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INSTRUCTIONS TO CANDIDATES

* Do not open this examination paper until instructed to do so.

* Answer all the questions.

* Unless otherwise stated in the question, all numerical answers must be given exactly or correct
to three significant figures.
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Please start each question on a new page. Full marks are not necessarily awarded for a correct answer
with no working. Answers must be supported by working and/or explanations. In particular, solutions
found from a graphic display calculator should be supported by suitable working, e.g. if graphs are used to
find a solution, you should sketch these as part of your answer. Where an answer is incorrect, some marks
may be given for a correct method, provided this is shown by written working. You are therefore advised
to show all working.

1.

[Maximum mark: 8]

Sameer is trying to design a road system to connect six towns, A, B, C, D, E and F.
The possible roads and the costs of building them are shown in the graph below.
Each vertex represents a town, each edge represents a road and the weight of each edge
is the cost of building that road. He needs to design the lowest cost road system that
will connect the six towns.

(a) Name an algorithm which will allow Sameer to find the lowest cost road system. [1 mark]

(b) Find the lowest cost road system and state the cost of building it. Show clearly
the steps of the algorithm. [7 marks]

[Maximum mark: 14]

(a) Use the Euclidean algorithm to find ged (12306, 2976). [5 marks]

(b) Hence give the general solution to the diophantine equation 12306x+2976y =996. [9 marks]
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3.  [Maximum mark: 19]

The adjacency matrix of the graph G, with vertices P, Q, R, S, T is given by:

PQRST
P(O 2 1 10
Q2 1 1 1 0
Rf1 1 1 0 2
SI|1 1 0 0 0
TILO0O 0 2 0 0
(a) Draw the graph G. [3 marks]
(b) (1) Define an Eulerian circuit.
(1))  Write down an Eulerian circuit in G starting at P. [3 marks]
(c) (i) Define a Hamiltonian cycle.
(i1) Explain why it is not possible to have a Hamiltonian cycle in G. [5 marks]

(d) (1) Find the number of walks of length 5 from P to Q.

(1))  Which pairs of distinct vertices have more than 15 walks of length 3
between them? [8 marks]

4.  [Maximum mark: 10]

Two mathematicians are planning their wedding celebration and are trying to arrange
the seating plan for the guests. The only restriction is that all tables must seat the same
number of guests and each table must have more than one guest. There are fewer than
350 guests, but they have forgotten the exact number. However they remember that
when they try to seat them with two at each table there is one guest left over. The same
happens with tables of 3, 4, 5 and 6 guests. When there were 7 guests per table there
were none left over. Find the number of guests.
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5.  [Maximum mark: 9]

(a) Using Fermat’s little theorem, show that, in base 10, the last digit of » is always
equal to the last digit of n°. [7 marks]

(b)  Show that this result is also true in base 30. [2 marks]
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