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Understanding the equations of circles is a fundamental aspect of analytic
geometry, especially when dealing with specific conditions such as a given
diameter and the location of the circle’s center. In this article, we will
explore how to determine the equations of circles that satisfy these
criteria: having a diameter of 12 units and a center that lies somewhere on
the y-axis. We will analyze the geometric properties involved, derive the
general form of the equations, and provide step-by-step methods to identify
and write these equations effectively.

Basic Concepts of Circle Equations

Before delving into the specifics, let’s review the fundamental concepts
related to circles in the coordinate plane.

The Standard Equation of a Circle

The standard form of a circle's equation with center \((h, k)\) and radius
\(r\) is:

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

\((h, k)\) are the coordinates of the circle's center.
- \(r\) 1is the radius of the circle.

Relation Between Diameter, Radius, and Equation

— The diameter \(d\) of a circle is twice the radius:

\ [
d = 2r
\1

- Given the diameter, the radius can be calculated as:
\ [

r = \frac{d}{2}

\1]

— For a diameter of 12 units:



r = \frac{12}{2} = 6

Therefore, the equation of any circle with diameter 12 has a radius of 6, and
the standard form becomes:

\ [
(x — h)y*2 + (y — k)"2 = 36
\]

Centers Located on the Y-Axis

The problem specifies that the circle’s center lies on the y-axis. This
condition translates to:

\ [
h =20
\1]

since the x—-coordinate of the center 1s zero.

Deriving the Equations of the Circles

Given the above, the general equation for circles with a diameter of 12 units
and centers on the y-axis simplifies to:

\ [
(x = 0)"2 + (y - k)2 = 36
\]

which simplifies further to:

\ [
x"2 + (y - k)"2 = 36
\1

where \(k\) 1is any real number representing the y-coordinate of the circle's
center.

Range of Possible Centers

Since the circle has a fixed radius of 6 units, the center can be located
anywhere on the y-axis, but the circle must satisfy certain geometric
constraints:

— The circle is centered at \((0, k)\), with \(k \in \mathbb{R}\).
— The circle extends 6 units above and below the center along the y-axis.



Examples of Equations of Such Circles

To illustrate, here are several specific cases with different centers:

Circle Centered at (0, 0)

\ [
x~2 + yr2 = 36
\]

This circle has a radius of 6 units and is centered at the origin.

Circle Centered at (0, 5)

\ [
x"2 + (y - 5)"2 = 36
\]

This circle is centered 5 units above the origin on the y-axis.

Circle Centered at (0, -4)

\ [
x"2 + (y + 4)"2 = 36
\]

Centered 4 units below the origin.

General Equation for All Such Circles

By considering the coordinate of the center \(k\) on the y-axis, the general
form is:

\ [
x"2 + (y - k)2 = 36
\]

where \(k \in \mathbb{R}\).

This means there are infinitely many circles with the specified properties,
each distinguished by its center's y-coordinate.



Graphical Interpretation and Constraints

Understanding the graphical implications of these equations helps visualize
the collection of circles:

— All circles are centered somewhere along the y-axis \((0, k)\).

— The radius remains constant at 6 units.

— The circles will vary in size relative to their centers' positions along
the y-axis.

Are there any restrictions on \ (k\)?

Since the radius is fixed, and the center can be anywhere on the y-axis,
there are no restrictions on \(k\) in the pure geometric sense. The only
consideration might be specific application contexts or domain limitations.

Applications and Practice Problems

Understanding these equations is valuable in various real-world contexts,
such as:

— Designing circular components with fixed size but variable position.
- Solving geometry problems involving circles on coordinate axes.
— Analyzing geometric transformations involving circles.
Below are some practice problems to reinforce understanding:
1. Write the equation of a circle with a diameter of 12 units and its

center at \((0, -3)\).

2. Determine the equation of a circle with the same diameter, but centered
at \((0, 8)\).

3. Find the equation of all circles with diameter 12 units whose centers
are on the y-axis between \(k = -5\) and \(k = 5\).

Summary

In conclusion, the equations representing circles with a diameter of 12 units
and centers on the y-axis follow a straightforward pattern derived from the
standard circle equation. The key points are:

- The radius is fixed at 6 units.
— The center always lies on the y—-axis, so \(h = 0\).



— The general form of the equation is:

\ [
x"2 + (y - k)2 = 36
\]

where \ (k\) is any real number.

This understanding allows you to quickly write the equations for all such
circles, analyze their properties, and apply this knowledge in various
mathematical and real-world problems.

Conclusion

Mastering the derivation and interpretation of circle equations with specific
geometric constraints is essential in analytic geometry. Recognizing the
relationship between the diameter, radius, and center location enables you to
formulate the correct equation efficiently. Whether for academic purposes,
engineering design, or problem-solving, these principles form a core part of
understanding circles on the coordinate plane.

Frequently Asked Questions

What is the general form of the equation of a circle
with a given center and radius?

The general form is (x = h)y”2 + (y - k)*2 = r*2, where (h, k) is the center
and r is the radius.

How do I find the radius of a circle if its diameter
is 12 units?

The radius 1is half the diameter, so r = 12 / 2 = 6 units.

Since the circle's center lies on the y—-axis, what is
the x-coordinate of the center?

The x-coordinate is 0 because the center lies on the y-axis.

What are the possible coordinates for the center of
the circle?

The center could be at (0, k), where k is any real number on the y-axis.

What is the equation of a circle with diameter 12



units, center on y—-axis, and center at (0, k)?

