λ) x琴 :的言

=⇒ x= 1 t 1 =>> = - 3 + 2M

y =
- 2 - λ Y = 1 + 3 µ

Z =
- θ + 21 z = 3+4M

Equate x , y ,
E :

⑱ It ( = - 3 + 2 µ
⑤ +⑬ : - 1 =

- 2 + 5M

⑬ - 2 - λ = 1 t 3 µ
=> m

= 4

⑥ -4 +2X = 3 + &R sub into & :

HA = - 3 t 215

⇒ 11=이

sub into 0 :

대 s = - α +
2 (북 ] =

-을

RHS = 5 + 4("s) = 2f LHS f R HS

So lines don't intersect
.

(6 ) is not

TheyseaparalleSeear the drection vectors of

the lines (

S the lines ar snew

→

**



OCR A · A6-level )urther Maths · Core Pure · June 2��� 
Compiled By London Academy Of Maths | Created By CaPErLGJe OCR

13 The position vector of point A is =-a i9 2+ +6j k .
The line l passes through A  and is perpendicular to a.

(a) Determine the shortest distance between the origin, O, and l. [2]

l is also perpendicular  to the vector b where =-2b i+ +j k .

[1](b) Find a vector which is perpendicular to both a and b.

(c) Write down an equation of l in vector form. [1]

P is a point on l such that PA = 2OA.

(d) Find angle POA giving your answer to 3 significant figures. [3]

C  is a point whose position vector, c, is given by =c ap   for some constant p. The line m passes 
through C  and has equation r c= +nb. The point with position vector 9 8i j+ -12k  lies on m.

(e) Find the value of p. [3]

3*

a) ( d=+2n + j2

>
= Fa라

ㅖ

℃

)*
々 = ( ) ×( ? ) = 1 ( * ^ s

^

; )
ㅁ 1 ㅣ

= - θ i - 3j
- 5与

=

( 草 )
이 ( 용) + /)

***
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14 The line through points A ( ,8 7- -2, )  and B 11( , -9 0, )   is denoted by L1 .

[2](a) Find a vector equation for L1 .

(b) Determine whether the point  (26 19, , )- -14   lies on L1 . [2]

The line L2   passes through the origin, O, and intersects L1   at the point C. The lines L1  and L2  are 
perpendicular.

[4](c) By using the fact that C  lies on L1 , find a vector equation for L2 .

(d) Hence find the shortest distance from O to L1 . [2]

3*

sa) E = (?) / you
could also case (%จู่ ่) n

C

so = () + m+

)

( ) = (월 )+m()
26 = 8 t 3 µ => m

= G

Sub pr=
6 in :

DHS = -7-2(6) =-18
- 19 =

- 7 - 2p = CAIS

Sub M26 in : RHS = -2- 2(6)= - 14
ー 1 θ =

- 2 - 2µ
= LHS

so the point (26 ,
-14

, -14) is on the line .

℃ P. T.O

***



15 (i) Find the value of k such that 
1
2
1

 
 
 
 
 

 and 
2
3
k

 
 
 
 
 

 are perpendicular. [2] 

Two lines have equations 1

3 1
:  2 1

7 3
l 

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

r  and 2

6 2
:  5 1

2 1
l 

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

r . 

 (ii) Find the point of intersection of l1 and l2. [4] 

(iii) The vector  
1
a
b

 
 
 
 
 

is perpendicular to the lines l1 and l2. 

  Find the values of a and b. [5] 

OCR A · AS-level )urther Maths · Core Pure · 6aPSle 
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3 tα

"(i) . (j)) = 0

=→ -

占梁
= 0

) ぽ ) + * (;) = 事 ) + m ( ^: )

3 + x = 6 + 2m =7 d - 2µ
= 3 ⑦

2 - 11 = 3 +m
의

m + 1 =
= 3 ⑬

7 + 3 1 = 2 - µ ⇒ 311+m
=

- s θ

@ -⑬ - 3µ=
6

m =- 2

Subm= -2 into :

2f 1 = - 3

λ = = 1

by subbing
into M

= -2 or 1=-1 into either L
,

or he

0.
0 .

