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A Parabola, With Its Vertex At (0,0), Has A Focus On The Negative Part Of The Y-axis.
Which Statements is a compelling question that delves into the geometric properties and algebraic
representations of parabolas. Understanding this scenario requires a foundational grasp of conic
sections, particularly parabolas, their vertices, axes of symmetry, and the location of their foci. In this
article, we explore the various statements that accurately describe a parabola with its vertex at the
origin and its focus on the negative y-axis, providing insights into its geometric structure, algebraic
equations, and key characteristics.

Understanding the Basic Properties of a Parabola with
Vertex at (0,0)

What Is a Parabola?

A parabola is a symmetrical, U-shaped curve that is the locus of all points equidistant from a fixed
point called the focus and a fixed line called the directrix. Parabolas are conic sections generated
when a plane intersects a cone parallel to its side.

Vertex at the Origin

When the vertex of a parabola is at the coordinate point (0,0), it simplifies the algebraic
representation of the parabola. The vertex is the point where the parabola changes direction and acts
as the symmetry point of the curve.

Focus on the Negative Y-axis

The focus located on the negative part of the y-axis implies that the focus point has coordinates (0, -
p), where p > 0. This positioning influences the orientation and the equation of the parabola.

Key Characteristics of the Parabola with Focus on the
Negative Y-Axis

Orientation of the Parabola

Since the focus is on the negative y-axis, the parabola opens downward. This means the arms of the



parabola extend downward from the vertex at (0,0), with the parabola symmetric about the y-axis.

Equation of the Parabola

The standard form of the parabola's equation depends on the focus and vertex positions. For a
parabola with its vertex at the origin and focus at (0,-p), the equation is:

e Vertical parabola opening downward: y = - (1/ (4p)) x2

where p > 0 is the distance from the vertex to the focus.

Focus-Directrix Definition

The parabola is the set of all points equidistant from the focus and the directrix. For this configuration:
- The focus is at (0, -p).
- The directrix is the horizontal line y = p.

The points on the parabola satisfy the condition that their distance to the focus equals their distance
to the directrix.

Analyzing Statements About the Parabola

When considering statements about this specific parabola, certain properties are true while others are
false. Here are some key statements and their explanations:

Statement 1: The Parabola Opens Downward

This statement is true because the focus is below the vertex on the negative y-axis. The parabola
opens downward toward the focus at (0, -p).

Statement 2: The Equation of the Parabolals y = - (1 / (4p)) x2

This statement is true for the standard form of a parabola with focus at (0, -p) and vertex at (0,0). It
reflects the downward opening and the vertex at the origin.

Statement 3: The Focus Is Located at (0, p)

This statement is false. Since the focus is on the negative y-axis, its coordinates are (0, -p), not (0, p).



Statement 4: The Directrix Is the Liney = -p

This statement is false. For a parabola opening downward with focus at (0, -p), the directrix is the line
y = p, which is above the vertex.

Statement 5: The Axis of Symmetry Is the y-Axis

This statement is true. The parabola is symmetric about the y-axis because the vertex and focus are
located on the y-axis.

Statement 6: The Distance from the Vertex to the Focus Is p

This statement is true. The parameter p signifies the distance from the vertex at (0,0) to the focus at
(Or-p)'

Visualizing the Parabola with Focus on the Negative Y-
Axis

Graphical Representation

Visualizing the parabola involves plotting the vertex at the origin and the focus at (0, -p). The
parabola opens downward, with its arms extending infinitely downward, approaching but never
touching the directrix y = p.

Key Features to Note

e The vertex at (0,0).
e The focus at (0, -p).
e The directrix aty = p.

e The axis of symmetry along the y-axis.

Real-World Applications and Examples

Satellite Dish Design

Many satellite dishes are paraboloids that focus signals onto a receiver located at the focus point.



Understanding the position of the focus relative to the vertex is critical in designing efficient dishes.

Reflective Surfaces

Parabolic reflectors, such as headlights and telescopes, utilize the property that incoming parallel rays
(or signals) reflect to the focus. Knowing that the focus is below the vertex helps in constructing the
correct orientation.

Optical and Acoustic Applications

Parabolas are used in designing optical devices and acoustic mirrors where precise focus positioning
affects performance.

Summary: Which Statements Are Correct?

To sum up, when analyzing a parabola with its vertex at (0,0) and focus on the negative part of the y-
axis, the following statements hold true:

e The parabola opens downward.

e The focus is at (0, -p).

e The equation of the parabolaisy = - (1/ (4p)) x2.

e The axis of symmetry is the y-axis.

e The directrix isy = p.

e The distance from the vertex to the focus is p.

