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1 The plane x+2y+cz = 4 is perpendicular to the plane 2x —cy+ 6z = 9, where c is a constant.
Find the value of c. [3]
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2 Find the cartesian equation of the plane which contains the three points (1,0, —-1), (2,2,1) and (1,1,2).
[5]
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12
Find M~!, where M =|—1 1
-2 1

Hence find, in terms of the constant £, the point of intersection of the planes

x+2y+3z=19,
—x+ y+2z=4,
—2x+ y+2z=kF

In this question you must show detailed reasoning.

Find the acute angle between the planes x+2y+3z =19 and —x+y+2z = 4.

0 | —

a> M\‘ = 9 -3 S

b)

- S -3
23 e (9
e B ) y |- | #
— L 7 "

<4—k,6#§k/"3h> ©

1]

[3]

[4]

ke porat of totete cbion

*%



*%

Tneery ” coduct . Con® = M T2

C> : /zj fue dot Erodue e
M

n, I&; © xS 0(2)("&_(6/‘('7\(/‘ T de (RO—O

= &‘,H\J\ 62, OS frse ol br acukR,

_Ig 6 (NN U\C_(A,‘l_e/ (_MQA _:r/w\ 0/(04@ N

—
/r\ T'\\QSQ e hq nor(“-q{g.
\ «\) /
- (
o e 2
cos6=- N - —— _ ﬁ ﬁ

& =140.2°




OCR MEI - A-level Further Maths B - Core Pure - June 2023
Compiled By London Academy Of Maths | Created By Cambridge OCR

4 In this question you must show detailed reasoning.

Find the angle between the vector 3i+2j+k and the plane —x+3y+2z = 8. [5]
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5 (a) Show that the vector i+4j+ 2k is parallel to the plane 2x+y—3z = 10. [3]
(b) Determine the acute angle between the planes 2x+y—3z = 10 and x—y—3z = 3. (4]
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6  Three planes have the following equations.

2x—3y+ z=-3,
x—4y+2z=1,
—3x—2y+3z=14.

(a) (i) Write the system of equations in matrix form. [1]
(ii) Hence find the point of intersection of the planes. [2]

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

Find the acute angle between the planes 2x—3y+z=—3 and x—4y+2z = 1. [4]
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7  The equations of two non-intersecting lines, /, and /,, are

1 2 2 1
liir=[2 |+ 1]} Lyrr=|2 |+u|—1]
-1 -2 -3 4
Find the shortest distance between lines /, and /,. [5]
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xX=3 y-5 z+2 x—-4 y+2 z-7

8 The lines /; and /; have equations and

2 -3 I
(i) Find the shortest distance between /; and /,. [S]
(ii) Find a cartesian equation of the plane which contains /; and is parallel to /. [2]
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9 The equation of a plane // is x—2y—z=30.

3 -5
(i) Find the acute angle between the line r_{ 2 }r 1[ 3} and /7 . )
-5 2
1 3
(i) Determine the geometrical relationship between the line r=| 4 |+ x| —1 | and // . [4]
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3
10 (a) Aplane IT has the equationr.| 6|= 15. C is the point (4, =5, 1).
-2
Find the shortest distance between IT and C. [3]

(b) Lines /, and /, have the following equations.

4 -2
[r=[3[+A] 4
1 -2
5 1
Lir=|2]+ul—-2
4 1
Find, in exact form, the distance between /, and /,. [5]
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The distance between a point and a plane is D = [b.n—p]

Nl where b is the position vector of the point and the
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11 The equation of a plane is 4x+2y+z =7
The point 4 has coordinates (9, 6, 1) and the point B is the reflection of 4 in the plane
Find the coordinates of the point B [6]
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12 (a) Show that the three planes with equations
x+Ay+3z=-12
2x+ y+5z=-11
x—2y+2z=-9

where A is a constant, meet at a unique point except for one value of A which is to be
determined. [3]

