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Section A (36 marks)

1 Express 3 cos θ + 4 sin θ in the form R cos(θ − α), where R > 0 and 0 < α < 1
2
π.

Hence solve the equation 3 cos θ + 4 sin θ = 2 for −π ≤ θ ≤ π. [7]

2 (i) Find the first three terms in the binomial expansion of
1√

1 − 2x
. State the set of values of x for

which the expansion is valid. [5]

(ii) Hence find the first three terms in the series expansion of
1 + 2x√
1 − 2x

. [3]

3 Fig. 3 shows part of the curve y = 1 + x2, together with the line y = 2.

O
x

y

1

2

Fig. 3

The region enclosed by the curve, the y-axis and the line y = 2 is rotated through 360◦ about the y-axis.
Find the volume of the solid generated, giving your answer in terms of π. [5]

4 The angle θ satisfies the equation sin(θ + 45◦) = cos θ .

(i) Using the exact values of sin 45◦ and cos 45◦, show that tan θ = √
2 − 1. [5]

(ii) Find the values of θ for 0◦ < θ < 360◦. [2]

5 Express
4

x(x2 + 4) in partial fractions. [6]

6 Solve the equation cosec θ = 3, for 0◦ < θ < 360◦. [3]
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Section B (36 marks)

7 A glass ornament OABCDEFG is a truncated pyramid on a rectangular base (see Fig. 7). All
dimensions are in centimetres.

O

x

y

z

B (15, 20, 0)
C (15, 0, 0)

D (9, 6, 24)

G (3, 6, 24) F (3, 14, 24)

E (9, 14, 24)

A (0, 20, 0)

Fig. 7

(i) Write down the vectors
−−→
CD and

−−→
CB. [2]

(ii) Find the length of the edge CD. [2]

(iii) Show that the vector 4i + k is perpendicular to the vectors
−−→
CD and

−−→
CB. Hence find the cartesian

equation of the plane BCDE. [5]

(iv) Write down vector equations for the lines OG and AF.

Show that they meet at the point P with coordinates (5, 10, 40). [5]

You may assume that the lines CD and BE also meet at the point P.

The volume of a pyramid is 1
3
× area of base × height.

(v) Find the volumes of the pyramids POABC and PDEFG.

Hence find the volume of the ornament. [4]
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8 A curve has equation

x2 + 4y2 = k2,

where k is a positive constant.

(i) Verify that

x = k cos θ , y = 1
2
k sin θ ,

are parametric equations for the curve. [3]

(ii) Hence or otherwise show that
dy
dx

= − x
4y

. [3]

(iii) Fig. 8 illustrates the curve for a particular value of k. Write down this value of k. [1]

x

y

1

2

Fig. 8

O

(iv) Copy Fig. 8 and on the same axes sketch the curves for k = 1, k = 3 and k = 4. [3]

On a map, the curves represent the contours of a mountain. A stream flows down the mountain. Its
path on the map is always at right angles to the contour it is crossing.

(v) Explain why the path of the stream is modelled by the differential equation

dy
dx

= 4y
x

. [2]

(vi) Solve this differential equation.

Given that the path of the stream passes through the point (2, 1), show that its equation is y = x4

16
.

[6]
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For

Examiner’s
Use1 An additive sequence has third term 5 and fourth term 6. Complete the sequence up to its sixth

term. [2]

, , 5 , 6 , , .

.......................................................................................................................................................

.......................................................................................................................................................

2 The Lucas sequence on line 32 is 2, 1, 3, 4, 7, 11, 18, 29, … .

State, with reasoning, whether the hundredth term will be odd or even. [2]

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

3 On lines 56 and 57 it is stated that the sequence 1, φ , φ2, φ3, φ4, φ5, . . . can be written in the
form 1, φ , φ + 1, 2φ + 1, 3φ + 2, 5φ + 3, . . . .

Write down the next term, φ6, in the form aφ + b where a and b are integers. [1]

.......................................................................................................................................................

.......................................................................................................................................................

4 Find the length of HF in Fig. 3 in surd form, simplifying your answer. [3]

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
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For

Examiner’s
Use5 On lines 84 to 87 it is stated that the equation of the line BD is φy + x = φ and the equation of

the line CF is (φ − 1)y = x − 1.

(i) Write down the gradients of these lines in terms of φ . [2]

(ii) Show that these lines are perpendicular. [2]

(i) Gradient of line BD is ..........................................................................................................

Gradient of line CF is ...........................................................................................................

(ii) ...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

6 On line 90 it is stated that the point Q has coordinates ( φ + 1
2φ − 1

,
φ − 1
2φ − 1

), where φ = 1 + √
5

2
.

Show that the x-coordinate is
5 + 3

√
5

10
. [3]

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

7 The arithmetic sequence a, a + d, a + 2d, a + 3d, . . . is an additive sequence. Prove that a = 0
and d = 0. [3]

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
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