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Parallel and Intersecting Lines

Perpendicular Lines

Parallel Lines and Transversals
¢ Constructing Parallel Lines

Parallel and Intersecting Lines

In geometry, lines can relate to each other in various ways on a plane. Two fundamental
types are parallel lines and intersecting lines.

Concept Explanation

Parallel lines are lines in the same plane that never meet, no matter how far they are
extended. They run in the same direction and maintain a constant distance between
them.

Intersecting lines are lines that meet or cross at a single point called the point of
intersection. When two lines intersect, they form four angles at the point of intersection.

Formula Derivation and Properties

When two lines intersect, the following properties hold:

« Vertically opposite angles are equal. If two lines intersect forming angles a, b, ¢, d,
thena = cand b = d.



e linear pair of angles are adjacent angles on a straight line and their sum is 180°:
a+ b= 180"

Worked lllustration

Consider two lines [ and m intersecting at point O, forming angles a, b, ¢, d as shown:

e Since a and c are vertically opposite, a = c.
e Since a and b form a linear pair, a + b = 180°.

Solved Example

Example: Two lines intersect and one of the angles formed is 70°. Find all other angles.

Solution:

Given one angle = 70°.
Vertically opposite angle = 70°.
Adjacent angles form linear pairs, so each adjacent angle = 180° — 70° = 110°.

Vertically opposite to 110° is also 110°.

Practice Set

e Level 1 - Easy: Two lines intersect forming an angle of 45°. Find all other angles.
e Level 2 — Moderate: Two lines intersect and one angle is . The adjacent angle is

3z — 20. Find  and all angles.
e Level 3 — Challenging: Lines [ and m intersect at O. If one angle is twice the adjacent

angle, find all angles.

Answer Key



e Level I: Other angles are 45°, 135°, 135°.
e level 2z + 3z — 20 = 180 = 4 = 200 = = = 50°. Angles: 50°, 130°, 50°, 130°.
o Level 3: Let smaller angle be z, then adjacent angle is 2. So,

x + 2x = 180 = 3x = 180 = x = 60°. Angles: 60°, 120°,60°, 120°.

Quick Reference

Property Relation
Vertically opposite angles Equal

Linear pair angles Sum to 180°
Glossary

¢ Intersecting lines: Lines that meet at a point.

e Vertically opposite angles: Angles opposite each other at the intersection, equal in
measure.

e Llinear pair: Adjacent angles on a straight line summing to 180°.

Perpendicular Lines

Perpendicular lines are a special case of intersecting lines where the lines meet at right
angles.

Concept Explanation

Two lines are perpendicular if they intersect to form four right angles (each 90°).

Formula Derivation



If two lines [ and m intersect at point O and form angle 6, then:

For perpendicular lines, 8 = 90°.

Worked lllustration

Lines [ and m intersect at O with a small square at the intersection indicating 90° angles.

Solved Example

Example: Verify if two lines are perpendicular if one angle formed is 90°.

Solution: Since one angle is 90°, all four angles are 90° due to vertically opposite and linear
pair properties. Hence, lines are perpendicular.

Practice Set

e lLevel 1 - Easy: Identify perpendicular lines in a given figure.

e Level 2 — Moderate: Find the measure of unknown angles if two lines are
perpendicular.

¢ Level 3 — Challenging: Prove that two lines are perpendicular using angle properties.

Answer Key

e Level 1: Lines intersecting at right angles.
e Level 2: Unknown angles equal to 90° or complementary to given angles.
e Level 3: Use vertically opposite and linear pair angle properties to prove 90° angles.

Quick Reference



Property Value

Right angle 90°
Perpendicular lines Intersect at right angles
Glossary

e Perpendicular lines: Lines intersecting at right angles.
e Right angle: An angle of 90°.

Parallel Lines and Transversals

When a transversal crosses two lines, it creates several angle relationships that help
identify parallelism.

Concept Explanation

A transversal is a line that intersects two or more lines at distinct points.

When a transversal crosses two lines, eight angles are formed. These angles have special
relationships:

e Corresponding angles: Angles in the same relative position at each intersection.

¢ Alternate interior angles: Angles on opposite sides of the transversal but inside the
two lines.

e Co-interior (consecutive interior) angles: Angles on the same side of the transversal
and inside the two lines.

Formula Derivation and Properties



If the two lines are parallel, then:

e Corresponding angles are equal: Z1 = /5.
e Alternate interior angles are equal: 3 = Z6.
e Co-interior angles sum to 180 /4 4 /5 = 180°.

Conversely, if any of these angle relationships hold, the two lines are parallel.

Worked lllustration

Consider lines [ and m cut by transversal ¢, forming angles labeled 1 to 8.

e Checkif Z1 = /5 (corresponding angles).
e If equal, thenl || m.

Solved Example

Example: Given /1 = 70° and /5 = 70°, prove that lines [ and m are parallel.

Solution: Since corresponding angles are equal, by the corresponding angles postulate,
L] m.

Practice Set

e Level 1 = Easy: Identify corresponding angles in a figure with a transversal.

e Level 2 — Moderate: Given some angles, find missing angles using parallel line
properties.

¢ Level 3 — Challenging: Prove lines are parallel using alternate interior angles.



Answer Key

e Level I: Angles in matching positions at intersections.

e Level 2: Use equality of corresponding or alternate interior angles to find missing
angles.

¢ Level 3: Show alternate interior angles are equal to conclude parallelism.

Quick Reference

Angle Pair Property if Lines are Parallel
Corresponding angles Equal
Alternate interior angles Equal
Co-interior angles Sum to 180°

Glossary

e Transversal: A line crossing two or more lines.
e Corresponding angles: Angles in the same relative position.

e Alternate interior angles: Angles on opposite sides of the transversal inside the two
lines.

e Co-interior angles: Angles on the same side of the transversal inside the two lines.

Constructing Parallel Lines

Constructing parallel lines accurately is essential in geometry.

Concept Explanation

Parallel lines can be constructed using tools like rulers, protractors, set squares, or by
paper folding.



Methods

e Using a ruler and protractor: Draw a line, then at a point on the line, use a protractor
to mark an angle equal to the angle formed by the original line and a transversal,
then draw the second line through this point.

e Using set squares: Place one set square on the ling, align the second set square
against it, and slide along to draw a parallel line.

e Paper folding: Fold the paper to create a crease parallel to an existing line by folding
perpendicular lines and then folding again perpendicular to the fold.

Worked lllustration

Using a set square, draw a line . Place the set square on [, then slide it along while holding
another set square against it to draw a line m parallel to [.

Solved Example

Example: Construct a line parallel to a given line through a point not on the line.

Solution:

e Draw the given line [.

e Mark the point P not on L.

e Place a set square on [ and slide it until it passes through P.
e Draw the line m through P along the edge of the set square.
e Line m is parallel to [.

Practice Set

e Level1- Easy: Draw a line parallel to a given line through a point.
e Level 2 — Moderate: Construct parallel lines using paper folding.



¢ Level 3 — Challenging: Verify parallelism by measuring corresponding angles after
construction.

Answer Key

e lLevel I: Use set squares or ruler and protractor.
e Level 2: Fold paper to create creases parallel to original line.
e Level 3: Measure angles to confirm equality of corresponding angles.

Quick Reference

Method Tools
Ruler and protractor Draw angle equal to transversal angle
Set squares Slide set square along line
Paper folding Fold perpendicular lines twice

Glossary

e Set square: A triangular tool used to draw right angles and parallel lines.
e Transversal: A line crossing two or more lines.
e Parallel lines: Lines that never meet.



