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Understanding how to derive the equation of lines and circles is fundamental in coordinate geometry.
Whether you're a student preparing for exams or a math enthusiast exploring geometric principles,
grasping these concepts enhances your problem-solving skills. This article delves into the process of
determining the equation of a line segment labeled FG, as well as deriving the equation of a circle when
given specific distance constraints, particularly when the distance from a point F to another point B is a

square number.

Understanding the Basics of Coordinate Geometry

Before diving into the specific problems, it's essential to review some foundational concepts in coordinate

geometry:

Points and Coordinates

- A point in the plane is represented by its coordinates (x, y).

- Coordinates help in translating geometric problems into algebraic equations.

Lines and Their Equations

- The equation of a line passing through points \( (x_1, y_1) \) and \( (x_2, y_2) \) can be found using the
two-point form.

- Slope-intercept form \( y = mx + ¢ \) is often used once the slope \( m \) and a point are known.



Circles and Their Equations

- The general equation of a circle with center \( (h, k) \) and radius \( r \) is \( (x - h)"2 + (y - k)"2 =1"2\).

Part 1: Determining the Equation of Line FG

Suppose points F and G are known or given in a problem, and you are asked to find the equation of the line

segment FG or the line passing through these points.

Step 1: Identifying Coordinates of F and G

- Obtain the coordinates \( (x_F, y_F) \) and \( (x_G, y_G) \).

- These could be provided directly or derived from geometric figures.

Step 2: Calculating the Slope of FG

- The slope \( m \) of the line passing through F and G is:

\[
m = \frac{y_G - y_F}{x_G - x_F}

\

- The slope indicates the rate at which y changes with respect to x along the line.

Step 3: Formulating the Equation of Line FG

- Using the point-slope form:

\

y-y_F=m (x - x_F)

\

- Alternatively, if the points are known, the line's equation can be written explicitly in slope-intercept

form after algebraic manipulation.



Step 4: Example Calculation

Suppose:
-\(F(2,3)\)
-\(G(5,7)\)

Calculate:

- Slope:

\
m = \frac{7 - 3}{5 - 2} = \frac{4}{3}

\

- Equation:

\
y - 3 =\frac{4}{3}(x - 2)

\

Or in slope-intercept form:

\[
y = \frac{4}{3}x - \frac{8}{3} + 3 = \frac{4}{3}x + \frac{1}{3}

\]

Thus, the equation of line FG is:

\[
y = \frac{4}{3}x + \frac{1}{3}

\

Part 2: Determining the Equation of a Circle When the Distance

from F to B is a Square

This part involves a more complex geometric problem: given points F and B, and knowing that the
distance between them is a perfect square number, find the equation of the circle that passes through these

points or is related to them.



Step 1: Understanding the Distance Condition

- The distance \( d \) between points F \( (x_F, y_F) \) and B \( (x_B, y_B) \) is given by:

\[
d = \sqrt{(x_B - x_F)"2 + (y_B - y_F)"2}

\]

- If\(d"2\) is a perfect square, then:

\[
(x_B-x_F)2+ (y_B-y_F)2=k"2

\

where \( k \) is an integer.

Step 2: Applying the Distance Condition to Circle Equation

- The general equation of a circle with center \( (h, k) \) and radius \( r \):

\[
(x-h)2 + (y - k)"2 = "2

\

- If F and B lie on the circle, then:

\[
(x_ F-h)"2+(y_F-k)'2=r"2

\]
\[
(x_ B-h)"2+ (y_B-k)*2=r"2
\]

- Subtracting the two equations:

\[
(x_F-h)"2-(x_B-h)"2+(y_F-k)"2-(y_.B-k)*2=0
\]

- Simplifying:

\



[(x_F - h) - (x_B - h)] \times [(x_F - h) + (x_B - h)] + [(y_F - k) - (y_B - k)] \times [(y_F - k) + (y_B - k)] =
0
\]

\
(x_F - x_B) \times (x_F + x_B - 2h) + (y_F - y_B) \times (y_F + y_B - 2k) =0

\

- This relation helps in determining the circle's center.

Step 3: Using the Distance Condition to Find the Radius

- Since the squared distance between F and B is \( k"2 \):

\[
(x B-x_F)2+(y_B-y_F)"2=k"2

\

- If the circle passes through both F and B, then the diameter of the circle is at least the distance between

these points, and the radius \( r \) is:

\
r \geq \frac{k}{2}

\]

depending on the circle's placement.

Step 4: Example Problem

Suppose:

\(F(1,2)\)

_\(B(4, 6)\)

- The distance squared \( d"2 = 25 \), which is a perfect square (\( 5"2 \)).

