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Understanding the relationships between lines in coordinate geometry is
essential for various mathematical and real-world applications. In this
article, we will explore how to determine whether the line segments AB and AC
are parallel, perpendicular, or neither, given the points A(9, -3), B(9, 4),
and C(-2, 10). We will also examine the role of point D, although the primary
focus remains on the relationship between AB and AC.

Understanding the Basics: Coordinates and
Slopes

Before analyzing the relationships between lines AB and AC, it is crucial to
understand the fundamental concepts involving points and slopes.

Coordinates of the Points

- Point A: (9, -3)
- Point B: (9, 4)

- Point C: (-2, 10)
- Point D: (-2, 6)

In the coordinate plane, these points are positioned as follows:
- A and B share the same x-coordinate, indicating a vertical alignment.
- C and D share the same x-coordinate, also indicating a vertical alignment.

Calculating the Slope of a Line

The slope (m) of a line passing through two points (xi, yi) and (X2, yz2) is
given by:

\[ m=\frac{y 2 - y 1}{x 2 - x 1} \]

This value indicates the steepness and the direction of the line:
- A slope of 0 indicates a horizontal line.
- An undefined slope (division by zero) indicates a vertical line.



- Different slopes imply the lines are neither parallel nor perpendicular
unless specific conditions are met.

Determining the Slopes of AB and AC

Let's compute the slopes of segments AB and AC to analyze their relationship.

Slope of AB

Points:
- A(9, -3)
- B(9, 4)

Calculation:
\[ m_{AB} = \frac{4 - (-3)}{9 - 9} = \frac{7}{0} \]

Since the denominator is zero, the slope is undefined, which indicates that
AB is a vertical line.

Slope of AC

Points:
- A(9, -3)
- C(-2, 10)

Calculation:
\[ m {AC} = \frac{1l0 - (-3)}{-2 - 9} = \frac{13}{-11} = -\frac{13}{11} \]

This slope is a finite, negative value, indicating that AC is neither
vertical nor horizontal; it has a negative slope.

Analyzing the Relationship Between AB and AC

Having determined the slopes, we can now analyze whether AB and AC are
parallel, perpendicular, or neither.

Parallel Lines

- Lines are parallel if their slopes are equal.
- Since \( m _{AB} \) is undefined (vertical) and \( m {AC} = -\frac{13}{11}
\), they are not parallel.



Perpendicular Lines

- Lines are perpendicular if the product of their slopes is -1.

- Vertical lines have an undefined slope, and horizontal lines have a slope
of zero.

- A vertical line is perpendicular to a horizontal line, but AC has a slope
of \(-\frac{13}{11}\), which is neither zero nor undefined.

- Therefore, AB and AC are not perpendicular.

Conclusion

Given the slopes, AB and AC are neither parallel nor perpendicular.

Role of Point D and Additional Considerations

While the primary focus is on the relationship between AB and AC, the point
D(-2, 6) can be used for further exploration, such as:

- Checking if D lies on line AC or AB.

- Investigating relationships between other segments or constructing
additional lines.

- Exploring properties like collinearity or distances, which can deepen
understanding but are not directly relevant to the parallel/perpendicular
analysis between AB and AC.

Summary of Key Findings

- The slope of AB is undefined, indicating a vertical line.

- The slope of AC is \(-\frac{13}{11}\), a finite negative value.

- AB and AC are neither parallel nor perpendicular based on their slopes.

- The relationship between AB and AC is that they intersect at A but do not
form a right angle or run parallel.

Practical Applications and Further Study

Understanding how to determine the relationship between lines in coordinate
geometry has numerous applications, including:

- Designing geometric shapes and ensuring specific angles.

- Analyzing paths and trajectories in physics.

- Developing computer graphics and CAD designs.

- Solving complex geometric problems in mathematics and engineering.

For further study, consider exploring:
- How to find the equation of the lines AB and AC.



- Calculating distances between points and segment lengths.
- Extending the analysis to other points and lines to explore more complex
relationships.

Final Thoughts

In conclusion, analyzing the slopes of line segments is a fundamental method
for determining whether lines are parallel, perpendicular, or neither. In the
case of points A(9, -3), B(9, 4), and C(-2, 10), the line AB is vertical, and
AC has a negative finite slope, indicating that these lines are neither
parallel nor perpendicular. Understanding these relationships enhances
spatial reasoning and problem-solving skills in coordinate geometry, which
are valuable in both academic and practical contexts.

