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1) Suppose you have a pizza. If you slice the pizza with one straight cut, it divides
the pizza into two pieces. You can cut the pizza any way you like.
If you cut through the pizza again how many pieces do you get?
What about for 3, 4 or 5 cuts?

Can you work out what the maximum numbers of pieces you will have for n cuts?

2) What'’s the next two numbers in the following sequences? Can you work out the nth terms?
a)2,5,10,17, ,

b)1,3,7,15, _,

QWhat is 1+2+....+499+100? Can you guess a formula for the sum of all integers from 1 to n? /
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2) What'’s the next two numbers in the following sequences? Can you work out the nth terms?

a)2,5,10,17, _, ..
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3) What is 1+2+....+499+100? Can you guess a formula for the sum of all integers from 1 to 100? \
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ﬁ)r today’s session the following notation may be helpful:

100 N \
Summation: ’+2+ .. FG7#/00 < kz:lz Zk: [+. .. +~A
=1 kc)
7

Types of sequences:

Explicit sequence: An explicit definition of a sequence is where we write the terms in the form x;, = f(k) where fis a
function.

Recursive sequence: A recursive definition of a sequence is where we write the next term of a sequence in terms of
previous terms. E.g. x;, = f(Xx_1,Xx—2, ... ). A value is given for the first few terms.

\_ /
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Mathematical induction is a method of proof within mathematics. ‘\k
Two key steps:
1) Show the statement is true for an initial case e.g. n=0 or n=1. ; BQ_S‘Q case
2) Assume the statement is true for n = k. /
Then show if the statement is true for n = k, then it also holds forn = k + 1. f /bé,«(,?é ve
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/a) Use induction to verify that T k = n(n+1) \

2
b) Verify that the maximum number of pizza pieces after n cuts is nin+l) +1
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b) Verify that the maximum number of pizza pieces after n cuts is okt
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a) Use induction toverifythatZ’szn(";l) b) Verify that the maximum number of pizza pieces after n cuts isw+1\
O~ l
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ﬁ Using induction prove the general formula for the following starter sequences:

a)2,5,10,17, _, ,.. General formula:a, =n®+1

b)1,3,7,15, _, ,... General formula: b,, = 2™ -1

2) Prove that the sum of the first n odd numbers is n?.

3) Define the following sequence c,, of numbers as follows: ¢, = 2,¢; = 3 and then ¢,, = 3¢,,_1 — 2¢,,_, for n > 2. Guess
a general formula for ¢, and verify it using induction.

4) Use induction to prove that Y7 k? = én(n + 1)(2n+1)

1 1

1 1 :
5) Guess a general formula for the sum ™ + e + a + .-+ (Dn where n > 2. Prove your formula is correct by

induction.

6) Look at the sequence of shapes on the right.
Find a formula for the number of identical small triangles in
the nth shape. Can you prove your formula using induction? /\ I i j
k n=1 n=2 n=23 n=4
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ﬁ Using induction prove the general formula for the following starter sequences:
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1) Using induction prove the general formula for the following starter sequences: _ \
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3) Define the following sequence b,, of numbers as follows: ¢, = 2,¢; = 3 and ther/cn = 3Cp_1 — ch_zlfor n > 2. Guess

a general formula for ¢, and verify it using induction. '
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3) Define the following sequence b,, of numbers as follows: ¢, = 2,¢; = 3 and thenE: 3Cp_1 — ch_zrfor n > 2. Guess
a general formula for ¢, and verify it using induction.

CA-’/-L ﬁSkwﬁ(/\ 0, n=". /
CK..Q,-I’I ~ Assume fv\u_]@'/l"k v
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7) Prove that a® — 1is divisible by 8 for all odd integers a.

8) Prove that n® + 2n is divisible by 3 for all integers n
9) Prove that, if x > 0 is any fixed real number, then (1 + x)® > 1 + nxforalln>2
10) By writing the following products as an algebraic expression, use induction to show:
a) That the product of any 3 consecutive numbers is divisible by 6.
b) The product of 4 consecutive numbers is divisible by 24.

11) Prove that 3™ > n? for n=1 and n=2. Use mathematical induction to prove that the inequality holds for all n > 2.

N /
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a 0,1,1,23,538,__, A
Recursive Explicit
FO — O, F1 =1
R (720) - (57
Fpn=Fo1+Fho VB 2 2
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/ Recursive 0,1,1,23,5,8,.. Explicit \
=0 hi=d Fo=— ((1+2\/5)"_(1—2\/§)n)

By =F 1+ F;
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/ Recursive 0,1,1,23,5,8,.. Explicit \
A= G5 - ()
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British Mathematical Olympiad Questions

Jan 1997 Q2
For positive integers n, the sequence ay, as, ..., a,,... is defined by a; = 1 and
(n + 1)
a, = (a1 +as+ ...+ an—1)
n—1

for n = 2. Determine the value of ajg97.
Resources:

Jan 1996 Q2
Numberphile —Fibonacci ratio A function f is defined over the set of all positive integers and satisfies f(1) = 1996

as well as

>

https://www.youtube.com/watch?v=Nu-IW-Ifyec&t=320s FO)+f2)+...+ f(n) =n"f(n)

for all n > 2. Calculate the exact value of f(1996).
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