Calculate:

- Distance:

\
(4-1)2+(6-2)2=32+4"2=9+16=25

\]

- The circle passing through F and B has radius:



\[
r = \frac{\sqrt{25} }{2} = \frac{5}{2} = 2.5

\]

- Center of the circle can be found as the midpoint of F and B:

\[
h = \frac{x_F + x_B}{2} = \frac{1 + 4}{2} = 2.5

\

\
k = \frac{y_F + y_B}{2} = \frac{2 + 6}{2} = 4

\

- Equation of the circle:

\[
(x - 25)"2 + (y - 4)"2 = (25)"2 = 6.25

\

Note: This is one possible circle passing through F and B with the given distance condition. Additional

circles can be constructed depending on the problem constraints.

Advanced Topics: Combining Both Problems

In complex geometric problems, you might need to find the equation of line FG and a circle

simultaneously, especially when F, G, and B are related through geometric constraints.

Example Scenario

- Points F, G, and B are given.

- The line FG is defined by points F and G.

- The circle passes through points F and B.

- The distance from F to B is a perfect square, and the goal is to find the circle's equation and the line's

equation.



Approach to the Combined Problem

1. Determine the equation of FG using the method described in Part 1.

2. Calculate the distance between F and B, check if it is a perfect square.

3. Find the circle's center and radius based on points F and B, considering the distance condition.
4. Verify if G lies on the circle or if there are additional constraints.

5. Write the equations for

Frequently Asked Questions

How do you determine the equation of a circle if the distance from the

focus F to point B is given as a square?

To determine the equation of the circle, identify the center and radius based on the given focus F and the

distance to point B squared, then use the standard form (x - h)"2 + (y - k)"2 = r"2.

What is the significance of the distance from F to B being squared in
circle equations?

The squared distance indicates the radius squared of the circle, which is a key component in deriving the

circle's equation from geometric properties.

How can I find the equation of a circle when given the focus point F and

the squared distance to point B?

Identify the coordinates of the focus F, determine the radius as the square root of the squared distance, and
then write the equation as (x - h)*2 + (y - k)"2 = r"2.

‘What role does the focus F play in defining the circle's equation?

In certain cases, especially for conic sections like ellipses or circles, the focus F helps determine the position

and size of the circle, particularly when combined with other points or distances.

Can the equation of the circle be directly determined from the focus F
and the squared distance to B without additional information?

Typically, additional information such as the circle's center or radius is needed; knowing only the focus and

a squared distance may require supplementary data to fully determine the circle's equation.



What formulas are useful for deriving the circle equation from focus and

distance measurements?

The standard circle equation (x - h)"2 + (y - k)"2 = r"2, where (h,k) is the center and r is the radius, and

the distance formula for calculating r from the focus F and point B.

How does the concept of the focus differ in circles compared to other

conic sections?

In circles, the focus is often used in specialized contexts; generally, circles are defined by their center and

radius, but in certain geometric constructions, the focus can help locate points on the circle.

What is the step-by-step process to derive the equation of a circle given

these parameters?

Identify the focus F coordinates, determine the distance to B as the radius (by taking the square root of the

squared distance), then substitute into the standard circle equation to find its explicit form.

Are there special cases where the focus F lies on the circle itself when
the distance from F to B is squared?

Yes, if the focus F coincides with point B or if the distance squared equals the radius squared, then F may

lie on the circle, affecting the specific form of the equation.

Additional Resources
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Understanding geometric concepts and their algebraic representations is fundamental in both pure
mathematics and applied sciences. Among these, the equations of lines and circles serve as foundational tools
for analyzing shapes, designing structures, and solving real-world problems. This article explores two
interconnected problems: first, how to determine the equation of a line segment FG, and second, how to

find the equation of a circle when given specific conditions involving distances from points.

By examining these problems in detail, readers will gain insights into the methods of deriving equations
from geometric conditions, using coordinate geometry principles, and applying algebraic techniques.
Whether you're a student preparing for exams, a teacher designing lessons, or a professional working on

geometric modeling, this comprehensive guide aims to clarify these concepts with clarity and depth.



Understanding the Problem: An Overview

Before diving into the mathematical derivations, it’s essential to understand what each problem entails:

- Determine the equation of FG: This involves finding the algebraic equation of a line segment connecting

points F and G, given their coordinates or other known conditions.
- Determine the equation of the circle if the distance from F to B is square: This phrase, though slightly
ambiguous at first glance, suggests a scenario where the distance between certain points (F and B) relates to

the parameters of a circle, possibly involving the radius squared or other geometric constraints.

Let’s explore each component systematically, starting with the fundamentals of coordinate geometry.

The Coordinate Geometry Foundations

Coordinate geometry provides a bridge between algebra and geometry, allowing us to represent geometric

figures through equations and vice versa.

Key Concepts:

- Points: Denoted as (x, y), representing their position on the Cartesian plane.

- Line Equation: Expresses the set of all points lying on a straight line.

- Circle Equation: Represents all points equidistant from a fixed point (the center).

Determining the Equation of Line Segment FG

Step 1: Identifying Coordinates of F and G

Suppose points F and G are given as:

-F=(x1, y1)
-G = (X2 y2)

If the points are not explicitly provided, they are often derived from context, such as intersections,

midpoints, or given conditions.



