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Question 1
[Maximum mark: 7]

The plane IT has the Cartesian equation 2x +y + 2z =

'3 1
The line L has the vector equation r =| =5 |+ u| -2 |, u, p €R. The acute angle between
I P

the line L and the plane I1is 30°.

Find the possible values of p.

Question 2
[Maximum mark: 19]

1
Consider the line L, defined by the Cartesian equation % =y=3-2z.
(@) (i) Show that the point (-1, 0, 3) lieson L,.

(i)  Find a vector equation of L, .

0 a
Consider a second line L, defined by the vector equation r=| 1 |+¢] 1 |,
2 -1

where te Rand a € R.
(b) Find the possible values of @ when the acute angle between L, and L, is 45°.
It is given that the lines L, and L, have a unique point of intersection, A, when a = k.

(c) Find the value of k, and find the coordinates of the point A in terms of a.

[4]

(8]

[7]



Question 3
[Maximum mark: 4]

3 3
It is given that cosect =E , Where §< 0 < ?n . Find the exact value of cot 6.

Question 4
[Maximum mark: 8]

(@)
(b)

Hence or otherwise, solve sin2x + cos2x — 1 +cosx —sinx =0 for 0 <x < 27m.

Question 5

[Maximum mark: 19]

The following diagram shows the graph of y = arctan(2x+ 1)-&-E for x € R, with asymptotes

at y:—% and y=—.

(a)

(b)

(c)

(d)

3n
4

Show that sin2x + cos2x — 1 = 2sinx(cosx — sinx).

Describe a sequence of transformations that transforms the graph of y = arctan x to the

graph of yzarctan(2x+1)+% forx e R.

Show that arctan p +arctang = arc-‘[an[ p

+q
1-pq

]wherep,q>0 and pg<1.

B

Verify that arctan(2x+1)= arctan[\‘)+?T forxeR, x>0.

x+1

Using mathematical induction and the result from part (b), prove that

L 1 n
Zarctan - = arctan
r=1 2r

n+1

JforneZ+.
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Question 6

[Maximum mark: 8]

The lines /, and 7, have the following vector equations where 4, u € R.

3 2

Lin=| 2 |+&]| =2

-1 2

2 1

L.r,=|0[+u|-1

4 1
(a) Show that /, and 7, do not intersect. [3]
(b)  Find the minimum distance between /, and /,. [5]

Question 7
[Maximum mark: 7]

The following diagram shows triangle ABC, with AB =10, BC =x and AC = 2x.

diagram not to scale

10

2x

~ 3
Given that cosC = Z , find the area of the triangle.

g

Give your answer in the form 5 where p,q € 7.".

Question 8
[Maximum mark: 4]

Given any two non-zero vectors, @ and b, show that |a x b|* = |a|’ |b" - (a - b)*.



Question 9

[Maximum mark: 7]

Solve the equation 2cos’x + Ssinx =4, 0 < x < 27.

Question 10

[Maximum mark: 7]

2 — P
() Showthst 2x—3——2 -2 "33 _ R yei. 2]
x—1 x—1
(b) Hence or otherwise, solve the equation 2sin26 —3—# =0for0<O<m, 6= T [5]
sin 26 —1 4
Question 11

[Maximum mark: 15]
Consider the three planes

II,:2x-y+z=4

11, : x — Zisdasb

D)y 1+ F0 - — 32
(@) Show that the three planes do not intersect. [4]

(b) (i) Verify that the point P(1, -2, 0) lies on both [], and I1,.
(i)  Find a vector equation of L, the line of intersection of [], and [,. [5]

(c) Find the distance between L and [1,. [6]
Question 12

[Maximum mark: 7]

Consider the functions f(x) = J3sinx+cosx where 0 <x < and g(x)=2x where x € R.
(@) Find (feg)(x). (2

(b) Solve the equation (o g)(x) =2cos2x where 0 <x <. [5]



Question 13

[Maximum mark: 5]

Find the least positive value of x for which cos i+E S
2 3) 2

1

Question 14

[Maximum mark: 20]

The function £ is defined by f(x) = cos’x — 3sin’x, 0 <x < 7.

(@)
(b)

(c)

(d)

Find the roots of the equation f(x)=0.

(i) Find f'(x).

(i)  Hence find the coordinates of the points on the graph of y = f(x) where f'(x) =0.

Sketch the graph of vy =| f(x)|, clearly showing the coordinates of any points
where f'(x) =0 and any points where the graph meets the coordinate axes.

Hence or otherwise, solve the inequality | /' (x)| > 1.

Question 15
[Maximum mark: 5]

Let a be a constant, where a > 1.

(@)

2_ o 2 2
Stiow that a? + € D] W& 1.
2 2

2
Consider a right-angled triangle with sides of length a, (a = lj and (

(b)

Find an expression for the area of the triangle in terms of a.

a’ +1

2

J_

[5]

[7]

[4]

[4]

(3]

(2]



Question 16
[Maximum mark: 7]

Consider a circle with a diameter AB, where A has coordinates (1,4, 0) and B has
coordinates (-3, 2, -4).

(a) Find

(i) the coordinates of the centre of the circle;

(i)  the radius of the circle. [4]
The circle forms the base of a right cone whose vertex V has coordinates (-1, -1, 0).

diagram not to scale

(b)  Find the exact volume of the cone. [3]



Question 17

[Maximum mark: 21]

Two lines, L, and L,, intersect at point P. Point A (27, 8, 3), where 7> 0, lieson L,. This is
shown in the following diagram.

