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Understanding the geometric properties and intersections within a triangle is
fundamental in coordinate geometry. When given the vertices of a triangle,
such as A(-5, -2), B(7, -5), and C(3, 1), one common task is to find the
coordinates of special points within the triangle. These points include the
centroid, incenter, circumcenter, and orthocenter. Each of these points is
the intersection of different lines or segments associated with the triangle,
and their coordinates can be determined using specific formulas and methods.

In this comprehensive guide, we will explore how to find the intersection
points within Triangle ABC with the given vertices. We will focus on
calculating the centroid, incenter, circumcenter, and orthocenter, providing
step-by-step instructions, mathematical formulas, and explanations to enhance
your understanding of coordinate geometry principles.

Understanding the Vertices of Triangle ABC

Before delving into the calculations, it’s essential to understand what the
vertices A(-5, -2), B(7, -5), and C(3, 1) represent in the coordinate plane.

- Vertex A is located at (-5, -2), which is five units left of the y-axis and
two units below the x-axis.

- Vertex B is at (7, -5), seven units right of the y-axis and five units
below the x-axis.

- Vertex C is at (3, 1), three units right of the y-axis and one unit above
the x-axis.

Plotting these points on the coordinate plane helps visualize the triangle
and provides a foundation for understanding the location of various
intersection points.



Step 1: Calculating the Centroid of Triangle
ABC

The centroid of a triangle is the point where its three medians intersect.
The centroid is also known as the center of mass or the "balance point" of
the triangle. It can be found using a simple average of the x and y
coordinates of the vertices.

Formula for the Centroid

\ [
\text{Centroid } (G) = \left( \frac{x A + x B + x C}{3}, \frac{y A + y B +

y_C}{3} \right)
\]

Calculation

Given the vertices:

- \( A(-5, -2) \)
- \( B(7, -5) \)
-\ C(3, 1) \)

Compute the x-coordinate:

\ [
X G = \frac{-5 + 7 + 3}{3} = \frac{5}{3} \approx 1.6667
\1

Compute the y-coordinate:

\ [
y G = \frac{-2 + (-5) + 1}{3} = \frac{-6}{3} = -2
\1]

Coordinates of the Centroid

\ [

\boxed{

G \left( \frac{5}{3}, -2 \right) \text{ or approximately } (1.6667, -2)
}

\1



Step 2: Finding the Incenter of Triangle ABC

The incenter is the point where the angle bisectors of the triangle
intersect. It is also the center of the inscribed circle (incircle). The
incenter coordinates can be calculated using the vertices and the lengths of
the sides.

Step 2.1: Calculate Side Lengths

Using the distance formula:

\ [

d=\sqrt{(x 2 - x 1)"2 + (y 2 -y 1)*2}
\1

Calculate the lengths:

- \( AB \):

\ [

AB = \sqrt{(7 - (-5))"2 + (-5 - (-2))7"2} = \sqrt{(12)"2 + (-3)"2} = \sqrt{144
+ 9} = \sqrt{153} \approx 12.37

\1

- \( BC \):

\ [

BC = \sqrt{(3 - 7)"2 + (1 - (-5))"2} = \sqrt{(-4)"2 + 672}
\sqrt{52} \approx 7.21
\1]

\sqrt{16 + 36} =

- \( CA\):

\ [

CA = \sqgrt{(3 - (-5))"2 + (1 - (-2))"2} = \sqrt{8"2 + 372}
\sqrt{73} \approx 8.54

\1

\sqrt{64 + 9} =

Step 2.2: Calculate the Incenter Coordinates
The incenter \((I x, I y)\) is given by:

\ [
I x
\]
\ [
Iy
\]

\frac{a x A+ b x B+ cx C}{a+ b+ c}

\fracfay A+ byB+cyC}a+b+c}

Where:



- \( a =BC \) (opposite to A)

- \( b =CA\) (opposite to B)

- \( ¢c =AB \) (opposite to ()

Substituting:

\ [

a \approx 7.21,\quad b \approx 8.54,\quad c \approx 12.37
\1

Calculate:

