Euler’s Identity

Euclid’s Theorem
Prime Number Theorem
The number of prime numbers up to
n is approximately n / ln(n), where
ln(n) is the "natural log" of n (which
you can find on your calculator). This
becomes increasingly accurate as n
becomes larger.
Proved By: There's many different types of proofs, but the first
significant one was by Bernhard
Riemann in 1859.

Fermat’s Little Theorem
For any integer a and for any prime
number p, then ap - a is divisible by
p. For example, 47 - 4 = 16380,
which is divisible by 7.
The theorem underpins RSA encryption, which is used to scramble sensitive data to protect it from prying

Four Colour Theorem
Any plane split into touching (i.e.
'contiguous') regions requires only four
colours so that no two adjacent regions
have the same colour. It means for example we could colour a world map using
just 4 colours.
Proved By: A number
of false proofs started
appearing since the
problem appeared in
1852. It was eventually
successfully proved in
1976 by Kenneth Appel
and Wolfgang Haken,
criticised as an
'inelegant proof' because of the use of a
computer to enumerate all possible configurations.

Unsolved

Solved

There are infinitely many prime numbers.
Proved By: Euclid presented a proof in
1782. It's actually remarkably simple: if we
take all the prime numbers we know, multiply them together and add 1, then this
number can't be divisible by any of the individual numbers as we'd have a remainder
of 1. Therefore, either the new number itself is a new prime, or it can
be factorised to find primes
not in our original list.
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Poincaré Conjecture
Imagine putting a rubber band around a donut
shape: If the band was either surrounding the
outer edge of the donut, or wrapped around a
segment of the ring (i.e. going through the centre), then there’s no way we could gradually
tighten the band and make it smaller to scrunch it
at a single point. If the band is on the surface of a
sphere however, we could easily do so (see picture).
The Poincaré Conjecture extends this by an extra
dimension: can we gradually tighten a 3D band
(i.e. a sphere) on the surface of a 4D sphere?
(i.e. a hypersphere)
Proved By: Grigori P erelman in 2002. He
turned down the $1m prize and a Fields Medal
(the Nobel Prize of Maths). It stands as the only
one of the 7 Millennium Problems to be solved.

Well Known Theorems in
Mathematics
Solved and Unsolved

Fermat’s Last Theorem
Goldbach Conjecture
The theorem states that for any three nonzero integers a, b and c, there exists no solution to an + bn = cn if n > 2. We can see
for example that if n = 2, we can satisfy the
equation with 32 + 42 = 52 (known as a Pythagorean Triple) But the theorem says that
we can't find any numbers if the power is
any greater than 2.
Proved By: The theorem w as first proposed by Fermat in 1637. He famously
scribbled in the margin of his paper that
he had a solution, but ‘conveniently’ didn't
have the space. The theorem eluded
mathematicians for 350 years until 1995
when it was solved by Sir Andrew Wiles, a
discovery that made headline news across
the world.

Every even number (greater than 2)
can be expressed as the sum of two
primes.
e.g. 10 = 3+7 = 5+5
Unsolved! P roposed by Christian
Goldbach in 1742. There's evidence
in Number Theory to suggest it's
true, and mathematicians have
checked numbers up to 1018, but this
problem remains unsolved.

Sir Andrew Wiles

Euler
This relationship is so incredible
because it relates the five most
fundamental constants in mathematics: 0, 1, π, Euler's constant e
(2.71...) and i (the square root of
-1).

1707-83

Proved By: No one know s, but
its first recorded usage is by Euler
in the 18th Century

Riemann Hypothesis

The Zeta function ζ(s) is defined as above,
for example :
ζ(2) = 1/12 + 1/22 + 1/32 ... = π2 / 6.
This converges for s>1 (i.e. tends towards
a limit), but diverges for anything else.
The Riemann Zeta function extends this
range to allow us to compute the result for
any complex number. The Riemann Hypothesis claims that the 'zeros' or 'roots'
of this extended function, i.e. solutions s
for which ζ(s) = 0, have the form
1/2 + ai, i.e. where the real part of the
complex number is always 1/2 (as well as
certain 'trivial' roots which don't have this
form).
Unsolved! P roposed by Bernhard Riemann in 1859. This is one of the 7
'Millennium Prize' problems, for which
there is a $1m reward. Get cracking.
There's a number of consequences if this
is true, but perhaps the most important is
that it reveals the distribution of the prime
numbers. The Prime Number Theorem allowed us to estimate the number of
primes up to a given number. If armed
with all the roots of the Riemann Zeta
function, then we can work out the exact
number!
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