Lesson 20 Circles Tangents And Secants

Lesson 20 Circles Tangents And
Secants

Introduction:
Exploring the
Geometry of Circles

The study of circles is a cornerstone
of geometry, revealing elegant
relationships between lines and

curves. Among the most fascinating
topics in this domain is the interplay
of tangents and secants. In many
curricula, this content is
systematically presented in a
dedicated module, often referred to
as Lesson 20 Circles Tangents
And Secants. This lesson provides a
deep dive into the properties,
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theorems, and applications of lines
that intersect a circle in distinct
ways. Whether you are a student
preparing for an exam or a geometry
enthusiast, mastering these concepts
is essential for understanding more
advanced topics in mathematics and
real-world problem solving.

In this article, we will explore the
fundamental definitions, key
theorems, and practical examples
that illustrate the power of tangents
and secants. We will also discuss how
these geometric elements appear in
engineering, physics, and everyday
life. By the end of this comprehensive
guide, you will have a solid grasp of

the principles covered in Lesson 20
Circles Tangents And Secants and
be able to apply them with
confidence.

What Are Tangents
and Secants?

Before diving into theorems and
proofs, it is crucial to define the two
types of lines that interact with a
circle: tangents and secants. A
tangent is a line that touches a circle
at exactly one point. This point is
called the point of tangency. A
tangent never enters the interior of
the circle. In contrast, a secant is a
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line that intersects a circle at two
distinct points. In other words, it cuts
through the circle. Both tangents and
secants can be drawn from points
either inside or outside the circle, but
each exhibits unique geometric
properties.

For example, consider a circle with
center O. If you draw a line that just
grazes the circle at point A, that line
is a tangent. If you draw a line that
passes through points B and C on the
circle, that line is a secant.
Understanding these basic definitions
is the first step in Lesson 20 Circles
Tangents And Secants.

Key Theorems
Involving Tangents

Tangent-Radius Theorem

One of the most fundamental
theorems states that a tangent to a
circle is perpendicular to the radius
drawn to the point of tangency. In
other words, if a line is tangent to a
circle at point T, then the radius OT
is perpendicular to the tangent line at
T. This theorem is used extensively to
solve problems involving right
triangles and to find distances. For
instance, if you know the radius and
the length of a tangent segment from
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an external point, you can apply the
Pythagorean theorem.

Two Tangents from an
External Point

Another important property covered
in Lesson 20 Circles Tangents And
Secants is that if two tangents are
drawn from an external point to a
circle, they are equal in length. Let
point P be outside the circle. Draw
tangents PA and PB, where A and B
are points of tangency. Then PA =
PB. This theorem also leads to the
fact that the line from the external
point to the center bisects the angle
between the two tangents and also

bisects the angle between the radii to
the points of tangency. Such
properties are frequently used in
construction and design.

Theorems Involving
Secants

Secant-Secant Theorem
(External Intersection)

When two secants intersect outside a
circle, the product of the lengths of
one secant and its external segment
equals the product of the lengths of
the other secant and its external
segment. More formally, if secants
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PAB and PCD intersect at external
point P, then PA * PB = PC * PD. This
theorem is a powerful tool for solving
for unknown lengths in geometric
figures. It is often paired with the
tangent-secant theorem (discussed
next) and is a central part of Lesson
20 Circles Tangents And Secants.

Tangent-Secant Theorem

When a tangent and a secant
intersect at an external point, the
square of the length of the tangent
segment equals the product of the
lengths of the secant and its external
segment. If PT is a tangent from
point P to the circle at point T, and

PAB is a secant intersecting the
circle at A and B, then PT? = PA * PB.
This theorem is especially useful for
proving other geometric relationships
and for solving practical problems
such as determining the height of a
circular object from a given distance.

Angles Formed by
Tangents and Secants

Angle Formed by a Tangent
and a Secant

When a tangent and a secant
intersect at the point of tangency, the
measure of the angle formed is half
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the measure of the intercepted arc.
For example, if a tangent touches the
circle at point T and a secant passes
through T and another point C on the
circle, the angle between the tangent
and the secant is half the measure of
the arc TC. This relationship is
similar to the inscribed angle
theorem but with a tangent line.
Lesson 20 Circles Tangents And
Secants often includes these angle
relationships as they are critical for
solving complex problems.