\ [

I x = \frac{7.21 \times (-5) + 8.54 \times 7 + 12.37 \times 3}{7.21 + 8.54 +
12.37}

\1

\ [

I x = \frac{-36.05 + 59.78 + 37.11}{28.12} = \frac{60.84}{28.12} \approx 2.16
\1

Similarly for \( Iy \):

\ [

I y = \frac{7.21 \times (-2) + 8.54 \times (-5) + 12.37 \times 1}{28.12}
\1

\ [

I y=\frac{-14.42 - 42.7 + 12.37}{28.12} = \frac{-44.75}{28.12} \approx
-1.59

\1]

Coordinates of the Incenter

\ [
\boxed{
I \approx (2.16, -1.59)

}
\]

Step 3: Determining the Circumcenter of
Triangle ABC

The circumcenter is the point where the perpendicular bisectors of the sides
intersect. It is the center of the circumscribed circle (circumcircle).

Step 3.1: Find Midpoints of Sides



Calculate midpoints of at least two sides:

- Midpoint of AB:

\ [

M {AB} = \left( \frac{-5 + 7}{2}, \frac{-2 + (-5)}{2} \right) = (1, -3.5)
\1]

- Midpoint of AC:

\ [

M {AC} = \left( \frac{-5 + 3}{2}, \frac{-2 + 1}{2} \right) = (-1, -0.5)
\1]

Step 3.2: Find Slopes of Sides

- Slope of AB:

\
m {AB} = \frac{-5 - (-2)}{7 - (-5)} = \frac{-3}{12} = -\frac{1l}{4}
\1

- Slope of AC:

\ [

m {AC} = \frac{l - (-2)}{3 - (-5)} = \frac{3}{8}
\1]

Step 3.3: Find Perpendicular Bisectors

- Perpendicular bisector of AB:

- Slope of perpendicular bisector:

\ [
m {perp, AB} = 4
\1

- Equation passing through \( M {AB} (1, -3.5) \):

\ [

y + 3.5 =4 (x - 1) \Rightarrow y = 4x - 4 - 3.5 =4x - 7.5
\1]

- Perpendicular bisector of AC:

- Slope:

\ [

m {perp, AC} = -\frac{8}{3}
\1]



- Equation passing through \( M {AC} (-1, -0.5) \):

\ [
y + 0.5 = -\frac{8}{3} (x + 1)
\1

\ [

y = -\frac{8}{3} x - \frac{8}{3} - 0.5 = -\frac{8}{3} x - \frac{8}{3} -
\frac{1}{2}

\1]

Expressed with common denominator:

\ [

-\frac{8}{3} x - \frac{8}{3} - \frac{1l}{2} = -\frac{8}{3} x - \frac{8}{3} -
\frac{3}{6} = -\frac{8}{3} x - \frac{8}{3} - \frac{1l}{2}

\1]

Frequently Asked Questions

How do you find the intersection point of the
medians in triangle ABC with vertices A(-5, -2),
B(7, -5), and C(3, 1)?

To find the intersection of the medians (the centroid), calculate the average
of the x-coordinates and y-coordinates of the vertices: centroid X = (-5 + 7
+3)/3=5/3, Y=(-2+ -5+ 1)/3 = -2. The centroid is at (5/3, -2).

What is the significance of the intersection point
in triangle ABC with vertices A(-5, -2), B(7, -5),
and C(3, 1)?

The intersection point of the medians in a triangle is called the centroid,
which is the center of mass and balancing point of the triangle. For the
given vertices, the centroid is at (5/3, -2).

Can you explain the steps to find the centroid of
triangle ABC with vertices A(-5, -2), B(7, -5), and
C(3, 1)?

Yes. The steps are: 1) Sum the x-coordinates of all vertices and divide by 3:

(-5+ 7 + 3)/3 =5/3. 2) Sum the y-coordinates and divide by 3: (-2 + -5 +
1)/3 = -2/3. The centroid is at (5/3, -2/3).