Conversely, the following statements are false:
e The focus is at (0, p).

e The directrix isy = -p.

Understanding these properties allows students, educators, and professionals to analyze, graph, and
apply parabolas effectively in various scientific and engineering contexts.



Frequently Asked Questions

What is the general form of a parabola with its vertex at the
origin and focus on the negative y-axis?

The parabola opens downward and can be expressed asy = - (1/(4a)) x™2, where the focus is at (0, -
a) fora > 0.

How does the position of the focus influence the parabola's
equation when the focus is on the negative y-axis?

Since the focus is at (0, -a), the parabola opens downward with the equationy = - (x"2) / (4a),
indicating a focus below the vertex.

What is the significance of the parabola's vertex being at the
origin in this context?

Having the vertex at (0,0) simplifies the equation and indicates that the parabola is symmetric about
the y-axis, opening downward toward the focus located below the vertex.

Which statement is true about the directrix of this parabola?

The directrix is a horizontal line above the vertex at y = a, parallel to the x-axis, since the focus is at
(OI _a)-

If a parabola opens downward with its focus on the negative
y-axis, what can be said about its axis of symmetry?

The axis of symmetry is the y-axis (x=0), passing through the vertex and focus, reflecting the
parabola's symmetry.

How can you determine if a point (x,y) lies on this parabola?

A point (x,y) lies on the parabola if it satisfies the equation y = - (x™~2) / (4a), with the focus at (0, -a).

What is the geometric focus of a parabola with vertex at (0,0)
and focus on the negative y-axis?

The focus is at a point (0, -a), located directly below the vertex, defining the parabola's shape and
direction.

Which statements accurately describe the parabola with its
focus on the negative y-axis?

Statements such as 'The parabola opens downward,' 'Its vertex is at the origin,' and 'The focus is



located at (0, -a)' are true.

How does the parabola’'s focus position affect its reflective
property?

Any point on the parabola reflects light to or from the focus at (0, -a), which is below the vertex,
demonstrating the parabola's property of reflecting signals toward the focus.

Can the parabola’'s equation be written in vertex form for this
scenario?

Yes, it can be written as 'y = - (x~2) / (4a), where the focus is at (0, -a), emphasizing its symmetry and
focus position.

Additional Resources

A Parabola, With Its Vertex At (0,0), Has A Focus On The Negative Part Of The Y-axis: Which
Statements Are Suitable?

Introduction

In the realm of conic sections, the parabola holds a special place due to its unique geometric and
algebraic properties. When analyzing a parabola with its vertex at the origin (0,0), a fundamental
question arises: how does positioning the focus relative to the vertex influence the parabola's
orientation and properties? Specifically, if the focus lies on the negative part of the y-axis, what
statements about the parabola become valid, and which ones do not? This investigation aims to
dissect this scenario comprehensively, providing clarity for educators, students, and researchers
interested in the geometric nuances of parabolas.

Understanding the Basic Definitions and Properties
The Parabola and Its Focus-Directrix Definition

A parabola is defined as the locus of points equidistant from a fixed point called the focus and a fixed
line called the directrix. When the vertex is at (0,0), and the focus is located elsewhere, the parabola's
equation and orientation depend heavily on the focus's position.

Key elements:

- Vertex: The point where the parabola changes direction; here, at (0,0).

- Focus: A fixed point; its position determines the parabola's orientation.

- Directrix: A fixed line, equidistant from the focus and the parabola, used in the focus-directrix
definition.



The Geometric Implication of Focus Location on the Negative Y-Axis
Positioning the Focus at (0, -p)

Suppose the focus is located at (0, -p), where p > 0. This placement places the focus directly below
the vertex along the negative y-axis.

Implication:

- The parabola opens downward (concave downward) because the focus lies below the vertex.
- The directrix, in this case, will be a line parallel to the x-axis aty = p.

Mathematically, the parabola's set of points satisfy:

\[
\text{Distance from } (x, y) \text{ to focus } = \text{Distance from } (x, y) \text{ to directrix}
\]

which leads to the standard form:

\[
y = -\frac{1}{4p} x~2
\]

for a parabola opening downward with vertex at (0, 0).

Analytical Derivation of the Parabola Equation

Given the focus at (0, -p) and the directrix y = p, the set of points (x, y) satisfying:
\[

\sqrt{(x-0)"2 + (y + p)"2} =y -p

\]

(since the focus is at (0, -p) and the directrix is at y = p), leads to the standard quadratic form:
\[

y = -\frac{1}{4p} x~2

\]

This confirms that the parabola opens downward with its vertex at the origin.