Frequently Asked Questions

How do I determine if segments AB and AC are
parallel, perpendicular, or neither given points
A(9,-3), B(9,4), and C(-2,10)7?

Calculate the slopes of AB and AC. If the slopes are equal, they are
parallel; if their slopes are negative reciprocals, they are perpendicular;
otherwise, neither.

What are the slopes of segments AB and AC with
points A(9,-3), B(9,4), and C(-2,10)?

Slope of AB = (4 - (-3)) / (9 - 9) =7 / 0 (undefined, vertical line). Slope
of AC= (10 - (-3)) / (-2 - 9) =13 / (-11) = -1.18.

Are segments AB and AC parallel, perpendicular, or
neither based on their slopes?

Since AB has an undefined slope (vertical line) and AC has a slope of
approximately -1.18 (not vertical or horizontal), they are neither parallel
nor perpendicular.

What is the significance of a vertical slope when
comparing segments AB and AC?

A vertical line has an undefined slope, so for two segments to be parallel,
both must be vertical. Since only AB is vertical, they are not parallel; and
since AC is not vertical or horizontal, they are not perpendicular.



How can I confirm if AB and AC are perpendicular?

Two segments are perpendicular if the slopes are negative reciprocals. Since
AB is vertical and AC is sloped, they are not perpendicular.

What is the final conclusion about the relation
between AB and AC?

Segments AB and AC are neither parallel nor perpendicular based on their
slopes.

Does the point D(-2,6) affect the relationship
between AB and AC?

No, since the question pertains to segments AB and AC, point D is not
relevant for determining whether AB and AC are parallel or perpendicular.

Additional Resources

Determining Whether AB and AC Are Parallel, Perpendicular, or Neither: An In-
Depth Geometric Analysis

Understanding the relationships between lines in coordinate geometry is
essential for solving numerous problems involving slopes, angles, and
geometric configurations. This comprehensive review delves into the process
of analyzing whether two specific line segments—AB and AC—-are parallel,
perpendicular, or neither, given the points A(9, -3), B(9, 4), and C(-2, 10).
We will explore the foundational concepts, step-by-step calculations, and
implications of the results, ensuring a thorough grasp of the topic.

Foundational Concepts in Coordinate Geometry

Before analyzing the specific points and lines, it’s crucial to review some
fundamental concepts that underpin the analysis:

1. Coordinates and Points

- Definition: A point in the Cartesian plane is represented by an ordered
pair (x, y).

- Given points:

- A(9, -3)
- B(9, 4)
- C(-2, 10)

N

. Line Segments and Their Slopes



- Line segment: The straight line connecting two points, such as AB or AC.
- Slope (m): A measure of the steepness of a line, defined as the ratio of
the change in y to the change in x between two points:

\ [
m = \frac{y 2 - y 1}{x 2 - x 1}
\1]

- Note: If \(\Delta x = 0\), the line is vertical, and the slope 1is
undefined.

3. Parallel and Perpendicular Lines

- Parallel lines:

- Have equal slopes (\(m 1 = m 2\))

- Never intersect

- Perpendicular lines:

- Have slopes that are negative reciprocals of each other:

\[
m 1 \times m 2 = -1
\]

- They intersect at right angles (90°).

Step-by-Step Calculation of Slopes for AB and
AC

To determine the relationship between AB and AC, we need to compute their
slopes:

1. Calculating the Slope of Line Segment AB

- Points:

\ [

A(9, -3), \quad B(9, 4)
\1]

- Change in y (\(\Delta y {AB}\)):
\ [

4 - (-3) =4+3=7

\1

- Change in x (\(\Delta x_{AB}\)):



\ [
9 -9=0
\]

- Slope \(m {AB}\):

\ [

m {AB} = \frac{7}{0}
\1

- Interpretation:

- Since the denominator is zero, slope is undefined.
- Conclusion: Line AB is vertical.

2. Calculating the Slope of Line Segment AC

- Points:

\ [

A(9, -3), \quad C(-2, 10)
\1]

- Change in y (\(\Delta y {AC}\)):
\ [

10 - (-3) =10 + 3 = 13

\1]

- Change in x (\(\Delta x {AC}\)):
\ [

2 -9 =-11

\1]

- Slope \(m _{AC}\):

\ [

m {AC} = \frac{13}{-11} = -\frac{13}{11}
\1]

- Interpretation:

- The slope is a rational number, approximately -1.1818.
- The line is neither vertical nor horizontal.



