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Section A (36 marks)
1  Express 4 cos 0 — sin 6 in the form R cos(6 + ), where R >0 and 0 < @ < %n

Hence solve the equation 4cos 6 —sin 6 = 3, for 0 < 6 < 27. [7]

X

(x+1)(2x+1)dx' 71

2 Using partial fractions, find J

d
3 A curve satisfies the differential equation ay = 3x2y, and passes through the point (1, 1). Find y in

terms of x. (4]

4  The part of the curve y =4 — x? that is above the x-axis is rotated about the y-axis. This is shown in
Fig. 4.

Find the volume of revolution produced, giving your answer in terms of 7. [5]

» X
K_/
Fig. 4
5 A curve has parametric equations
£ a
X=at, = T 5>
VI
where a is a constant.
dy -2
Show that — = ————.
dx  31#(1+1?)?
Hence find the gradient of the curve at the point (a, %a). [7]
6  Given that cosec’ 6 — cot 0 = 3, show that cot?’0—cotf—2=0.
Hence solve the equation cosec’ 0 —cot 6 = 3 for 0° < 6 < 180°. [6]
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Section B (36 marks)
When a light ray passes from air to glass, it is deflected through an angle. The light ray ABC starts
at point A (1, 2, 2), and enters a glass object at point B (0, 0, 2). The surface of the glass object is a

plane with normal vector n. Fig.7 shows a cross-section of the glass object in the plane of the light
ray and n.

Fig. 7

(i) Find the vector E and a vector equation of the line AB. [2]

The surface of the glass object is a plane with equation x + z = 2. AB makes an acute angle 6 with the
normal to this plane.

(ii) Write down the normal vector n, and hence calculate 0, giving your answer in degrees. [5]
0 -2

The line BC has vector equationr = | O | + 1 | =2 |. This line makes an acute angle ¢ with the
normal to the plane. 2 -1

(iii) Show that ¢ = 45°. [3]

(iv) Snell’s Law states that sin 8 = k sin ¢, where k is a constant called the refractive index. Find k.

[2]

The light ray leaves the glass object through a plane with equation x + z = —1. Units are centimetres.

(v) Find the point of intersection of the line BC with the plane x + z = —1. Hence find the distance
the light ray travels through the glass object. [5]

[Question 8 is printed overleaf.]
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8 Archimedes, about 2200 years ago, used regular polygons inside and outside circles to obtain
approximations for 7.

(i) Fig.8.1 shows a regular 12-sided polygon inscribed in a circle of radius 1 unit, centre O. AB
is one of the sides of the polygon. C is the midpoint of AB. Archimedes used the fact that the
circumference of the circle is greater than the perimeter of this polygon.

Fig. 8.1
(A) Show that AB = 2sin 15°. [2]
(B) Use a double angle formula to express cos 30° in terms of sin 15°. Using the exact value of
cos 30°, show that sin 15° = % 2-+/3. [4]

(C) Use this result to find an exact expression for the perimeter of the polygon.
Hence show that 7 > 6y/2 — v/3. [2]

(ii) In Fig. 8.2, a regular 12-sided polygon lies outside the circle of radius 1 unit, which touches each
side of the polygon. F is the midpoint of DE. Archimedes used the fact that the circumference of
the circle is less than the perimeter of this polygon.

Fig. 8.2

(A) Show that DE = 2 tan 15°. [2]

(B) Lett=tan15°. Use a double angle formula to express tan 30° in terms of ¢.

Hence show that 7> + 2v/37— 1 = 0. [3]
(C) Solve this equation, and hence show that & < 12(2 - \/5) (4]

(iii) Use the results in parts (i)(C) and (ii)(C) to establish upper and lower bounds for the value of 7,
giving your answers in decimal form. [2]
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1  Onlines 90 and 91, the article says “The average score for each player works out to be 0.25 points
per round”. Derive this figure. [2]

2 Line 47 gives the inequality b > ¢ > d > w.

Interpret each of the following inequalities in the context of the example from the 1st World

‘War.
G b>w [1]
(i) c>d [1]
() et e e e e e ea———e et a————e et e eea——eerta——eerta——etrr——errr—————-
[ 1 TN

3  Table 3 illustrates a possible game where you always co-operate. In lines 98 and 99 the article
says “Clearly the longer the game goes on the closer your average score approaches —2 points
per round and that of your opponent approaches 3.”

How many rounds have you played when your average score is —1.999? [3]
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A Prisoner’s Dilemma game is proposed in which
b=6, ¢c=1, d=-1 and w=-3.

Using the information in the article, state whether these values would allow long-term
co-operation to evolve. Justify your answer. [2]

In a Prisoner’s Dilemma game both players keep strictly to a Tit-for-tat strategy. You start with
C and your opponent starts with D. The scoring systemof b=3,c=1,d=—-1and w = -2 is
used.

(i) This table shows the first 8 out of many rounds. Complete the table. [3]

Round You Opponent Your score Opponent’s score

1 C D

(ii) Find your average score per round in the long run. [2]

For
Examiners
Use
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6 In the article, the scoring systemisb=3,c=1,d=-1and w = -2. Use

In Axelrod’s experiment, negative numbers were avoided by taking b =5,c=3,d=1and w=0.

State the effect this change would have on
(i) the players’ scores, [1]

(ii) who wins. [1]

7  Two companies, X and Y, are the only sellers of ice cream on an island. They both have a market
share of about 50%. Although their ice cream is much the same, both companies spend a lot of
money on advertising.

(i) What agreement might the companies reach if they decide to co-operate? [1]

(i) What advantage would a company hope to gain by ‘defecting’ from this agreement? [1]
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