(b) Inthe case A = —2, use matrices to find the point of intersection P of the planes, showing your
method clearly. [3]

. . -1 -1 +2
The line / has equation AL Ak

2 -1 =2
(¢) Find a vector equation of /. [2]
(d) Find the shortest distance between the point P and /. [4]
(e) (i) Show that/is parallel to the plane x—2y+2z =-9. [3]
(ii) Find the distance between / and the plane x —2y+2z =—-9. [2]
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-1 4 -2
13 The equation of the plane [7is r=| 2|+ A|4 |+ u .
1 3 1
2
(a) Find the acute angle between /7 and the plane with equation r.| 0 [ = 4. (4]
3

The point 4 has coordinates (9, —7, 20).

The point F is the point of intersection between /7 and the perpendicular from 4 to /7.

(b) Determine the coordinates of F. (4]
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14 The plane P has normal vector 2i + aj — k, where a is a positive constant, and the point (3, —1, 1)
lies in P. The plane x —z = 3 makes an angle of 45° with P.

Find the cartesian equation of P.
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15 A vector v has magnitude 1 unit. The angle between v and the positive z-axis 1s 60°, and v is
parallel to the plane x—2y = 0.

Given that v = ai+ bj + ck, where a, b and c are all positive, find v. (7]
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16  The plane IT has equation 3x—5y+z=9.

(i) Show that I1 contains

e the point (4,1,2)

and
1

e thevector | 1 ]. 4l
2

(ii) Determine the equation of a plane which is perpendicular to I1 and which passes through (4,1,2). [3]

() gub (412D tahs o e

CHS= 3(a) -S(1) +2= 12 -S+21=9 = Qg

| 2
L) [=s]=1-S+1L=0
2 \
cm b oruSE (e ta
.§® :> (5 Perpe.r\ouccx(okr E‘D -H\Q nD QK/ o W
1
%&( @L(‘A«é_

!
F‘c) we need. to &mo( tne  noceal od; g new p(cme, But i ({> lies

XN +tne OCD( PLQ-’\Q ik DINTLS o PQPQ«C*(&LKC&/ to bre. aew P(Q'\e‘

So OQ{—(& -leg—:d\
Suh (¢1,2)in"

4 + 1+ 4=A A=«

So et y +22=1




OCR - A-level Further Maths A - Pure Core 2 - November 2020
Compiled By London Academy Of Maths | Created By Cambridge OCR

17 The equations of two intersecting lines [, and L, are

1 2 7 -1
Lir=[0[+Al 1 Livr=| 9|+uf 1
a -3 -2 2

where a is a constant.

The equation of the plane I7 is

[, and IT intersect at Q.
L, and IT intersect at R.
(a) Verify that the coordinates of R are (13, 3, —14).

(b) Determine the exact value of the length of OR.
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1 3
The line /; has equation r =|—=3|+A| 2|.
3 -2
2
The plane /7 has equation r.|—5| = 4.
-3

(a) Find the position vector of the point of intersection of /, and I1.

(b) Find the acute angle between /, and I1.

A is the point on /; where A = 1.

[, is the line with the following properties.
* [, passes through 4
* [, is perpendicular to /,

e [, is parallel to IT

(¢) Find, in vector form, the equation of /,.
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19 In this question you must show detailed reasoning.

Find a vector v which has the following properties.

e [t is a unit vector.
e [t is parallel to the plane 2x+2y+z = 10.
e [t makes an angle of 45° with the normal to the plane x+z = 5. [8]

e o (3)

@ It is a unit vector.

=2 (vl=
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=  aZihkitc =1 (1) (tince we contquae oo g

@ It is parallel to the plane 2x+2y+z = 10.
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2
= AV <7>:O
\

@ It makes an angle of 45° with the normal to the plane x+z = 5.
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20 The point P (4, 1, 0) is equidistant from the plane 2x+y+2z = 0 and the line al =2 =2

where b > 0. 2 b 3

Determine the value of b. [10]

OC}SEad\CQ (fmm P@[f/\% —l_OP(-@\"\e\

lb.n—p|

The distance between a point and a plane is D = , where b is the position vector of the point and the

[n]

equation of the plane is given by r.n =p
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21 The plane II has equation 2x —y+ 2z = 4. The point P has coordinates (8, 4, 5).