Which Statements About Such a Parabola Are Valid?

Understanding the geometric and algebraic features allows us to determine which statements are



appropriate when the focus is on the negative y-axis.

Deep Dive: Valid Statements and Their Justifications
1. The parabola opens downward

Validity: Yes.

Justification: Since the focus is at (0, -p), below the vertex at (0, 0), the parabola opens downward.
This is confirmed by the standard form \( y = -\frac{1}{4p} x"~2\), which indicates a downward
opening parabola.

2. The axis of symmetry is the y-axis

Validity: Yes.
Justification: The parabola is symmetric about the vertical line passing through its vertex at (0, 0),
which is the y-axis. This is due to the focus and directrix being aligned vertically.

3. The focus is inside the parabola

Validity: No.
Justification: For a parabola, the focus is located outside the curve, specifically along the axis of
symmetry, but not on the curve itself. The focus at (0, -p) lies below the parabola, not on it.

4. The parabola's directrix is above the vertex

Validity: Yes.
Justification: The directrix is at y = p, which is positive, while the vertex is at y=0. Since p>0, the
directrix is above the vertex, and the focus is below.

5. All points on the parabola are equidistant from the focus and the directrix

Validity: Yes.
Justification: By the fundamental definition of a parabola, any point (x, y) on it satisfies this property,
regardless of focus position.

6. The parabola intersects the y-axis at the vertex only

Validity: Yes.
Justification: For the standard form \( y= -\frac{1}{4p} x~2\), when \( x=0\), \( y=0\). Thus, the



parabola intersects the y-axis only at its vertex.

Additional Considerations and Edge Cases
Focusing on the Negative Y-axis: Other Focus Positions
While the primary focus is at (0, -p), scenarios where the focus is elsewhere can be considered:

- Focus at (-p, 0): parabola opens to the left.
- Focus at (p, 0): parabola opens to the right.
- Focus at (0, p): parabola opens upward.

However, in the specific case where the focus is on the negative y-axis, the main valid statements
pertain to its downward opening and symmetry about the y-axis.

The Role of the Parabola's Equation and Properties
The equation:

\[
y = -\frac{1}{4p} x"~2
\]

serves as the key analytical tool to verify the statements. Its features include:

- Symmetry about the y-axis.
- Opening downward.

- Vertex at (0, 0).

- Focus at (0, -p).

- Directrix at y = p.

Visual Representation and Geometric Intuition
Visual aids significantly enhance understanding. Plotting the parabola with focus at (0, -p) shows:

- The parabola opening downward.

- The focus located directly below the vertex.
- The directrix positioned above the vertex.

- The parabola symmetric about the y-axis.

This visualization confirms the theoretical statements and helps in understanding the geometric
relationships.



Practical Applications and Pedagogical Significance
Understanding the positioning of the focus on the negative y-axis is vital in:

- Optics: Designing parabolic reflectors where the focus's position affects the reflection properties.
- Architecture: Constructing parabolic arches that rely on precise focus placement.
- Physics: Analyzing projectile motions and trajectories modeled by parabolas.

In educational settings, emphasizing the focus's position helps clarify how geometric properties
influence algebraic representations.

Summary of Valid Statements

| Statement | Validity | Explanation |

I I | I

| The parabola opens downward | Yes | Focus below vertex, opens downward |

| The axis of symmetry is the y-axis | Yes | Symmetric about y-axis due to focus placement |

| The focus is inside the parabola | No | Focus lies outside, below the curve |

| The directrix is above the vertex | Yes | Located at y=p, above vertex |

| All points are equidistant from focus and directrix | Yes | Fundamental property of parabola |
| The parabola intersects the y-axis at the vertex only | Yes | At (0,0) only |

Conclusion

When a parabola with its vertex at (0,0) has its focus on the negative part of the y-axis, its primary
geometric features include a downward opening, symmetry about the y-axis, and a directrix
positioned above the vertex. The algebraic form aligns with these geometric insights, confirming the
validity of specific statements.

Understanding these properties offers deeper insights into conic sections and their applications across
various fields. It also reinforces the importance of coordinate geometry in visualizing and analyzing
complex geometric figures.

This thorough investigation provides a foundation for educators, students, and researchers to

accurately interpret and analyze parabolas with focus placements on the negative y-axis, fostering a
comprehensive understanding of their geometric and algebraic characteristics.

End of Article
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