Analyzing the Relationship: Parallel,
Perpendicular, or Neither

Having calculated the slopes, we now analyze their relationship to classify
the lines:

1. Are AB and AC Parallel?

- Parallel lines must have equal slopes.
- Slopes:

- \(m _{AB}\): undefined (vertical line)
- \(m_{AC}\): \(-\frac{13}{11}\)

- Conclusion:

- Since one line is vertical and the other is not, they are not parallel.

- Vertical lines are only parallel to other vertical lines, which is not the
case here.

2. Are AB and AC Perpendicular?
- Perpendicular lines satisfy:

\ [
m {AB} \times m {AC} = -1
\1

- Since \(m {AB}\) is undefined, the product involving an undefined slope is
not defined.
- Alternative approach:

- A vertical line is perpendicular to a horizontal line.

- Is \(m {AC}\) horizontal? No, because its slope is \(-\frac{13}{11}\).
- Conclusion:

- Vertical line (AB) 1is perpendicular to horizontal lines.

- Since AC is neither vertical nor horizontal, AB and AC are neither
perpendicular nor parallel.

Additional Geometric Considerations

While the primary analysis based on slopes suffices for classifying the
relationship between segments AB and AC, considering their positions relative
to each other can provide further insights:



1. Visualizing the Lines

- Line AB:
- Vertical line passing through \(x=9\).
- Extends from \(-3\) to 4 in vy.

- Line AC:

- Passes through points \(A(9, -3)\) and \(C(-2, 10)\).

- Slope is approximately \(-1.1818\), indicating a downward slope from left
to right.

2. Distance Between Points

- For completeness, calculating the lengths of segments AB and AC:

- AB:

\ [

\text{Distance} = \sqrt{(9 - 9)"2 + (4 - (-3))"2} = \sqrt{0"2 + 7°2} =7

\1]

- AC:

\ [

\sqrt{(-2 - 9)72 + (10 - (-3))"2} = \sqrt{(-11)"2 + 1372} = \sqrt{121 + 169}

= \sqrt{290} \approx 17.03
\1]

Implication:
AB is a vertical segment of length 7.
AC is longer, approximately 17.03 units.

3. Angles Between the Lines

Since the slopes differ significantly, the angle \(\theta\) between the
lines can be found via:

\ [
\tan \theta = \left| \frac{m 1 - m 2}{1 + m_ 1 m 2} \right|

\1]

- But with one slope undefined (vertical line), the angle between a vertical
line and a non-vertical line is simply:

\ [
\theta = 90"™\circ - |\arctan(m_ {AC}) |
\1

- Calculating the angle:

\ [



\arctan(m {AC}) = \arctan\left(-\frac{13}{11}\right) \approx -49.4"\circ
\1

- Absolute value: approximately 49.4°.
- Therefore, the angle between AB (vertical) and AC:

\ [
\theta \approx 90™\circ - 49.4"\circ = 40.6"\circ
\1]

- Interpretation:
- The lines intersect at roughly 40.6°, confirming they are neither
perpendicular nor parallel.

Summary of Findings

| Relationship Aspect | Result |

oo oo |

| Slope of AB | Undefined (vertical line) |

| Slope of AC | \(-\frac{13}{11}\) (approximately -1.1818) |

| Are AB and AC parallel? | No (slopes are not equal; one is vertical, the
other not) |

| Are AB and AC perpendicular? | No (vertical line is only perpendicular to
horizontal lines) |

| Angle between AB and AC | Approximately 40.6° |

| Length of AB | 7 units |

| Length of AC | Approximately 17.03 units |

Conclusion and Final Remarks

The analysis demonstrates that lines AB and AC are neither parallel nor
perpendicular. The key points are:

- AB is a vertical line passing through \(x=9\).

- AC has a negative slope, indicating it slants downward from left to right.

- The lines intersect at an angle of approximately 40.6°, which is neither 0°
(parallel) nor 90° (perpendicular).

- Their positions in the coordinate plane confirm the absence of parallelism

or perpendicularity.

This detailed examination highlights how calculating slopes and analyzing



their properties is foundational in coordinate geometry
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