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Euclid’'s Geometry

Euclid's Geometry is based on a set of fundamental assumptions called axioms and
postulates, which serve as the foundation for all geometric reasoning. These assumptions
are accepted without proof and are used to derive theorems and solve problems.

Concept Explanation

Axioms are universal truths accepted without proof. Postulates are specific assumptions
related to geometry. Euclid's geometry builds upon these to define points, lines, planes,
and their relationships.

Formula Derivation

Euclid's axioms include properties of equality and order, such as:

e Things equal to the same thing are equal to each other.

¢ If equals are added to equals, the wholes are equal.

¢ If equals are subtracted from equals, the remainders are equal.
e Things which coincide are equal.

e The whole is greater than the part.

e Things double or half of the same thing are equal.



Worked lllustrations

Example: If AB = PQ and PQ = XY, then by transitivity, AB = XY

Solved Examples

Example . Given m/1 = m/2, prove m/1 + m/3 = m/2 + m/3.

Solution:

Since m/1 = m/2, adding m/ 3 to both sides gives:

m/l+m/3=m/2+m/3

Practice Set

e Levell-Easy:If a = 2cand b = 2¢, prove a = b.

e Level 2 — Moderate: Given m/1 = m/2, prove mZ1 — m/3 = m/2 — m/3.

e Level 3 — Challenging: Using Euclid's axioms, prove that if two line segments coincide,
they are equal.

Answer Key

e Level 1: Since both a and b equal 2¢, by transitivity, a = b.

e Level 2: Subtracting m/3 from both equal angles m/1 and m /2 yields equality.

e Level 3: If two segments coincide pointwise, then by the axiom of coincidence, they
are equal.



Quick Reference

Axiom Description
Equality Transitivity fa =bandb = ¢, thena = c.
Addition Ifa = bthena+c=b+c
Subtraction Ifa = b,thena —c=b—rc
Coincidence Segments coinciding pointwise are equal.
Whole-Part The whole is greater than the part.

Glossary

Axiom: A self-evident truth accepted without proof.
Postulate: A geometric assumption accepted without proof.

Theorem: A statement proved using axioms and postulates.

Coincide: To lie exactly on top of each other.
Transitivity: A property of equality relating three quantities.

Euclid’'s Postulates

Euclid's postulates are fundamental geometric assumptions specific to geometry,
accepted without proof. They describe basic constructions and properties of points, lines,
and circles.

Concept Explanation

e Postulate 1: A straight line can be drawn from any one point to any other point.

o Postulate 2: A finite straight line can be extended indefinitely in both directions.

o Postulate 3: A circle can be drawn with any center and any radius.

e Postulate 4: All right angles are equal to one another.

e Postulate 5 (Parallel Postulate): If a straight line falling on two straight lines makes the
interior angles on the same side less than two right angles, then the two lines, if



extended indefinitely, meet on that side.

Formula Derivation

These postulates are foundational and do not require derivation but are used to prove
other geometric results.

Worked lllustrations

Example: Using Postulate 1, draw a line segment between points A and B.

Solved Examples

Example 1: Prove that all right angles are congruent.

Solution:

By Postulate 4, all right angles measure 90°, so any two right angles are equal.

Practice Set

e Level1- Easy: Draw a circle with center O and radius r.

¢ Level 2 — Moderate: Using Postulate 2, extend a line segment AB indefinitely.

e Level 3 — Challenging: Prove that if a transversal intersects two lines such that the
sum of interior angles on one side is less than 180°, the lines meet on that side.

Answer Key

e Level I: Use a compass to draw a circle with center O and radius OA.



e Level 2: Extend the segment AB by continuing the line beyond points A and B
indefinitely.

¢ Level 3: By Postulate 5, the lines will intersect on the side where the sum of interior
angles is less than two right angles.

Quick Reference

Postulate Description

1 Line between any two points.

2 Extend line indefinitely.
<) Draw circle with any center and radius.
4 All right angles equal.
5 Parallel line postulate.
Glossary

Postulate: A basic assumption in geometry.

Right Angle: An angle of 90 degrees.
Transversal: A line that intersects two or more lines.

Interior Angles: Angles inside the space between two lines cut by a transversal.

Lines and Points in Euclid's Geometry

This section covers fundamental concepts about points, lines, and their relationships such
as collinearity, concurrency, and parallelism.

Concept Explanation

e Point: A location with no size.
e Line: A straight path extending infinitely in both directions.



e Collinear Points: Points lying on the same straight line.
e Concurrent Lines: Three or more lines intersecting at a single point.
e Parallel Lines: Lines in the same plane that never intersect.

Formula Derivation

Properties of lines and points are based on Euclid's axioms and postulates, such as:

e Only one line passes through two distinct points.
¢ Distance between parallel lines is constant.
¢ If two lines are parallel to the same ling, they are parallel to each other.

Worked lllustrations

Example: Given points A, B, and C on a line, prove they are collinear.

Since all three points lie on the same straight line, by definition, they are collinear.

Solved Examples

Example 1: Prove that if two lines are parallel to the same line, they are parallel to each
other.

Solution:

Let lines [ and m be parallel to line n. By Euclid's parallel postulate, [ and m do not
intersect n. If [ and m intersected, it would contradict the uniqueness of parallel lines.
Hence, [ || m.



Practice Set

e Level1 - Easy: Identify collinear points from a given set.

e Level 2 — Moderate: Prove that three lines are concurrent.

¢ Level 3 — Challenging: Given two parallel lines and a transversal, prove properties of
corresponding angles.

Answer Key

e Level I: Points lying on the same straight line are collinear.

e Level 2: Show that all three lines intersect at a single point.

e Level 3: Use the parallel line axiom and angle properties to prove corresponding
angles are equal.

Quick Reference

Concept Definition
Collinear Points Points on the same line.
Concurrent Lines Lines intersecting at one point.
Parallel Lines Lines that never meet.

Glossary

Collinear: Points lying on the same straight line.

Concurrent: Lines meeting at a single point.
Parallel: Lines that do not intersect.

Transversal: A line crossing two or more lines.