2 = ( 2 ,
3

,
4)

***
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16 Determine the acute angle between the line r
- 3
1
3

1
32

- 3
m= +

J

L

K
KK

J

L

K
KK

N

P

O
OO

N

P

O
OO
 and the y-axis. [4]

张

yaxis
: I = µ ( ℃ )

,
cosa:(感洲

= = 볼

θ - = cos ” ( 陰 ) = 30

***
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The line l has equations x −
2

 1 = y −
3

 1 = z
2
+ 1 and the point A is (7, 3, 7). M is the point where the

perpendicular from A meets l.

[7](i) Find, in either order, the coordinates of M  and the perpendicular distance from A to l.

(ii) Find the coordinates of the point B on AM such that 
→
AB  = 3

 
BM
→

. [3]

3 *

is Vector form : = = ( !,) + +(2)
(

again ,

here make sure not togall into

trap of calling
M (x , y ,

E)

¤ M = ( 1 + 21 ,
1 + 3x

,
- 1 + 2x) for somedele

@ A

Am =

1+ 31! :¤ ( 厚 ) = 点( l I
211 -8

ㅣ
Am is perpendicular to

1
,

so

2 λ - 6

3x-2(
21 - 8
JHo

4x- 12 + p1 - 6 + 41) - 16
= 0

IF λ - 3 D = 0

=2

so m= (5 , 7, 3)

Am
'

=

( 総去) = (堂 )2 (2 ) - 8

→

AMI = 2 = <6 = 6

***

17 
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18 Points A, B and C  have coordinates (4, 2, 0), (1, 5, 3) and (1, 4, -2) respectively.

[3]

The line l  passes through A and B.

(a) Find a cartesian equation for l.

M is the point on l  that is closest to C.

[4](b) Find the coordinates of M.

(c) Find the exact area of the triangle ABC. [4]

3fX

) A=(! [차 ) = (: )
s.

여차 ] +( )
Note what

I have done here

= ( 윙 ) + tli) 藿 is called rescaling
.

I can only

do this with direction
vectors

land I also don't have to do

= 特= 予 i
'

f ) .

に, 4 - x = g
- 2 = E

) l
the classic mistake here is to call M (x,% ,7)

0
B

but we can express M interns of one unknown

µ
not 3 :

Ag ℃ M= (D-t ,
2 + t

, +) for some tel

=⇒2 = ( 은동] - (흘) 우종담)
tt 2

im . (T) = 0 Since [M is perpendicea

- ③-t ) tt 2 t t + 2 = 0

3 t -3 =0 = 7 t= 1
SO M = ( 3 ,

3
,

1 )

***
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19 Three intersecting lines L1, L2 and L3 have equations

yx z z -x 1 z+4L1: , :andL x y L y
= =2 3 1 11 22 = =: 4 1 53-

= =
2- .

Find the area of the triangle enclosed by these lines. [9]

十*上

we need to first find intersections.

Convert all to rector form
:

上
、
=λ (言 ) z = m(() = = (() +

t)j)
intersection of 5 ,

&1 has to be A (0 ,
0

,
0) since they both go through

that point. By inspection I & intersect at B(1 ,
2

,
-4) Since p

= 1

and = ensues this (can also find by solving
simultaneous equs

-,
& is interect at ((2 ,

3
, 1) again by inspection ,

Since
1= 1,

t = I ensures this

B
To find aen ABC

, first find
θ

IAB 1
,
lAI .

(AB 1に風 で + or = E 1

θ ℃
IA) =T+32tR = K

∞

to find <BAC
,

either use cosine rule

by finding
/BC or better

,

use scalar

product :

coso
=器一園

Area of ABC
= [ETRx Sin (cos"(ritrn) = 8 .