Step 2: Finding the Slope of FG

The slope (m) of the line passing through F and G is calculated as:
\[ m = \frac{y_2 - y_1}{x_2 - x_1} \]

This slope indicates the direction of the line.

Step 3: Equation of the Line FG

Using point-slope form:

\y-y_1=m(x-x_1)\]

Alternatively, the general form of the line:

\Ax+ By +C=0\]

can be derived by manipulating the point-slope equation.

Step 4: Equation of the Line Segment

Since FG is a segment, not just an infinite line, additional constraints such as the endpoints or the range of

x-values are considered. For algebraic purposes, the line equation remains the same, but the segment is

understood to be between F and G.

Example: Practical Application

Suppose:
-F=(2,3)
-G=(57)

Calculate the slope:

\[ m = \frac{7 - 3}{5 - 2} = \frac{4}{3} \]

Equation of FG:

[y -3 = \frac{d){3) (x - 2) \]
\[ v - 3 = \frac{4}{3}x - \frac{8}{3} \]



\[ y = \frac{4}{3}x - \frac{8}{3} + 3 \]
\[ y = \frac{4}{3}x + \frac{1}{3} \]

This is the line's equation passing through F and G.

Determining the Equation of the Circle with a Specific Distance Condition

The second part involves understanding how the distance between points—particularly from F to B—is

squared and how that relates to the circle's equation.
Clarifying the Geometric Scenario

Suppose:

- Point F is fixed at (x_f, y_f)

- Point B is variable or specified at (x_b, y_b)

- The distance squared between F and B is given as some value, say, \( d"2 \)

The goal is to find the equation of the circle that encompasses point B, given the distance condition.

Step 1: Recall the Standard Equation of a Circle
The standard form of a circle with center (h, k) and radius r:
\[(x-h)"2+ (y-k)"2=r"2\]

The important aspect here is the radius squared, which relates directly to the distance from the center to

any point on the circle.

Step 2: Relate the Distance from F to B to the Circle
If the distance from F to B is squared:
\[d"2=(x_b-x_D)"2+(y_b-y_)2)\]

Given that this distance squared is specified, it can be used to determine the circle’s radius.



Case 1: F is the circle's center

If point F is the circle's center, then:
\[ "2 =d"2\]

and the circle's equation becomes:
\[(x - x_£)"2+(y-y_£)2=d"2\]
Case 2: F is not at the center

If F is not at the center, but a point on the circle or related to it, additional information is needed to find the

circle’s parameters.

Step 3: Constructing the Equation of the Circle

Assuming F is the center, and the distance from F to B is squared (say, \( s \)), then:

\

(x-x )2+ (y-y0)2=s

\

The value \( s \) can be given or calculated based on the problem's data.
Example: Applying the Distance Squared Condition

Suppose:

-F=(1,2)
- The distance from F to B is \( \sqrt{5} \)

Then,

\[d"2=51]

The circle centered at F:
\[(x-1)2+(y-2)"2=5)\]

This equation represents all points B that are at a distance \( \sqrt{5} \) from F.



Additional Considerations and Special Cases

- If the distance from F to B is not just a fixed value but related to other parameters, algebraic manipulation

can help express the circle's equation accordingly.

- If multiple points or constraints are involved, systems of equations may be necessary to determine the

circle's center and radius.

- In cases where the problem involves tangents, chords, or other geometric features, additional formulas

and geometric theorems like the Power of a Point or the Distance Formula can be employed.

Summary of the Approach

| Step | Action | Key Formula / Concept |

oo

| 1| Find coordinates of F and G | Given or deduced from context |

| 2 | Calculate slope of FG | \( m = \frac{y_2 - y_1}{x 2 -x_1} )|

| 3| Write line equation | \(y - y_1=m (x - x_1) \) |

| 4 | For the circle, identify center and radius | Use distance formulas and given conditions |
| 5| Write circle equation | \( (x - h)"2 + (y - k)2 =1"2) |

Practical Applications and Relevance

Understanding how to determine the equations of lines and circles based on geometric conditions is vital

across multiple domains:

- Engineering Design: Precise modeling of structures and mechanical parts
- Computer Graphics: Rendering shapes and paths

- Navigation Systems: Calculating routes and zones

- Robotics: Path planning and obstacle avoidance

- Mathematical Education: Developing problem-solving skills

Concluding Remarks

Deriving the equations of geometric figures from given conditions is a core skill in coordinate geometry.



Whether determining the line passing through two points or describing a circle based on distance
constraints, the key lies in translating geometric intuition into algebraic formulas. By mastering these
methods, students and professionals alike can analyze complex shapes, solve practical problems, and deepen

their understanding of spatial relationships.

Understanding the specifics—like what the phrase "if the distance from F to B is square” precisely
entails—requires careful interpretation, but the foundational principles remain consistent. With practice,

these techniques become intuitive tools for navigating the rich landscape of geometry and algebra.

Note: To apply these concepts to specific problems, ensure all given data points and conditions are clearly

identified. Any ambiguities in the original problem statement should be clarified for precise solutions.
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