(a) Calculate the shortest distance from P to II. [2]

-2 +
The line L has equation Al % Z+3

3 4 -
(b) Verify that P lies on L. [2]
(¢) Find the coordinates of the point of intersection of L and II. [3]
(d) Determine the acute angle between L and II. (4]
(e) Use the results of parts (b), (¢) and (d) to verify your answer to part (a). [3]

Ib.n—pl|

6L> The distance between a point and a plane is D = , where b is the position vector of the point and the

In|

equation of the plane is given by r.n = p
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The points P, Q and R have coordinates (0, 2, 3), (2, 0, 1) and (1, 3, 0) respectively.

The acute angle between the line segments PQ and PR is 6.

(a) Show that sin§ = =-/22. 3]

The triangle POR lies in the plane I1.
(b) Determine an equation for I7, giving your answer in the form ax+by+cz = d, where a, b, ¢
and d are integers. [3]

The point S has coordinates (5, 3, —1).

(¢) By finding the shortest distance between S and the plane I7, show that the volume of the

tetrahedron PORS is 13—4

[The volume of a tetrahedron is % x area of base x perpendicular height] [4]

The tetrahedron PORS is transformed to the tetrahedron P'Q'R’S’ by a rotation about the y-axis.
The x-coordinate of S” is 2+/2.

(d) By using the matrix for a rotation by angle 6 about the y-axis, as given in the Formulae
Booklet, determine in exact form the possible coordinates of R’. [5]
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23 A 3-D coordinate system, whose units are metres, is set up to model a construction site. The
construction site contains four vertical poles P, P,, P, and P,. The floor of the construction site is
modelled as lying in the x-y plane and the poles are modelled as vertical line segments. One end of
each pole lies on the floor of the construction site, and the other end of each pole is modelled by
the points (0, 0, 18), (12, 14, 20), (0, 11, 7) and (18, 2, 16) respectively.

A wire, S, runs from the top of P, to the top of P,. A second wire, 7, runs from the top of P, to the
top of P,. The wires are modelled by straight lines segments. The layout of the construction site is
illustrated on the diagram below which is not drawn to scale.

(12, 14,20)
| (18,2,16)

(0,0, 18)

(12, 14, 0)

[ ]
(18,2,0)

A vector equation of the line segment that represents the wire S is given by

0 6
r=|0(+A|7],0<A<2.
18 1

(a) Find, in the same form, a vector equation of the line segment that represents the wire 7. The
components of the direction vector should be integers whose only positive common factor is 1.

2]
For the construction site to be considered safe, it must pass two tests.
Test 1: The wires S and 7 need to be at least 5 metres apart at all positions on S and 7.

(b) By using an appropriate formula, determine whether the construction site passes Test 1. [2]

A security camera is placed at a point QO on wire S.

Test 2: To ensure sufficient visibility of the construction site, the distance between the security
camera and the top of P; must be at least 19 m.

(¢) Determine whether it is possible to find point O on § such that the construction site passes
Test 2. [3]
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24 The coordinates of the points 4 and B are (3, —2, —1) and (13, 10, 9) respectively.
* The plane /], contains 4 and the plane /], contains B.
e The planes /7, and [], are parallel.
 The x and y components of any normal to plane /7, are equal.
e The shortest distance between [7, and [], is 2.

There are two possible solution planes for /7, which satisfy the above conditions.

Determine the acute angle between these two possible solution planes. [8]
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The plane [7, contains 4 and the plane /7, contains B.
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The x and y components of any normal to plane /7, are equal.
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The shortest distance between /7, and [/, is 2.
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