
Each Of The Two Tangents From An
External Point To Circle 3 M Long, The
Smaller Arc Which The Two Angents

Introduction

Each Of The Two Tangents From An External Point To Circle 3 M Long, The
Smaller Arc Which The Two Angents is a fundamental concept in circle
geometry, combining elements of tangency, angles, and arcs. This idea not
only illustrates the elegant properties of circles but also serves as a
foundation for solving more complex geometric problems. Understanding the
relationships between external points, tangents, and arcs offers insight into
the symmetry and harmony inherent in circle theorems. In this article, we
explore the geometric principles behind this statement, analyze the
properties of tangents and arcs, and examine how these elements interact to
form the basis of many geometric constructions and proofs.

Fundamentals of Tangents and Circles

Definition of a Tangent

A tangent to a circle is a straight line that touches the circle at exactly
one point. This point is called the point of tangency. The defining
characteristic of a tangent is that it is perpendicular to the radius drawn
to the point of tangency.

Properties of Tangents from an External Point

From a point outside a circle, there are exactly two tangents to the
circle.

These two tangents are equal in length.

The angles formed between the tangents and the line segment joining the
external point to the circle's center are equal.

The point of intersection of the two tangents lies outside the circle.



Understanding the Length of the Tangents

Given Data and Assumptions

In the problem, it's given that the length of each tangent from an external
point (say, point P) to the circle is 3 meters. This implies:

Both tangents from point P to the circle are equal in length, each being
3 meters.

Point P is outside the circle, and the lines from P are tangent lines
touching the circle at points A and B.

Implications of Tangent Lengths

Since both tangents are equal, and each is 3 meters long, the distances from
P to the points of tangency (A and B) are both 3 meters. Additionally, the
distances from P to the circle's center (O) relate to the radius and the
tangent lengths through the following theorem:

Theorem: Power of a Point

The power of a point P with respect to a circle is given by:

P → (PT)^2 = PO^2 - r^2

where:

PT is the tangent length from P to the circle.

PO is the distance from P to the circle's center O.

r is the radius of the circle.



Given PT = 3 meters, the relationship becomes:

3^2 = PO^2 - r^2

which simplifies to:

9 = PO^2 - r^2

The Arc Formed by the Two Tangents

Understanding the Smaller Arc

The two tangents from P to the circle touch the circle at points A and B.
These points define an arc, denoted as arc AB, which is the portion of the
circle bounded by points A and B. The problem specifies that this arc is the
smaller arc between the two points of tangency.

Properties of the Arc and the Tangents

The measure of the inscribed angle subtended by arc AB at any point on
the circle is half the measure of the arc.

The central angle ∠AOB, where O is the circle's center, subtends the
entire arc AB, with the measure directly related to the length of the
arc.

The length of the arc AB depends on the circle's radius and the measure
of the central angle.

Geometric Relationships and Theorem
Applications

Angles Between Tangents and the Line Connecting



External Point and Center

In circle geometry, the angle between the two tangents drawn from an external
point P to the circle, denoted as ∠APB, is related to the arc AB and the
positions of the points A and B.

Theorem: Angle Between Two Tangents

The angle between the two tangents from an external point P is given by:

∠APB = 180° - (measure of arc AB)

This indicates that if the measure of the smaller arc AB is known, the angle
between the tangents can be directly calculated.

Relation Between the Arc and the External Point

The measure of the smaller arc AB is twice the measure of the angle
between the two tangents at P.

Alternatively, knowing the angle between the tangents, one can find the
measure of the associated arc.

Determining the Measure of the Smaller Arc

Using Geometry and Trigonometry

Given that each tangent from P is 3 meters long, and considering the
geometric configuration, the goal is to find the measure of the smaller arc
subtended by these tangents.

Step 1: Establish Coordinates

Place the circle with center O at the origin (0,0).1.



Assume the circle has radius r.2.

External point P is located at coordinates (x, y), outside the circle.3.

Step 2: Use the Tangent Length Formula

The distance from P to each tangent point A or B is 3 meters, and the
distance from P to the center O is unknown but related through the power of a
point theorem.

Step 3: Apply the Power of a Point

PO^2 = r^2 + PT^2

Given PT = 3 meters, then:

PO^2 = r^2 + 9

Step 4: Find the Central Angle and Arc Measure

The key relationship is that the angle between the tangent lines at P, ∠APB,
is related to the arc length via:

measure of arc AB = 2  ∠APB (in degrees)

and

∠APB = 180° - measure of arc AB

Summary of Key Results and Implications

From the above analysis, several critical points can be summarized:

The two tangents from an external point are equal in length, here each



being 3 meters.

The angle between these tangents is directly related to the measure of
the smaller arc that they subtend.

The measure of the smaller arc can be determined if the external point's
position is known, or vice versa.

The relationships between the tangent length, the radius, and the
central angles form the backbone of circle geometry theorems.

