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Learning objectives

This is the first of two units on angle geometry.  Angle geometry underpins all the work on
trigonometry in the set of units that follows. After completing Unit F1 you should

• be able to measure and construct accurately, using a protractor, angles up to 360°

• be able to identify the rotational symmetry and line symmetry of 2 dimensional shapes

• know and understand the angle facts for points, lines, triangles and quadrilaterals

• know and understand the angle facts for parallel and intersecting lines

• be able to determine the size of the interior and exterior angles for a regular polygon.

Introduction

The origins of angle measures are not due to any one person but a variety of developments in different
countries.  For example, Aristarchus (around 260 BC) in his treatise, On the Sizes and Distances of the
Sun and Moon, made the observation that when the moon is half full, the angle between the lines of
sight to the sun and the moon is less than a right angle by one-thirtieth of a quadrant (the systematic
use of the 360° circle came a little later).  In today's language this gave the angle 3° in the diagram
below.

In fact, it should have been about 0 10. °.

It is not known just when the systematic use of 360° was established but it seems likely to be largely
due to Hipparchus (180–125 BC) who was thought to have produced the first trigonometric table.

It was firmly established by Ptolemy (c 100-178 AD) who used it consistently in his astronomical
treatise.

He noted that the ratio of arc to chord reduced as the angle subtended at the
centre decreased, with a limit of 1.

He actually produced tables giving values for angles varying from 0°  to
100° .

Although the use of 360° was adopted by most mathematicians, the idea of using 400°  for a circle
was developed in Scandinavian countries and is in fact still used on a limited basis.  (It is even
included on most calculators with the 'grad' mode for angles.)
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Key points and principles

• We use decimals to measure angles if accuracy is needed, e.g. 30 12. ° , which means 30°  and 0.12
of a degree, not 30°  and 12′  (minutes).  If you use degrees/minutes, then be sure to use the correct
notation, e.g. 45 57° ′ .

• Proofs are important for many of the results in this unit.

• Students should be familiar with the names of common  2-dimensional and 3-dimensional shapes.

• Angles at a point sum  to 360°.

• Adjacent angles on a straight line sum to 180° .

• A right angle is exactly 90° .

• Angles in a triangle sum to 180° .

• Angles in a quadrilateral sum to 360°.

• Alternate angles are equal.

• Supplementary angles sum to 180° .

• Corresponding angles are equal.

• Each angle at the centre of a regular n-sided polygon is 
360°

n
.

Facts to remember

• An object has rotational symmetry if it can be rotated about a point so that it fits on top of itself
without completing a full turn.  The shapes below have rotational symmetry.

In a complete turn this shape In a complete turn this shape
fits on top of itself two times. fits on top of itself four times.

It has rotational symmetry of order 2. It has rotational symmetry of order 4.
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• Shapes have line symmetry if a mirror could be placed so that one side is an exact reflection of
the other.  These imaginary 'mirror lines' are shown by dotted lines in the diagrams below.

   This shape has This shape has
        2 lines of symmetry.  4 lines of symmetry.

• Angles at a point

The angles at a point will always add up to   360o.

It does not matter how many angles are formed at the  point

– their total will always be   360o.

• Angles on a line

Adjacent angles that form a straight line add up to 180o .

• Angles in a triangle

The angles in any triangle add up to   180o .

• Angles in an equilateral triangle

In an equilateral triangle all the angles are   60o  and all the
sides are the same length.

• Angles in an isosceles triangle

In an isosceles triangle two sides are the same length and the
two base angles are the same size.

• Angles in a quadrilateral

The angles in any quadrilateral add up to   360o.
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Glossary of Terms

• An object has rotational symmetry if it can be rotated about a point so that it fits on top of itself
without completing a full turn.  The shapes below have rotational symmetry.

In a complete turn this shape In a complete turn this shape
fits on top of itself two times. fits on top of itself four times.

It has rotational symmetry of order 2. It has rotational symmetry of order 4.

• Shapes have line symmetry if a mirror could be placed so that one side is an exact reflection of
the other.  These imaginary 'mirror lines' are shown by dotted lines in the diagrams below.

   This shape has This shape has
        2 lines of symmetry.  4 lines of symmetry.

• Opposite angles

When any two lines intersect, two pairs of equal opposite
angles are formed.

The two angles marked a and c are a pair of opposite
equal angles; a c= .

The angles marked b and d are also a pair of opposite
equal angles; b d= .

• Corresponding angles

When a line intersects a pair of parallel lines,  a b= .

The angles a and b are called corresponding angles.

• Alternate angles

The angles c and d are equal.

a
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