Angle Formed by Two
Secants

If two secants intersect inside the

circle, the measure of the angle
formed is half the sum of the
measures of the intercepted arcs. If
they intersect outside the circle, the
angle measure is half the difference
of the intercepted arcs. These
formulas allow students to find
unknown angles without needing to
measure directly. For instance, given
a secant and a tangent intersecting
outside the circle, the angle can be
computed using the arc measures.

Example Problems
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Example 1: Applying the
Tangent-Radius Theorem

Suppose a circle has a radius of 5 cm.
A tangent from an external point P
touches the circle at T. The distance
from P to the center O is 13 cm. Find
the length of the tangent segment PT.

Solution: Since OT is a radius and PT
is tangent, OT [] PT. Triangle OTP is a
right triangle. Using Pythagoras: PT?
= 0P?2-0T?2=132-52=169-25 =
144, so PT =12 cm.

Example 2: Using the

Tangent-Secant Theorem

From an external point P, a tangent
PT of length 8 cm is drawn to a
circle. A secant PAB passes through
the circle such that PA = 4 cm. Find
the length of the secant segment PB.

Solution: By the tangent-secant
theorem, PT? = PA * PB. So 64 = 4 *
PB, thus PB = 16 cm.

Example 3: Two Secants
Intersecting Externally

Two secants from point P intersect a
circle. The first secant has external
segment PA = 3 cm and internal
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segment AB = 9 cm (total PB = 12
cm). The second secant has external
segment PC = 4 cm. Find PD, the
total length of the second secant.

Solution: Secant-secant theorem: PA
*PB=PC*PD.So3*12=4*PD -
36 =4 *PD —» PD = 9 cm. Therefore,
CD =PD -PC =5cm.

Real-World
Applications

The principles from Lesson 20
Circles Tangents And Secants are
not just theoretical. They have
practical uses in many fields.

* Engineering and

Construction: Tangents are
used in designing roundabouts,
railway curves, and gear teeth.
Secant lines help in calculating
distances in surveying.
Physics and Optics: The path
of light reflecting off a curved
mirror often involves tangent
lines. The law of reflection uses
the normal (radius) to the
surface.

e Architecture: Arches and

circular windows often rely on
tangent and secant geometry
for structural integrity and
aesthetic harmony.

e Navigation and GPS: Circle
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geometry helps in triangulation
and calculating distances from
satellites.

Common Mistakes and
How to Avoid Them

Students in Lesson 20 Circles
Tangents And Secants often mix up
the tangent-secant theorem with the
secant-secant theorem. A helpful
mnemonic is that the tangent
theorem involves a square (PT?) while
the secant-secant theorem involves
two products. Another common error
is forgetting to use the external
segment for secants - always ensure

you multiply the whole secant length
by its external part, not just the
internal part. Finally, always check
that your angle formulas use the
correct arcs (intercepted arcs, not
the whole circle).

Tips for Mastering
This Lesson

1. Draw diagrams: Geometry is
visual. Sketch every problem to
see the relationships between
lines, points, and arcs.

2. Practice with varied
problems: Work on examples
that involve tangents only,
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secants only, and combinations.

3. Memorize the theorems:
Write them out and test
yourself. Understanding the
proofs also helps retention.

4. Connect to algebra: Many
problems require solving
quadratic equations. Brush up
on algebraic skills.

5. Use online resources:
Interactive geometry tools can
help you visualize how changing
a secant affects the angle.

Further Connections:

Intersecting Chords

While tangents and secants are the
focus of Lesson 20, it is helpful to
know how they relate to chords. A
chord is a segment whose endpoints
lie on the circle. When two chords
intersect inside the circle, the
product of the lengths of the
segments of one chord equals the
product of the lengths of the
segments of the other chord. This is
similar to the secant-secant theorem
but for intersections inside. In fact,
the secant-secant theorem can be
seen as a generalization of the
intersecting chords theorem when
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the intersection point moves outside
the circle.

Conclusion

Understanding the properties of
tangents and secants is essential for
anyone studying geometry. Lesson
20 Circles Tangents And Secants
provides a structured approach to
learning these concepts, from basic
definitions to advanced theorems and

real-world applications. By mastering
the tangent-radius theorem, the
tangent-secant theorem, and the
various angle relationships, you gain
powerful tools for solving geometric
problems. Remember to practice
consistently and visualize each
scenario. With effort, these ideas will
become intuitive. Whether you are
designing a bridge, solving a math
contest problem, or simply exploring
the beauty of circles, the knowledge
from this lesson will serve you well.
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