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Understanding the relationship between a circle's radius, a central angle,
and the intercepted arc length is fundamental in geometry. Whether you're
solving problems related to circular sectors, designing circular tracks, or
analyzing rotational motion, being able to determine the radius given an arc
length and a central angle is an essential skill. This article explores the
concepts, derivations, and practical methods for finding the radius of a
circle when the central angle and the arc length are known.

Fundamental Concepts of Circles and Arcs

Definitions and Basic Terminology

Before delving into formulas and calculations, it is crucial to understand
some foundational terms:

Circle: A set of points in a plane equidistant from a fixed point called
the center.

Radius (r): The distance from the center of the circle to any point on
the circumference.

Central Angle (A): An angle whose vertex is at the center of the circle
and whose sides intersect the circle.

Arc: A portion of the circle's circumference intercepted by the central
angle.

e Arc Length (S): The measure of the length of the intercepted arc.



Relationship Between Central Angle and Arc Length

The arc length is directly related to the central angle and the radius of the
circle via the formula:

\ [

S = r \times \theta

\1]

where:

- \( S \) = arc length,

- \( r \) = radius of the circle,

- \( \theta \) = measure of the central angle in radians.

It's important to note that this formula assumes \( \theta \) is in radians.
If the angle is given in degrees, it must be converted to radians before
applying the formula.

Converting Degrees to Radians

Why Radians Are Necessary

The formula \( S = r \times \theta \) uses radians because radians are a
natural measure of angles based on the radius and arc length. Using degrees
directly in this formula would lead to incorrect results unless converted.

Conversion Formula

To convert degrees to radians:

\ [
\theta {radians} = \theta {degrees} \times \frac{\pi}{180}
\1

Where:
- \( \theta {degrees} \) = angle in degrees,
- \( \pi \) = 3.14159.

Example:
Suppose the central angle is 60°. The equivalent in radians:

\ [
\theta = 60 \times \frac{\pi}{180} = \frac{\pi}{3} \text{ radians}
\1



Deriving the Radius Formula

Starting Point: The Arc Length Formula

Given the fundamental relationship:

\ [
S = r \times \theta
\1

If the arc length \( S \) and the central angle \( A \) (in radians) are
known, then the radius \( r \) can be isolated:

\ [
r = \frac{S}{\theta}
\1

Key Point: When \( A \) is given in degrees, convert it to radians before
applying this formula.

Expressed as a Formula

\ [

\boxed{

r = \frac{S}{A} \quad \text{(where \(A\) is in radians)}
}

\1]

or, in terms of degrees:

\ [
r = \frac{S}{A \times \frac{\pi}{180}} = \frac{S \times 180}{A \times \pi}
\1]

Step-by-Step Procedure to Find the Radius

Step 1: Identify Known Quantities

- Arc length \( S \)
- Central angle \( A \) (degrees or radians)



Step 2: Convert the Central Angle to Radians (if
necessary)

- If \( A\) is in degrees:

\ [

A {rad}
\1

A {degrees} \times \frac{\pi}{180}

- If \( A\) is already in radians, proceed to the next step.

Step 3: Apply the Radius Formula

- Use:

\ [
r = \frac{S}{A {rad}}
\1

- Substitute the known \( S \) and \( A {rad} \) into the formula.

Step 4: Calculate the Radius

- Perform the division to find \( r \).

Example Calculation:

Suppose:
- \( S =10 \) units,
- \( A =60"\circ \).

Convert \( A \) to radians:

\ [
A {rad} = 60 \times \frac{\pi}{180} = \frac{\pi}{3}
\1]

Calculate \( r \):

\ [

r = \frac{10}{\pi/3} = 10 \times \frac{3}{\pi} \approx \frac{30}{3.1416}
\approx 9.55 \text{ units}

\1



Practical Applications and Examples

Example 1: Find the Radius Given Arc Length and
Central Angle

- Arc length \( S = 15 \) meters.

- Central angle \( A = 45™\circ \).

Solution:

1. Convert \( A \) to radians:

\ [
A {rad} = 45 \times \frac{\pi}{180} = \frac{\pi}{4}
\1

2. Calculate \( r \):

\ [

r = \frac{15}{\pi/4} = 15 \times \frac{4}{\pi} \approx 15 \times 1.273 = 19.1
\text{ meters}

\1]

Result: The radius is approximately 19.1 meters.