Practical Applications and Problem-Solving
Strategies

Constructing Tangents and Arcs

Use a compass and straightedge to construct tangents from an external
point to a circle.

Measure the angles between tangents to determine the size of the
subtended arc.

Solving Related Geometric Problems

Identify known quantities: tangent lengths, circle radius, or angles.1.

Apply the power of a point theorem to relate distances.2.

Use inscribed and central angle theorems to find arc measures.3.

Use trigonometry to relate distances and angles when coordinates are4.
involved.

Conclusion



The statement that "each of the two tangents from an external point to a
circle 3 meters long, the smaller arc which the two tangents subtend"
encapsulates several core concepts in circle geometry. The equality of
tangent lengths, the relationship between the external point, the circle's
center, and the points of tangency, as well as the measure of the subtended
arc, all intertwine to form a cohesive geometric framework. Mastery of these
principles enables mathematicians and students to analyze complex
configurations, prove fundamental theorems, and solve practical problems
involving circles, tangents, and arcs. Understanding these relationships not
only deepens one's geometric intuition but also provides a solid foundation
for advanced studies in geometry and related fields.

Frequently Asked Questions

What is the length of each tangent drawn from an
external point to a circle with a 3-meter radius?
The length of each tangent from an external point to a circle with radius 3
meters is determined by the distance from the external point to the center.
If the external point is at a distance 'd' from the center, then the tangent
length is √(d² - 3²).

How is the smaller arc between two tangents from an
external point related to the tangents themselves?
The smaller arc between the two tangents is the minor arc connecting the
points of contact, and its measure is directly related to the angle between
the tangents at the external point, typically less than 180°.

If the two tangents from an external point are 3
meters long each, what is the distance from the
external point to the circle's center?
Using the tangent length formula, if each tangent is 3 meters, then the
distance from the external point to the circle’s center is √(3² + 3²) = √18 ≈
4.24 meters.

How do you find the measure of the smaller arc
between the two tangent points?
The measure of the smaller arc is equal to twice the angle between the
tangents at the external point, which can be calculated using the length of
the tangents and the distance from the external point to the circle’s center.



What is the significance of the two tangents from an
external point to a circle in geometric
constructions?
The two tangents are equal in length and are key in solving problems
involving external points, circle segments, and angles, as they help in
constructing and analyzing circle-related geometrical figures.

Can the length of the smaller arc be directly
determined from the tangent length and the external
point's distance?
Yes, by knowing the tangent length and the distance from the external point
to the circle's center, you can compute the angle between the tangents and
thus determine the measure of the smaller arc using circle theorems.

Additional Resources
Each of the Two Tangents from an External Point to a Circle 3 M Long, the
Smaller Arc Which the Two Angents is a classic problem in Euclidean geometry
that combines elements of circle theorems, tangent properties, and arc
measures. Understanding this topic not only deepens your grasp of fundamental
geometric principles but also enhances problem-solving skills, especially in
contexts involving circle-tangent relationships and arc calculations. In this
comprehensive guide, we'll explore the geometric concepts involved, analyze
the properties of tangents from an external point, and walk through the steps
to determine the smaller arc between the two tangents to a circle with a
known tangent length.

---

Introduction to Tangents and Circles

What Are Tangents to a Circle?

A tangent to a circle is a straight line that touches the circle at exactly
one point. This point is called the point of contact or point of tangency.
One of the key properties of tangents is that they are perpendicular to the
radius drawn to the point of contact:
- Property: The radius to the point of contact is perpendicular to the
tangent line.

External Points and Tangents

When a point lies outside a circle, it often has two possible tangents
connecting it to the circle:
- These are known as tangent segments.



- The two tangents are equal in length.
- The point from which these tangents originate is called the external point.

Understanding how these tangents relate to each other and to the circle forms
the foundation for solving problems involving tangent lengths and arc
measures.

---

The Geometric Setup

The Given Data

- A circle with an unknown radius \( R \).
- An external point \( P \) located outside the circle.
- The lengths of the two tangents from \( P \) to the circle are each 3
meters.
- The smaller arc between the two points of tangency is to be analyzed.

Visual Representation

Imagine a circle with external point \( P \). From \( P \), two tangent lines
\( PT_1 \) and \( PT_2 \) touch the circle at points \( T_1 \) and \( T_2 \),
respectively. Both tangent segments are 3 meters long.

---

Fundamental Properties and Theorems

Equal Length of Tangents From a Common External Point

- Theorem: From an external point \( P \), the lengths of the two tangents \(
PT_1 \) and \( PT_2 \) are equal.
- Implication: Since both are 3 meters, this confirms the setup is consistent
with the theorem.

Power of a Point Theorem

- The theorem states: From an external point \( P \), the product of the
lengths of the segments of any secant passing through the circle is equal to
the square of the tangent length.
- In our case: The power of point \( P \) with respect to the circle is \(
PT^2 = 3^2 = 9 \).