34 units" to 35

****



20 The line segment AB is a diameter of a sphere, S. The point C is any point on the surface of S.

(a) Explain why AC BC 0: =  for all possible positions of C. [3]

You are now given that A is the point (11, 12, -14) and B is the point (9, 13, 6).

(b) Given that the coordinates of C have the form (2p, p, 1), where p is a constant, determine the
coordinates of the possible positions of C. [6]

OCR A · AS-level )urther Maths · Core Pure · June 2022 
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a) &

C

using
knowledge of circle

theorems

AB = 400 since I is

φ
B

⑳ on the perimeter
so ACB is an

A o

angle in a semi-circle (i - e it's

a right angle)
)

→

So ACOBS = 0 Since
#C and

BC ar perpendicular since dot

product equal zero . (2)

In the case where C = A or C = B , = 0 or i = 0

respectively ,
so A . B = 0 since a zero rector

dotted

with any
vector is zero . (3)

(
2 p
에

℃ - ( 熊別∞) AE =

0

;
" 미

AE : B= RP -
1 )( 20 -

0 )+ ( 12 ) (p- 13 )tis ( -5) = 0

PpY- POPHIP +P- 23p+
19-6 - +3 = ·

Sp2- 65p+
180 = 0

P
2
- 13 p

+ 36 = 0

CP- 43 (0- 4) = ·0

=> C = ( 2,4,1) or ( 10, 0.1

p = 4 or p
= 4

****
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21 The equations of two intersecting lines are

12

1
2 r = K a O+m

K KKO

J
K-

N
O
J
K 2
N
O
OO

r  = 
2

1

-3
0
5

+nK 1
L-

J

L

K
KK

J
K
K

N

P

O
OO

N

P

O
OO

L- P L 1 P

where a is a constant.

(a) Find a vector, b, which is perpendicular to both lines. [2]

(b) Show that b.K a
J-12

1-L

K
K

N

P

O
OO
 = b.

J
K 2
0
5L
KK

N

P

O
OO
. [2]

(c) Hence, or otherwise, find the value of a. [2]

5*

λ = (차 ) × (회)= [ : :)
= - 31 -1 + 8 마

미 (합세( 류)= () + m (: ) for
some m ,

1 Eth

Since we know they intersect

→ … ((∵ ) 州 ( )) = ( : ) + … ( ))
=→ 上 .(虽 ) +^ 上 - ( 信 ) = 停 ) +µ|至 )
= bo() = b . (3) since b is perpendicular

to both (2) & (ii) so

the dot product of b with

each vector is Zero.

*****



22 The points P(3, 5, -21) and Q(-1, 3, -16) are on the ceiling of a long straight underground tunnel. 
A ventilation shaft must be dug from the point M on the ceiling of the tunnel midway between 
P and Q to horizontal ground level (where the z-coordinate is 0). The ventilation shaft must be 
perpendicular to the tunnel.

The path of the ventilation shaft is modelled by the vector equation r a bm= + , where a is the 
position vector of M.

You are given that s
t

b
1

=

J

L

K
KK

N

P

O
OO
 where s and t are real numbers.

(a) Show that .s t2 5 2= - . [3]

(b) Show that at the point where the ventilation shaft reaches the ground t
c

m = , where c is a
constant to be determined. [3]

(c) Using the results in parts (a) and (b), determine the shortest possible length of the ventilation
shaft. [6]

(d) Explain what the fact that b 0
0
0
1

# !

J

L

K
KK

N

P

O
OO

 means about the direction of the ventilation shaft. [1]
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a b - pQ = O since t is perpendicular toG

( :) , (τ ) = 0

-4 - 2 s + st
= 0

2 S = 5 t - θ

S = 2
.

55 - 2

3) Equation of
ventilation shaft :

1 ) by result of (a)
こ =( 品 +↑”

now at ground E = 0
,

so - 18 . 3 + It = 0

=7 At = 18 .

5

1 = =18. 3
_

t

******




