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1  This question concerns curves with equation
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for various values of @ and #.

(i) For the case n = 1, sketch the curves when a = 2, @ = 3 and a = 4. Describe two common features of
these three curves. [6]

(ii) For the case n = 1 and a = 3, find the number of stationary points and identify their nature, justifying
your answers. [5]

(iii) For the case a = 3, sketch the curves when n = 2 and n = 3. [4]
(iv) Given that a > 0, find the equations of the asymptotes for each of the cases n =2 and n = 3. For

any non-vertical asymptotes, state whether they are approached from above or below, justifying your
answers. [8]

2 (i) The function f is defined by f(z) = z* + (2 —2i)z* + (7 —12i)z+6— 10i. Solve the equation f(z) =0

and plot the roots as points on an Argand diagram.

Show that these points lie on a straight line. [6]
(ii) Find the roots of f'(z) = 0. Plot these roots on the Argand diagram drawn in part (i).

Show that the roots of f'(z) = 0 lie on the same straight line as the roots of f(z) = 0. [6]
(iii) The function g is defined by g(z) = z° — (k+ 1)az* + ka*z where a € C, k € R.

Show that the roots of g(z) = 0 lie on a straight line.

Show that the roots of g’(z) = 0 lie on this same line. [8]
(iv) Now consider a function h which is a cubic with real coefficients. Identify the two distinct conditions

under which the roots of h(z) = 0 lie on a straight line in the Argand diagram. Give, in expanded form,
an example of such a cubic for each case. [5]
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3 This question concerns Pythagorean triples: positive integers a, b and ¢ such that a” +b5* = ¢*. The integer n
is defined by ¢ = b+n.

(i) Create a program that will find all such triples for a given value of n, where both a and b are less than
or equal to a maximum value, m. You should write out your program in full.

For the case n = 1, find all the triples with 1 < a < 100 and 1 < b < 100.

For the case n = 3, find all the triples with 1 < a <200 and 1 < b < 200. 9]
(ii) For the case n = 1, prove that there is a triple for every odd value of @ where a > 1. [4]
(iii) For the case n = p, where p is prime, show that a must be a multiple of p. 13]
(iv) For the case n = b, determine whether there are any triples. 4]

(v) Edit your program from part (i) so that it will only find values of @ and b where b is not a multiple of .
Indicate clearly all the changes to your program.

Use the edited program to find all such triples for the case » =2 with 1 <a <100 and 1 < b < 100.

[4]

END OF QUESTION PAPER
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