Relationship Between the External Point and the Circle

Using the right triangle formed by the radius, tangent, and the distance from
\( P \) to the circle's center \( O \):
- The distance \( OP \) from the external point to the circle's center can be
found using the Pythagorean theorem:



\[
OP^2 = R^2 + PT^2
\]

where \( PT = 3 \) meters.

---

Step-by-Step Analysis

Step 1: Establish the Coordinates

To analyze the problem systematically, assign a coordinate system:
- Place the circle at the origin \( O(0, 0) \).
- Let the external point \( P \) be at \( (d, 0) \), where \( d > R \).

Step 2: Express the Conditions for Tangency

The equations of the tangent lines from \( P(d, 0) \) to the circle \( x^2 +
y^2 = R^2 \) are:

\[
(y - m(x - d)) = 0
\]

or more straightforwardly, the line passing through \( P \) with slope \( m
\):

\[
y = m(x - d)
\]

The condition for tangency is that this line intersects the circle at exactly
one point, satisfying the quadratic's discriminant condition:

\[
\text{Discriminant} = 0
\]

which leads to the relation between \( R, d, \) and \( m \).

Step 3: Find the Equation for the Tangents

The distance from \( P \) to the tangent point \( T \) is 3 meters. Combining
the tangency condition with the given length, we can derive the position of
the tangent points.

Step 4: Determine the External Distance \( d \)

Using the relation:



\[
OP^2 = R^2 + PT^2
\]

we find:

\[
d^2 = R^2 + 9
\]

This links the external point's position to the circle's radius.

---

Calculating the Smaller Arc

Arc Measures and Central Angles

The key to understanding the smaller arc between the two points of tangency
lies in connecting the tangent points to the circle's central angles.

- The angle between the two tangents at the external point \( P \) can be
related to the angle at the circle's center subtended by the arc \( T_1T_2
\).

Step 1: Find the Angle Between the Tangents

Using the property of the tangent lines:

\[
\text{Angle between the tangents at } P = 2 \arcsin\left( \frac{R}{d} \right)
\]

which stems from the right triangle formed by the radius \( R \), the
external point \( P \), and the point of contact.

Step 2: Determine the Arc Measure

The smaller arc \( T_1T_2 \) corresponds to the central angle \( \theta \),
which is related to the angle between the tangents:
- Relation: The measure of the smaller arc \( T_1T_2 \) in degrees is:

\[
\text{Arc measure} = 180^\circ - \text{angle between the tangents}
\]

or, in radians:

\[
\text{Arc measure} = \pi - \text{angle between the tangents}
\]



Step 3: Final Calculation

Using the earlier relation:

\[
\text{angle between tangents} = 2 \arcsin \left( \frac{R}{d} \right)
\]

and recalling \( d^2 = R^2 + 9 \), we can express everything in terms of \( R
\) and compute the arc.

---

Practical Example and Numerical Solution

Suppose the tangent length is 3 meters, and we want to find the measure of
the smaller arc between the two tangent points.

Step 1: Express \( d \) in terms of \( R \):

\[
d = \sqrt{R^2 + 9}
\]

Step 2: Calculate \( \frac{R}{d} \):

\[
\frac{R}{d} = \frac{R}{\sqrt{R^2 + 9}}
\]

Step 3: Find the angle between tangents:

\[
\text{Angle} = 2 \arcsin \left( \frac{R}{\sqrt{R^2 + 9}} \right)
\]

Step 4: Determine the smaller arc:

\[
\text{Smallest arc} = \pi - \text{angle}
\]

Expressed in degrees:

\[
\text{Arc in degrees} = 180^\circ - \left( 2 \times \arcsin \left(
\frac{R}{\sqrt{R^2 + 9}} \right) \times \frac{180^\circ}{\pi} \right)
\]

---



Special Cases and Insights

When is the Smaller Arc Maximum?

- The maximum value of the smaller arc occurs when the external point is very
far away, making \( R/d \to 0 \).
- Conversely, the minimum arc occurs when the external point is close to the
circle, approaching the tangent point.

Practical Applications

Understanding these properties is crucial in fields like:
- Navigation and radar detection, where tangents are used to locate objects.
- Engineering design, especially in the design of curved structures.
- Geometry problem solving, in academic contexts involving circle theorems.

---

Summary of Key Takeaways

- The length of each tangent from an external point to a circle is equal.
- The relation \( OP^2 = R^2 + PT^2 \) links the external point, the radius,
and the tangent length.
- The angle between two tangents from an external point is \( 2 \arcsin ( R /
d ) \).
- The measure of the smaller arc between tangent points is \( 180^\circ - \)
the angle between the tangents.

---

Final Thoughts

Each of the Two Tangents from an External Point to a Circle 3 M Long, the
Smaller Arc Which the Two Angents offers a fascinating glimpse into the
elegant symmetry of circle geometry. By methodically applying theorems and
algebraic relationships, one can derive meaningful insights about the
circle's properties and the arcs defined by external tangents. Whether for
academic pursuits or practical applications, mastering these
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