Example 2: Find the Central Angle Given Arc Length
and Radius

- Arc length \( S = 20 \) units.

- Radius \( r = 25 \) units.

Solution:

1. Use \( A = \frac{S}{r} \):

\ [
A {rad} = \frac{20}{25} = 0.8 \text{ radians}
\]

2. Convert to degrees:

\ [

A {degrees} = 0.8 \times \frac{180}{\pi} \approx 0.8 \times 57.2958 \approx
45.84"\circ

\1]



Result: The central angle is approximately 45.84°.

Special Cases and Additional Considerations

When the Central Angle Is a Full Circle (360°)

- The arc length is the entire circumference:

\ [
S =2\pir
\1

- If \( S \) is given as the full circumference, then:

\ [
r = \frac{S}{2\pi}
\1

Small Angles and Approximations

- For very small angles in radians, the approximation \( \sin A \approx A \)
can sometimes be used in more advanced calculations, but for radius
determination, direct use of the formula is preferable.

Units Consistency

- Ensure that the arc length and radius are in the same units (meters,
centimeters, inches, etc.).
- Convert angles to radians before calculations to maintain consistency.

Summary of Key Formulas

e Arc length in terms of radius and central angle in radians: S = r \times
\theta

e Radius when arc length and angle are known: r = \frac{S}{\theta}

e Converting degrees to radians: \(A_{rad} = A _{degrees} \times
\frac{\pi}{180}\)



e Central angle in degrees when radius and arc length are known:
A {degrees} = \frac{S \times 180}{r \times \pi}\)

Conclusion

Finding the radius of a circle when the central angle and arc length are
known involves understanding the fundamental relationship between these
quantities. By converting angles to radians and applying the formula \( r =
\frac{S}{A} \), you can accurately determine the radius. Remember to consider
units and conversions carefully to ensure precise calculations. Mastery of
these concepts equips you to solve a wide range of problems involving
circular arcs, sector areas, and rotational dynamics with confidence and
clarity.

Frequently Asked Questions

How do I find the radius of a circle given the
central angle and the arc length?

You can find the radius using the formula R =S / A (in radians), where S is
the arc length and A is the central angle in radians.

What is the formula to calculate the radius of a
circle when the central angle and arc length are
known?

The radius R is calculated as R =S / A, where S is the arc length and A is
the central angle in radians.

If the central angle is given in degrees, how can I
find the radius of the circle?

First, convert the angle from degrees to radians by multiplying by m/180,
then use R =S / A (in radians).

Can I find the radius of a circle without converting
the central angle to radians?

It's recommended to convert the angle to radians because the formula R =S /
A applies when A is in radians for direct calculation.



What are the steps to determine the radius of a
circle when given the arc length and central angle?

Step 1: Convert the central angle to radians if necessary. Step 2: Use the
formula R =S / A (radians). This will give you the radius.

Additional Resources

Find The Radius Of A Circle In Which The Central Angle, A, Intercepts An Arc
0f The Given Length S. A is a fundamental problem in circle geometry that
combines understanding of angles, arc lengths, and the properties of circles.
Whether you're a student preparing for exams, a teacher designing lesson
plans, or a professional tackling geometric applications, mastering this
concept is essential. This guide provides a comprehensive breakdown of how to
find the radius of a circle given the central angle and the intercepted arc
length, along with detailed explanations, formulas, and practical examples.

Introduction to Circle Geometry and Key Concepts

Before diving into the problem-solving process, it’s important to understand
some foundational concepts:

What Is a Central Angle?

A central angle is an angle whose vertex is at the center of a circle and
whose sides (or rays) intercept the circle at two points. The measure of a
central angle, usually denoted as A (or sometimes 6), is measured in degrees
or radians and directly relates to the arc it intercepts.

Arc Length and Its Significance

An arc is a portion of the circumference of a circle. The arc length,
represented as S, is the distance along the curved path between two points on
the circle. It’'s a key measure when analyzing parts of a circle, especially
in applications like engineering, architecture, and navigation.

