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Cuestions 1 to 5 are on Number Theaory.
Chiestions 6 Lo & are on Mathematical Logic.

MNumber Theory

Question 1 (Unit 1) 10 marks

Use mathematical induction to prove that the following formula holds for all integers
b
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Cuestion: 2 [Unit 1) - [0 marks
Use the Fuclidean Algorithm to determine integers o« and i such thal
{235, 408) = Zi8x + 408y,
Write down the general solution of this linear Diophantine equation s find the
particular solution in which = takes its Joast positive wlue. [18]
Ouestion 3 (Unit 1} 12 marks
Let f be the function defined for all integers n 2> 1 by the following rule:
it e
-, if n is even.
fin) =
1
i if # iz odd,
2
Starting at any positive integer a, consider the sequence
a, fla),  Sf{flay), FOAFla))),
where the function [ is used to determine each term from its predecessor. For
example, with & = 11 we get the sequence
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A well-known (but as yet unproved ] conjecture claims that no matter what positive
integer @ we start from, the resulting sequence will contain the term 1 (and henee
will have tail 1, 2, 1, 2. 1, 2, 1, .2, ...}
(i) Confirm the truth of this conjecture for all values of a up to and including 10. [2]
{ii) Explain why the conjecture is true for integers a = 28 where & is any positive
inbasger, [2]
{iii] Prove that 2% — 1 iz divisible by 3, for any integer & > 1. Hence show that
. ; T F
thr comjecture = troe for all positive integers g = T [5]
{iv) Suppose that it i possible to prove that, no matter what a > 1 we start from,
the resulting sequence will contain a term smaller than . Explain briefly how
mathematical induction could then be nsed to prove the original conjecture
generally from this supposed Fact. [#