The equation is (x — 0)"2 + (v — k)"2 = 672, which simplifies to x"2 + (y -
k)"~2 = 36.

Are there multiple circles that satisfy the
conditions, and how do their equations differ?

Yes, infinitely many circles with radius 6 and centers at (0, k) for any real
k; their equations differ only by the value of k in (y - k)"2.

Additional Resources

Equations Represent Circles That Have A Diameter Of 12 Units And A Center
That Lies On The Y-Axis

Understanding the equations of circles is fundamental in coordinate geometry,
especially when specific conditions such as a fixed diameter and a particular
location of the circle's center are involved. When asked, "Which equations
represent circles that have a diameter of 12 units and a center that lies on
the y-axis?", it becomes essential to analyze the geometric constraints and
translate them into algebraic equations. This article delves into the process
of deriving such equations, clarifying the underlying principles, and
providing illustrative examples to enhance comprehension.

Fundamentals of Circle Equations

Before tackling the specific problem, it is crucial to review the general
form of a circle's equation and its geometric interpretation.

Standard Equation of a Circle

The standard form of a circle's equation in the Cartesian coordinate system
is:

\[ (x — h)"2 + (y — k)"2 = "2 \]
where:
- \((h, k)\) is the center of the circle,

- \(r\) is the radius.

This form makes it straightforward to identify the circle's center and radius
directly from the equation.

Relationship Between Diameter, Radius, and Center

- Diameter (\(d\)) relates to the radius (\(r\)) by \(d = 2r\).
- For a diameter of 12 units, the radius is:



\[ r = \frac{d}{2} = \frac{12}{2} = 6 \]

— The center lies on the y-axis, which implies the x-coordinate of the center
is zero:

\[ h =0 \]

Therefore, the circle's center is at \((0, k)\), where \(k\) is some real
number.

Deriving Equations for the Given Conditions

Given the above, we can now formulate the equations representing circles with
the specified properties.

Center on the Y-Axis

— The center's x—-coordinate is zero: \ (h=0\).
- The center's y-coordinate \(k\) is variable, as it can be any real value.

Diameter of 12 Units

- Radius \(r = 6\).

General Equation

Combining the above:
N[ (x = 0)"2 + (y = k)?2 = 672 \implies x"2 + (y - k)"2 = 36 \]
where \ (k \in \mathbb{R}\).

Thus, the family of equations representing all circles with a diameter of 12
units and centers on the y-axis is:

\[ x*2 + (y - k)"2 = 36, \quad \text{for any real } k. \]

Exploring the Range of Possible Circles

This set of equations describes infinitely many circles, each centered at
\N((0, k)\) with radius 6. The specific value of \ (k\) determines the vertical
position of the circle.



Examples of Specific Circles

— For \ (k=0\):

\[ x*2 + y*2 = 36 \]
- Center at \((0, 0)\), radius 6, a circle centered at the origin.

— For \ (k=5\):

\[ x*2 + (y — 5)72 = 36 \]
- Center at \((0, 5)\), radius 6.

- For \ (k=-3\):

N[ x*2 + (y + 3)"2 = 36 \]
- Center at \((0, -3)\), radius 6.

This illustrates the vertical translation along the y-axis.

Implications and Applications

Understanding these equations has practical significance in areas such as
engineering, physics, and computer graphics, where positioning and sizing of
circles are essential.

Advantages of the Derived Equations

- Simplicity: The equations are straightforward, with only the \ (k\)

parameter varying.

- Flexibility: They describe an entire family of circles, making them
adaptable to different scenarios.

— Ease of visualization: The standard form allows quick plotting and

analysis.

Limitations or Considerations

— The equations assume the circle's center lies exactly on the y-axis; any
deviation invalidates these forms.

— The infinite family of solutions means additional constraints are necessary
to specify a single circle.

Alternative Forms and Representations

While the standard form is most common, other forms can sometimes offer
additional insights or computational advantages.



General Equation in Expanded Form

Expanding the standard form:

N[ x72 + (y — k)*2 = 36 \]
\[ x72 + y*2 - 2ky + k*2 = 36 \]
\[ x*2 + y*2 - 2ky = 36 - k"2 \]

This form may be useful when analyzing relationships involving \ (k\)
directly.

Parametric Equations

Parametric equations can describe these circles as:

\[ x = r \cos \theta \]
\[ vy = k + r \sin \theta \]
where \ (\theta \in [0, 2\pi)\).

This approach is particularly useful in calculus and computer graphics.

Summary and Concluding Remarks

In summary, the equations representing circles with a diameter of 12 units
and centers on the y—-axis are characterized by the standard form:

N[ x*2 + (y - k)"2 = 36 \]

where \ (k\) is any real number indicating the vertical position of the
circle's center. This family of equations encapsulates infinitely many
circles, all sharing the same radius but differing in their y-coordinate
centers.

Key features:

— The radius is fixed at 6 units.

- The center is always on the y-axis, at \((0, k)\).

— The equations are easy to manipulate and interpret, making them practical
in various mathematical and applied contexts.

Pros:

— Clear geometric interpretation.

- Straightforward derivation.

- Flexibility to model multiple scenarios by varying \ (k\).

Cons:
- Represents an infinite family unless additional constraints are introduced.
— Does not specify a unique circle without fixing \ (k\).

In practical applications, selecting a specific \(k\) based on the problem
context allows precise modeling. Overall, understanding these equations
enhances one's ability to analyze and visualize circles under given geometric
constraints, a crucial skill in many mathematical and engineering



disciplines.
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