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Q1.

2

1 Find the value of the constant c for which the line y = 2x + c is a tangent to the curve y2 = 4x. [4]

2

The diagram shows the curve y = 3x
1
4. The shaded region is bounded by the curve, the x-axis and

the lines x = 1 and x = 4. Find the volume of the solid obtained when this shaded region is rotated
completely about the x-axis, giving your answer in terms of π. [4]

3 Prove the identity
1 − tan2 x
1 + tan2 x

≡ 1 − 2 sin2 x. [4]

4 Find the real roots of the equation
18
x4 + 1

x2 = 4. [4]

5

In the diagram, OAB is a sector of a circle with centre O and radius 12 cm. The lines AX and BX are
tangents to the circle at A and B respectively. Angle AOB = 1

3π radians.

(i) Find the exact length of AX, giving your answer in terms of
√

3. [2]

(ii) Find the area of the shaded region, giving your answer in terms of π and
√

3. [3]
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Q2.


2

1 A curve is such that
dy

dx
=

6

x2
and !2, 9" is a point on the curve. Find the equation of the curve. [3]

2 Find the coefficient of x2 in the expansion of

(i)

#
2x −

1

2x

$6

, [2]

(ii) !1 + x2"
#
2x −

1

2x

$6

. [3]

3 The straight line y = mx + 14 is a tangent to the curve y =
12

x
+ 2 at the point P. Find the value of the

constant m and the coordinates of P. [5]

4

A
O

D

CB

X

10�cm

The diagram shows a square ABCD of side 10 cm. The mid-point of AD is O and BXC is an arc of a
circle with centre O.

(i) Show that angle BOC is 0.9273 radians, correct to 4 decimal places. [2]

(ii) Find the perimeter of the shaded region. [3]

(iii) Find the area of the shaded region. [2]

5 It is given that a = sin " − 3 cos " and b = 3 sin " + cos ", where 0# ≤ " ≤ 360#.

(i) Show that a2
+ b2 has a constant value for all values of ". [3]

(ii) Find the values of " for which 2a = b. [4]
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Q3. 

2

1 Given that cos x = p, where x is an acute angle in degrees, find, in terms of p,

(i) sin x, [1]

(ii) tan x, [1]

(iii) tan!90! − x". [1]

2

O

O
A

A

8�cm

6�cm

Fig.�1 Fig.�2

! rad

Fig. 1 shows a hollow cone with no base, made of paper. The radius of the cone is 6 cm and the height
is 8 cm. The paper is cut from A to O and opened out to form the sector shown in Fig. 2. The circular
bottom edge of the cone in Fig. 1 becomes the arc of the sector in Fig. 2. The angle of the sector is
# radians. Calculate

(i) the value of #, [4]

(ii) the area of paper needed to make the cone. [2]

3 The equation of a curve is y =
2

#
!5x − 6"

.

(i) Find the gradient of the curve at the point where x = 2. [3]

(ii) Find $
2

#
!5x − 6"

dx and hence evaluate $

3

2

2
#
!5x − 6"

dx. [4]

4 Relative to an origin O, the position vectors of points A and B are given by

−−→
OA = i + 2j and

−−→
OB = 4i + pk.

(i) In the case where p = 6, find the unit vector in the direction of
−−→
AB. [3]

(ii) Find the values of p for which angle AOB = cos−1
$

1
5

%
. [4]
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Q4a. 


Q4b. 

2

1 Given that cos x = p, where x is an acute angle in degrees, find, in terms of p,

(i) sin x, [1]

(ii) tan x, [1]

(iii) tan!90! − x". [1]

2

O

O
A

A

8�cm

6�cm

Fig.�1 Fig.�2

! rad

Fig. 1 shows a hollow cone with no base, made of paper. The radius of the cone is 6 cm and the height
is 8 cm. The paper is cut from A to O and opened out to form the sector shown in Fig. 2. The circular
bottom edge of the cone in Fig. 1 becomes the arc of the sector in Fig. 2. The angle of the sector is
# radians. Calculate

(i) the value of #, [4]

(ii) the area of paper needed to make the cone. [2]

3 The equation of a curve is y =
2

#
!5x − 6"

.

