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Section A (54 marks)

Answer all the questions

d
1 (a) Given that y = arctan/x, find ay, giving your answer in terms of x. Hence show that

1
1 14
J; \/J—c(x+1)dx_§' L6]

(b) A curve has cartesian equation

X +y?=xy+1.

(i) Show that the polar equation of the curve is

2
2

- 4
T T 2 sin26 [4]

(ii) Determine the greatest and least positive values of r and the values of 6 between 0 and 27
for which they occur. [6]

(iii) Sketch the curve. [2]

2 (a) Use de Moivre’s theorem to find the constants a, b, ¢ in the identity

cos560 = acos’0 +bcos> 0 + ¢ cos 6. [6]
(b) Let
21 4n 2n-2)m
C:cosO+cos(9+ —) +cos(9+ —) + ... +cos(9+ &),
n n n
2 4 2n-2
and S =sin0O + sin(9+ _n) + sin(9+ _n) + ...+ sin(@ + u),
n n n
where 7 is an integer greater than 1.
By considering C + jS, show that C =0 and S = 0. [71
(¢) Write down the Maclaurin series for e’ as far as the term in 7>
Hence show that, for 7 close to zero,
t
~1-1t. [S]
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3 (i) Find the inverse of the matrix
1 1 a
2 -1 2
3 -2 2
where a # 4.
Show that when a = —1 the inverse is
2 0 1
1 _
5 2 5 4
-1 5 -3

(ii) Solve, in terms of b, the following system of equations.

X+ y—- z=-2
2x— y+2z=b
3x-2y+2z=1

(iii) Find the value of b for which the equations
X+ y+4z=-2
2x— y+2z=b
3x-2y+2z=1

have solutions. Give a geometrical interpretation of the solutions in this case.

Section B (18 marks)
Answer one question
Option 1: Hyperbolic functions

4 (i) Prove, using exponential functions, that

cosh2x = 1 + 2sinh’x.

Differentiate this result to obtain a formula for sinh 2.x.

(ii) Solve the equation
2 cosh2x + 3 sinhx = 3,

expressing your answers in exact logarithmic form.

(iii) Given that cosht = %, show by using exponential functions that # = +1n 2.

Find the exact value of the integral

5
1
—dx.
L Vx? - 16
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Option 2: Investigation of curves
This question requires the use of a graphical calculator.

5 Aline PQis of length k (where k£ > 1) and it passes through the point (1, 0). PQ is inclined at angle 6
to the positive x-axis. The end Q moves along the y-axis. See Fig. 5. The end P traces out a locus.

y
A
P
0 » X
0] 1
Q
Fig. 5
(i) Show that the locus of P may be expressed parametrically as follows. [3]

x=kcosH y=ksinf —tan 0
You are now required to investigate curves with these parametric equations, where k£ may take any
non-zero value and -1z < 6 < 17
(ii) Use your calculator to sketch the curve in each of the cases k=2, k=1, k = % and k=-1. [4]
(iii) For what value(s) of k does the curve have

(A) an asymptote (you should state what the asymptote is),

(B) acusp,

(C) aloop? [3]
(iv) For the case k = 2, find the angle at which the curve crosses itself. [2]
(v) For the case k = 8, find in an exact form the coordinates of the highest point on the loop. [31

(vi) Verify that the cartesian equation of the curve is

2
v, 3
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