ThMA M3IE1 04 Cut-off date 26 September 1996

Chuestions 1 to 5 are on Number Theory,
Questions 6 to 9 are on Mathematical Logic.

Cuestion 1T (Umt 7) - 15 marks

{t} Determine the simple continued fraction of 11576 and hence obtain the general
solution of the lincar Diophantine cquation

1k5e — Ty = 2.
(i} Dedermine the infinite contioned feaction of

4414
T

{1} Write down the convergents Oy 0y, Oy, ... O of the infinite contimwed fraction
a=1[1,21.4.1.0%61,85,...| and, without using a calculator, determine the least
vadue of 7 for which | — C,] < 0.001, justifying vour answer.

Question 2 (Tt 77 - 10 marks

In thizs question we investizate the problem: 'Find sguares {greater than 9) which
remain squares when their final (units) digit is removed’. For example, 49 is such a
mgrnber because it 15 o square and 5o too is 4, which i=s what remains when the finad
digit (%) is removed, Likewise 169{= 13%) becomes 16{= 47) when its final digit is
e,

Suppeose that on removing the final digit & of the sguare m? we are left with square

nd

(il Show that m* = 10 + k&, and deduce that
E1) ic
S § [ (o S
T

(i) Consider the case when & = 1. Explain how, for thiz case, oue of the theorems
T
of Unit 7 allows us to deduce that I—: 1% necessanly a convergent of 100

(iii] Find two solutionz of the posed problerm i which &, the removed hoal digit,
i 1. (You may assume that the continued fraction of +/10 is [3. (6.}

{iv) Multiplying through the equation m® = 10n® 4+ 1 by &% gives
{md}? = 10(nd)* 4 4*

By choosing approprate wvaloes of J bnd, fom eech of your solutionz in
parl (iii}, two further solutions to the posed problem (thus giving four new
solutions ).

Question 3 (Unit &) 10 marks
{i) Find three positive solutions of the Diophantine equation
e T
(You may assume that the contineed fraction of /6 is [2, {2, 4)].)
{ii) From the solutions in part (1) find three positive solutions of the Diophantine

aqation
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