(i) Find the gradient of the curve at the point where x = 2. [3]

(ii) Find $
2

#
!5x − 6"

dx and hence evaluate $

3

2

2
#
!5x − 6"

dx. [4]

4 Relative to an origin O, the position vectors of points A and B are given by

−−→
OA = i + 2j and

−−→
OB = 4i + pk.

(i) In the case where p = 6, find the unit vector in the direction of
−−→
AB. [3]

(ii) Find the values of p for which angle AOB = cos−1
$

1
5

%
. [4]
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2

1 A curve is such that
dy

dx
=

6

x2
and !2, 9" is a point on the curve. Find the equation of the curve. [3]

2 Find the coefficient of x2 in the expansion of

(i)

#
2x −

1

2x

$6

, [2]

(ii) !1 + x2"
#
2x −

1

2x

$6

. [3]

3 The straight line y = mx + 14 is a tangent to the curve y =
12

x
+ 2 at the point P. Find the value of the

constant m and the coordinates of P. [5]

4

A
O

D

CB

X

10�cm

The diagram shows a square ABCD of side 10 cm. The mid-point of AD is O and BXC is an arc of a
circle with centre O.

(i) Show that angle BOC is 0.9273 radians, correct to 4 decimal places. [2]

(ii) Find the perimeter of the shaded region. [3]

(iii) Find the area of the shaded region. [2]

5 It is given that a = sin " − 3 cos " and b = 3 sin " + cos ", where 0# ≤ " ≤ 360#.

(i) Show that a2
+ b2 has a constant value for all values of ". [3]

(ii) Find the values of " for which 2a = b. [4]
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Q5. 

3

8 Relative to the origin O, the position vectors of the points A, B and C are given by

−−→
OA = ( 2

3
5
) ,

−−→
OB = (4

2
3
) and

−−→
OC = (10

0
6
) .

(i) Find angle ABC. [6]

The point D is such that ABCD is a parallelogram.

(ii) Find the position vector of D. [2]

9 The function f is such that f(x) = 3 − 4 cosk x, for 0 ≤ x ≤ π, where k is a constant.

(i) In the case where k = 2,

(a) find the range of f, [2]

(b) find the exact solutions of the equation f(x) = 1. [3]

(ii) In the case where k = 1,

(a) sketch the graph of y = f(x), [2]

(b) state, with a reason, whether f has an inverse. [1]

10 (a) A circle is divided into 6 sectors in such a way that the angles of the sectors are in arithmetic
progression. The angle of the largest sector is 4 times the angle of the smallest sector. Given
that the radius of the circle is 5 cm, find the perimeter of the smallest sector. [6]

(b) The first, second and third terms of a geometric progression are 2k + 3, k + 6 and k, respectively.
Given that all the terms of the geometric progression are positive, calculate

(i) the value of the constant k, [3]

(ii) the sum to infinity of the progression. [2]

11

M

O A
x

y

y x x=�4 –!

The diagram shows part of the curve y = 4
√

x − x. The curve has a maximum point at M and meets
the x-axis at O and A.

(i) Find the coordinates of A and M. [5]

(ii) Find the volume obtained when the shaded region is rotated through 360◦ about the x-axis, giving
your answer in terms of π. [6]
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Q6. 

3

6 Relative to an origin O, the position vectors of points A and B are given by

−−→
OA = i − 2j + 2k and

−−→
OB = 3i + pj + qk,

where p and q are constants.

(i) State the values of p and q for which
−−→
OA is parallel to

−−→
OB. [2]

(ii) In the case where q = 2p, find the value of p for which angle BOA is 90#. [2]

(iii) In the case where p = 1 and q = 8, find the unit vector in the direction of
−−→
AB. [3]

7 The point R is the reflection of the point !−1, 3" in the line 3y + 2x = 33. Find by calculation the
coordinates of R. [7]

8 The volume of a solid circular cylinder of radius r cm is 250$ cm3.

(i) Show that the total surface area, S cm2, of the cylinder is given by

S = 2$r2
+

500$

r
. #2$

(ii) Given that r can vary, find the stationary value of S. [4]

(iii) Determine the nature of this stationary value. [2]

9 A function f is defined by f!x" =
5

1 − 3x
, for x ≥ 1.

