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Pythagoras’ Theorem
This guide introduces a fundamental part of trigonometry, Pythagoras’
Theorem. It illustrates how Pythagoras’ Theorem is used to solve
problems involving right-angled triangles.

Introduction and history
Pythagoras of Samos was thought to be an Ionian Greek mathematician and
philosopher who lived around 500 BC. His work and teachings gained him a group of
disciples who, together with Pythagoras himself, developed and formalised a range of
ideas which are still studied today. The most famous idea attributed to Pythagoras is a
geometrical theorem which relates the lengths of the sides of right-angled triangles. A
right-angle is an angle with a size of precisely 90°.
Right-angled triangles are extremely common in mathematics. They appear not only in
trigonometry but also in vectors, complex numbers, geometry and many other
mathematical disciplines. There are also many problems in science that can be
modelled using right-angled triangles. Pythagoras’ Theorem plays an important role in
being able to solve these problems.

Pythagoras’ theorem
Let’s start by drawing a right-angled triangle. It is customary to assign lower case letters
a, b and c to the side lengths. The longest side is usually labelled c and is called the
hypotenuse; it is always opposite the right-angle which is indicated by a small square.
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For any such right-angled triangle the following theorem always applies:

a2  b2  c 2
This is known as Pythagoras’ Theorem. Pythagoras’ Theorem is useful as you can
calculate the length of one side of a right-angled triangle if you know the lengths of the
other two. A good tip is to identify c for your triangle first. This enables you to substitute
the two known lengths into Pythagoras’ Theorem correctly. Remember that c is always
the longest side (the side opposite the right angle) and the two shorter sides are a and b
(it does not matter which is which). There are certain triangles in which a, b and c take
the value of whole numbers; these are special cases of Pythagoras’ Theorem and are
called Pythagorean Triples. More commonly your triangle will not have all three sides
with lengths which are whole numbers. When calculating lengths you should give your
answers to a small number of decimal places (one or two) and state this as part of your
answer.
Pythagoras’ Theorem is often stated in the following way, which might make it easier for
you to remember:
In a right-angled triangle, the square of the hypotenuse equals the sum of the squares of
the other two sides.
This concept is represented by the following diagram:
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The area a 2  3  3  9 and b 2  4  4  16 ; if you add these together you get 25 which
is indeed equal to c 2 . So 3, 4 and 5 form a Pythagorean Triple.

Example: Find the length of the hypotenuse of a right-angled triangle with side lengths of
6 and 8.
Firstly the question states that you are interested in a right-angled triangle and so
Pythagoras’ Theorem can be applied. The question also states that you are trying to
find the hypotenuse which implies that 6 and 8 must be the lengths of the two shortest
sides. As with all trigonometry problems, it is useful to represent the problem as a
diagram:
c

becomes:
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So you substitute into Pythagoras’ Theorem and proceed as follows:

a2  b2  c 2

Pythagoras’ Theorem

62  82  c 2

substitute a  6 and b  8

36  64  c 2

squaring

100  c 2

addition

100  c

square rooting

c  10
Note that

answer

100 is ±10. However the minus option is nonsensical as you cannot have a

negative length and so you take the positive value.
Example: The longest two sides of a right-angled triangle are 2.9 cm and 3.4 cm.
Calculate the shortest side.
Again, you can use Pythagoras’ Theorem because you are dealing with a right-angled
triangle. In this case however you are given the hypotenuse and the second longest
side meaning you have to work out the shortest side (a).
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becomes:

a

3.4 cm

2.9 cm

You can now follow the same technique as above, substitute the known lengths into the
theorem and then simplify, rearrange and solve in order to calculate the length a.

a2  b2  c 2

Pythagoras’ Theorem

a 2  2.9 2  3.4 2

substitute b  2.9 and c  3.4

a 2  8.41  11.56

squaring

a 2  11.56  8.41  3.15

subtract 8.41 from each side

a  3.15

square root

a  1.77 cm to 2 d.p.

answer (to 2 decimal places)

Want to know more?
If you have any further questions about this topic you can make an appointment to see a
Learning Enhancement Tutor in the Student Support Service, as well as speaking to
your lecturer or adviser.




Call:
Ask:
Click:

01603 592761
ask.let@uea.ac.uk
https://portal.uea.ac.uk/student-support-service/learning-enhancement

There are many other resources to help you with your studies on our website.
For this topic, these include questions to practise, model solutions and a webcast.
Your comments or suggestions about our resources are very welcome.

Scan the QR-code with a
smartphone app for a webcast
of this study guide.