Relationship Between Central Angle and Arc Length

The fundamental relationship connecting the central angle A, the arc length
S, and the radius r of the circle is:

- When the angle is in degrees:

\ [
S = \frac{A}{360"\circ} \times 2\pi r
\1



- When the angle is in radians:
\ [

S = r \times A

\1

These formulas serve as the basis for solving for the radius when the other
quantities are known.

Step-by-Step Guide to Finding the Radius
1. Clarify the Given Data
Identify what values are provided:

- The central angle, A (degrees or radians)
- The arc length, S

2. Determine the Units of the Central Angle
The approach differs based on whether A is given in degrees or radians.

- Degrees: Use the degree-based formula.
- Radians: Use the radian-based formula.

3. Use the Appropriate Formula
Based on the units, select the correct formula:
- For degrees:

\ [
r = \frac{S \times 360"\circ}{A \times 2\pi}
\1

- For radians:

\ [
r = \frac{S}{A}
\1

4. Rearrange the Formula to Solve for the Radius
- If A is in degrees:
\ [

r = \frac{S \times 3607"\circ}{A \times 2\pi}
\1



- If A is in radians:
\ [

r = \frac{S}{A}

\1

5. Plug in the Known Values

Insert the known values of S and A into the formula. Make sure the units are
consistent.

6. Calculate the Radius

Perform the calculations step-by-step, ensuring accuracy. Use a calculator or
computational tools as needed.

Practical Examples

To solidify understanding, let'’s work through some sample problems.
Example 1: Central Angle in Degrees

Given:

- Central angle, A = 60°

- Arc length, S = 10 units

Find: Radius r

Solution:

Using the degree-based formula:

\ [

r = \frac{S \times 360"\circ}{A \times 2\pi}
\1]

Plug in the values:

\ [

r = \frac{10 \times 360}{60 \times 2\pi} = \frac{3600}{120\pi} =
\frac{30}{\pi} \approx 9.55 \text{ units}

\1]

Result: The radius is approximately 9.55 units.

Example 2: Central Angle in Radians



Given:

- Central angle, A = \(\frac{\pi}{3}\) radians
- Arc length, S = 15 units

Find: Radius r

Solution:

Using the radian-based formula:

\ [

r = \frac{S}{A} = \frac{15}{\pi/3} = 15 \times \frac{3}{\pi} = \frac{45}{\pi}
\approx 14.32 \text{ units}

\1

Result: The radius is approximately 14.32 units.

Special Cases and Additional Considerations
When the Central Angle Is a Full Circle
- If A = 360° or 2m radians, the arc length equals the entire circumference:

\ [
S =2\pir
\1]

Solving for r:

\[

r = \frac{S}{2\pi}

\1

When the Arc Length Is a Fraction of the Circumference

- The approach remains the same; simply substitute the known S and A into the
formulas.

Handling Units and Conversions

- Always ensure the units of A match the formula:
- Convert degrees to radians by:

\ [
\text{radians} = \text{degrees} \times \frac{\pi}{180}
\1

- Convert radians to degrees by:



\ [
\text{degrees} = \text{radians} \times \frac{180}{\pi}
\1]

Additional Tips and Best Practices

- Double-check units: Mistakes often occur when degrees are used in formulas
expecting radians or vice versa.

- Use precise calculations: For more accurate results, maintain multiple
decimal places during intermediate steps.

- Visualize the problem: Drawing a diagram of the circle, central angle, and
arc can help clarify relationships.

- Practice with real-world problems: Engineering, navigation, and astronomy
frequently involve these calculations.

Summary and Key Takeaways

- The radius of a circle can be found using the relationship between central
angle, arc length, and radius.
- Use the formula:

- In degrees:

\ [

r = \frac{S \times 360"\circ}{A \times 2\pi}
\1

- In radians:

\ [

r = \frac{S}{A}

\1

- Always ensure consistent units before performing calculations.
- Practice with various examples to become proficient.

Final Thoughts

Understanding how to find the radius from the central angle and intercepted
arc length enhances your grasp of circle geometry and its applications.
Whether you're tackling academic problems or solving practical engineering
challenges, mastering these formulas and methods is invaluable. With clear
steps, careful attention to units, and practice, you'll be able to
confidently determine the radius of a circle given any combination of these
parameters.
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