(i) Find an expression for f ′!x". [2]

(ii) Determine, with a reason, whether f is an increasing function, a decreasing function or neither.
[1]

(iii) Find an expression for f −1!x", and state the domain and range of f −1. [5]

10 (a) The first and last terms of an arithmetic progression are 12 and 48 respectively. The sum of the
first four terms is 57. Find the number of terms in the progression. [4]

(b) The third term of a geometric progression is four times the first term. The sum of the first six
terms is k times the first term. Find the possible values of k. [4]

[Question 11 is printed on the next page.]
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Q7. 




3

6

9 cm

O

QP

T

5 cm

In the diagram, the circle has centre O and radius 5 cm. The points P and Q lie on the circle, and the
arc length PQ is 9 cm. The tangents to the circle at P and Q meet at the point T . Calculate

(i) angle POQ in radians, [2]

(ii) the length of PT , [3]

(iii) the area of the shaded region. [3]

7

x cm

r cm

A wire, 80 cm long, is cut into two pieces. One piece is bent to form a square of side x cm and the
other piece is bent to form a circle of radius r cm (see diagram). The total area of the square and the
circle is A cm2.

(i) Show that A = (π + 4)x2 − 160x + 1600
π . [4]

(ii) Given that x and r can vary, find the value of x for which A has a stationary value. [4]

8 The equation of a curve is y = 5 − 8
x

.

(i) Show that the equation of the normal to the curve at the point P (2, 1) is 2y + x = 4. [4]

This normal meets the curve again at the point Q.

(ii) Find the coordinates of Q. [3]

(iii) Find the length of PQ. [2]
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Q8. 

4

10 The function f is defined by f : x !→ 2x2 − 12x + 13 for 0 ≤ x ≤ A, where A is a constant.

(i) Express f(x) in the form a(x + b)2 + c, where a, b and c are constants. [3]

(ii) State the value of A for which the graph of y = f(x) has a line of symmetry. [1]

(iii) When A has this value, find the range of f. [2]

The function g is defined by g : x !→ 2x2 − 12x + 13 for x ≥ 4.

(iv) Explain why g has an inverse. [1]

(v) Obtain an expression, in terms of x, for g−1(x). [3]

11

O
x

y

A

C

B

D

y x x x= – 6 +�93 2

The diagram shows the curve y = x3 − 6x2 + 9x for x ≥ 0. The curve has a maximum point at A and a
minimum point on the x-axis at B. The normal to the curve at C (2, 2) meets the normal to the curve
at B at the point D.

(i) Find the coordinates of A and B. [3]

(ii) Find the equation of the normal to the curve at C. [3]

(iii) Find the area of the shaded region. [5]
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Q9. 

4

9

O
x

y

A

B

y x=�( – 2)
2

y x+�2 =�7

The diagram shows the curve y = (x − 2)2 and the line y + 2x = 7, which intersect at points A and B.
Find the area of the shaded region. [8]

10 The equation of a curve is y = 1
6(2x − 3)3 − 4x.

(i) Find
dy

dx
. [3]

(ii) Find the equation of the tangent to the curve at the point where the curve intersects the y-axis.
[3]

(iii) Find the set of values of x for which 1
6(2x − 3)3 − 4x is an increasing function of x. [3]

11 The function f : x "→ 4 − 3 sin x is defined for the domain 0 ≤ x ≤ 2π.

(i) Solve the equation f(x) = 2. [3]

(ii) Sketch the graph of y = f(x). [2]

(iii) Find the set of values of k for which the equation f(x) = k has no solution. [2]

The function g : x "→ 4 − 3 sin x is defined for the domain 1
2π ≤ x ≤ A.

(iv) State the largest value of A for which g has an inverse. [1]

(v) For this value of A, find the value of g−1(3). [2]
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