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2 A dogbowl is produced by rotating the region bounded by the curve y =In(x* +1) and the lines x =0,

1 . . I .
x=1and y= 3 fully about the y-axis. By using a substitution # =+/e” —1 or otherwise, find the exact

volume of the material required to produce the dog bowl.

[7]

3 A polar curve has equation » =1+ cos &, where 0 < 8 < . The curve has two points where the gradient

of the curve is —1.

(@)
(b)

(b)

()
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Show that cos @ +cos26 =sind +sin 26 at these two points.

[3]
[3]

Without using a calculator, determine the value of 8 for each of these two points.

It is given that fis a function where f'(x) <0 for x>0.If U, = sz (zj , Where n is a positive
r=l1 n n

integer and / = IOZ f(x) dx, explain with the aid of a sketch, why
e U, <[ forall positive integers n,

o U _=1I.

n—1
Ifv = z%f (zj , state an inequality relating ¥, and / for n>1.

r=0 1 n

By choosing a suitable function f, determine the exact value of

. 1 1 1 1
lim + + +...+— .
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5  The complex number z satisfies |z| < |z +4+ 4i| and éz +1+i]<+/2.
(a) Sketch the locus of z. [3]
(b) Express, in terms of k, the exact minimum value of |iz + k|, where k>0. [2]
(¢) Find the range of values of arg(z+6). [3]
(d) Ifwisacomplex number such that ‘wem - z‘ # 0 for all values of & and z, write down the range

of values of |w| , justifying your answer. [2]
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7 It is given that In(y+1)=1-sinx.
(a) Apply Maclaurin’s Theorem to find the power series for y, up to and including the term in x°. [4]
(b) Given that x is small such that x* and higher powers of x can be neglected, verify the correctness
of your result in part (a) by using standard series from the List of Formulae (MF26). (2]

(¢) Use your series from part (b) to estimate J‘_llel'““" dx in terms of e. [2]

(d) Explain with the aid of a diagram and without any further calculations, if your answer in (c) is an
overestimation or underestimation. [2]

8 (a) Give a sketch of a continuous function that has a real root, but it is not possible to use linear
interpolation to find approximations of this root. [1]

Consider f(x)=x"Inx—1, where x > 0. It has exactly one real root. Linear interpolation is applied to
the initial interval (1, 3), and the first three approximations are x, =1.20228 , x, =1.33937 and

x, =1.42376, given correct to 5 decimal places.

(b) Find the next two approximations, giving your answers correct to 2 decimal places and showing
your workings clearly. Verify that the required accuracy of 2 decimal places has yet to be achieved,
without comparing with the actual value of the root. [4]

For the same function, Newton-Raphson method is now to be applied to find approximations to the root.

(¢) Find the exact set of values of the initial value u, such that the method would converge to the root.
[2]

(d) Obtain a recurrence relation for u,,, the (n+1)" approximation of the root, in terms of u, for

n+l >

positive integers n using Newton-Raphson method. [1]

(e) Use the relation in (d) and an initial approximation u, =1 to find the root, terminating when two

consecutive approximations are the same when rounded off to 2 decimal places. [2]
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11 A bank charges 1% (l > 0) annual interest on a loan of $C taken out by a client. At the end of each year,

the interest is added and then a fixed amount, $R is paid off by the client. Let the amount owed at the
start of yearn be L,.

(a) Showthat L, =alL, ,+b, giving a and b in terms of A and R. [2]

(b) Find the solution of the recurrence relation L, =al, ,+b, with L, =C, giving your solution in

terms of a, b, C and n. [3]

(¢) Deduce from (a) and (b) that R > % for the loan to be able to be repaid. [2]

A client takes out a $50 000 loan at 8% interest.
(d) (@) If R=5000, find the number of years it will take for the loan to be repaid. [3]

(ii) Find the total amount (to the nearest dollar) that the client repays over the lifetime of the loan.

2]
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