Lz
A
P
T
The acute angle between the two lines is 5
1 2t

The direction vectorof L, is | 1 |, and PA=| 0
+

(a)
(b)
(c)

—

0 3

Show that 47 =10/> +12¢+18 .

Find the value of 7.

t

Hence or otherwise, find the shortest distance from A to L,.

Aplane, II, contains L, and L,.

(d)

Find a normal vector to I71.

diagram not to scale

The base of a right cone lies in I1, centred at A such that L, is a tangent to its base. The
volume of the cone is 90n\/§ cubic units.

(€)

Find the two possible positions of the vertex of the cone.

[4]
[4]
[4]

[2]

[7]



Question 18
[Maximum mark: 6]

The function f is defined by f(x) =singx, where ¢ > 0. The following diagram shows part of
the graph of f for 0 <x < 4m, where x is in radians. There are x-intercepts at x =0, 2m and 4m.

.v
471
. AN
o=
1L 1] L e e e
0 | | | | X
1 m 2Wn' - Sm 6m
e !
_4..
(a) Find an expression for m in terms of ¢. [2]

. 2ax
The function g is defined by g(x)= SSm%, for 0 <x < 6m.

(b) On the axes above, sketch the graph of g. [4]




Question 19
[Maximum mark: 6]

Solve cos2x =sinx, where -t <x <.

Question 20

[Maximum mark: 9]

The following diagram shows parallelogram OABC with OA =a, OC=c¢ and |c|=2]a],
where |a|#0.

0] C

The angle between OA and OC is 8, where 0 < < 7.
Point M is on [AB] such that AM =k AB, where 0<k<1 and OT\/I-N?C=O.
(a) Express OM and MC in terms of @ and c. [2]

(b) Hence, use a vector method to show that |a|* (1 — 2k) (2 cosf—(1- Zk)) =iy, 3]

(c) Find the range of values for 6 such that there are two possible positions for M. [4]



Question 21

[Maximum mark: 6]
The following diagram shows a circle with centre O and radius 4cm.

diagram not to scale

The points P, Q and R lie on the circumference of the circle and POR = 6, where 6 is
measured in radians.

The length of arc PQR is 10cm.

(a) Find the perimeter of the shaded sector. [2]
(b) Find 6. [2]
(c) Find the area of the shaded sector. [2]

Question 22
[Maximum mark: 6]

In the following triangle ABC, AB = J6 em, AC = 10cm and cos BAC :é.

diagram not to scale

\/gCI’l’l

10cm

Find the area of triangle ABC.



Question 23

[Maximum mark: 19]

The plane 11, has equation 2x + 6y — 2z=5.
(a) Verify that the point A[2,%,1J lies on the plane 11, .

The plane I1, is given by (& — 6)x + (2k +3)y +pz=q, where p, g,k € R and p=0.

(b)  In the case where p =—6, 11, is perpendicular to 11
Find the value of k£ and the value of g.

, and A lieson I1,.

For parts (c), (d) and (e) it is now given that I, is parallel to I1, with k= 3.

(c) Determine the value of p.
. . 51
It is also given that g =  Sh

The line through A that is perpendicular to II, meets 11, at the point B.

(d) (i) Find the coordinates of B.

(i)  Hence, show that the perpendicular distance between 11, and 11, is \/ﬁ

(e) Find the equation of a third parallel plane II, which is also a perpendicular distance
of V11 from I1,.

(1]

(3]

(2]

[7]

(4]



Question 24

[Maximum mark: 7]

Quadrilateral OABC is shown on the following set of axes.

}:

O A

OABC is symmetrical about [OB].

A has coordinates (6, 0) and C has coordinates (3, 3\/3:) :
(a) (i) Write down the coordinates of the midpoint of [AC].

(i)  Hence or otherwise, find the equation of the line passing through the points O
and B . [4]

(b) Given that [OA] is perpendicular to [AB], find the area of the quadrilateral OABC . [3]

Question 25
[Maximum mark: 4]

Solve tan(2x — 5°) =1 for 0° <x < 180°.



Question 26

[Maximum mark: 8]

Points A and B lie on the circumference of a circle of radius rcm with centre at O.

The sector OAB is shown on the following diagram. The angle AOB is denoted as 6 and is
measured in radians.

diagram not to scale

O

The perimeter of the sector is 10cm and the area of the sector is 6.25 cm®.
(@) Show that 4/* —20r +25=0.

(b) Hence, or otherwise, find the value of » and the value of 6.

Question 27

[Maximum mark: 9]

51 = 2n+1

(a) Prove that tan[ﬂ—j]zsmzil, where 6 iu, nel.
cos

(b) Hence, or otherwise, solve — = \/5 for 0 <x<2m.

COSXx

[4]
[4]

[6]

[3]



Question 28

[Maximum mark: 8]

The following diagram shows two points A and B such that OA=a, OB=5.

B

The point P lies on (AB) so that PTP:APTB where 0 <A< 1.
(a) Show that OP =(1-—2)a+Ab.
Itis given that |a|=1, |b|=2 and a-b:;.

-> -
(b) Inthe case that OP is perpendicular to AB, find the value of A.

[1]

[7]



Question 29

[Maximum mark: 6]

The following diagram shows triangle ABC, where AB =4cm, BC =6cm, AC =5cm and
ABC=1286.

diagram not to scale

Find the exact value of cos 8, giving your answer in the form & ,Where p, g € Z".

Question 30
[Maximum mark: 5]
Points A and B lie on a circle with centre O and radius rcm, where AOB = 1.5 radians.
This is shown on the following diagram.

diagram not to scale

The area of sector OAB is 48cmn’.
(a) Find the value of r.

(b) Hence, find the perimeter of sector OAB.