What formula is used to find the intersection point
of the medians in a triangle given its vertices?

The centroid is found using the formula: ( (x1 + x2 + x3)/3, (yl + y2 + y3)/3
). For vertices A(-5, -2), B(7, -5), C(3, 1), the centroid is at (5/3, -2/3).

Is the intersection point of the medians in triangle
ABC unique, and what are its coordinates for the
given vertices?

Yes, the centroid is always unique for a triangle. For vertices A(-5, -2),
B(7, -5), and C(3, 1), the intersection point (centroid) is at (5/3, -2/3).

Additional Resources
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Introduction

In the realm of coordinate geometry, triangles serve as fundamental figures
that facilitate a deeper understanding of spatial relationships, point
intersections, and geometric properties. The problem of finding the
intersection point within a triangle, particularly the centroid, orthocenter,
or other notable points, is a classic yet intriguing challenge that combines
algebraic precision with geometric insight.

This article delves into the detailed process of determining the key
intersection point of triangle ABC with vertices A(-5, -2), B(7, -5), and
C(3, 1). While the specific intersection point isn't explicitly defined in
the problem statement, the most common and significant intersection point in
such contexts is the centroid-the point where the medians intersect, which
also acts as the triangle's center of mass.

We will thoroughly explore the mathematical foundations, step-by-step
calculations, and geometric interpretations involved in accurately locating
this point, providing a comprehensive guide suitable for students, educators,
and geometry enthusiasts.

Background and Significance of Key Triangle Centers

Before proceeding with calculations, it is essential to understand the
significance of various triangle centers and their typical points of
intersection:



- Centroid (G): The point where the three medians intersect; it divides each
median into a 2:1 ratio from vertex to centroid.

- Circumcenter (0): The intersection of the perpendicular bisectors of sides;
equidistant from all vertices.

- Incenter (I): The intersection of angle bisectors; the center of the
inscribed circle.

- Orthocenter (H): The intersection point of the three altitudes.

Given the problem's context and the common approach in coordinate geometry,

we will focus on calculating the centroid (G), which is straightforward and
significant for many geometric analyses.

Step 1: Understanding the Coordinates of Vertices

The vertices given are:

- A(-5, -2)
- B(7, -5)
- C(3, 1)

These points form the triangle ABC in a coordinate plane, and our goal is to
find the point where the medians intersect—the centroid.

Step 2: Theoretical Foundation — Centroid Formula

The centroid \( G(x G, y G) \) of a triangle with vertices \( A(x A, y A) \),
\( B(x B, y B) \), and \( C(x C, y C) \) can be calculated using the centroid
formula:

\ [
X G
\1]
\ [
y G
\1

\frac{x A + x B + x C}{3}

\frac{y A+ y B +y C}{3}

This formula arises from the fact that the centroid is the average of the x-
coordinates and the y-coordinates of the vertices.

Step 3: Applying the Formula
Substitute the given coordinates into the formulas:

\ [
x G = \frac{-5 + 7 + 3}{3} = \frac{5}{3} \approx 1.6667



\]
\ [
y G = \frac{-2 + (-5) + 1}{3} = \frac{-6}{3} = -2
\]

Thus, the coordinates of the centroid G are approximately:

\ [
\boxed{\left( \frac{5}{3}, -2 \right)} \quad \text{or} \quad (1.6667, -2)
\1]

Deep Dive: Geometric Interpretation and Verification

While the calculation appears straightforward, understanding its geometric
context enriches our comprehension.

The Role of the Centroid

- Acts as the center of mass if the triangle were a physical object with
uniform density.

- Balances the triangle geometrically.

- Divides each median in a 2:1 ratio from the vertex.

Verifying the Median Intersection

To verify that the calculated centroid is indeed the intersection point of
the medians, we can:

1. Find the midpoints of two sides, say \( M {BC} \) and \( M {AC} \).
2. Determine the equations of the medians from vertices A and B.
3. Confirm that these medians intersect at \( G( \frac{5}{3}, -2 ) \).

Step 4: Calculating Midpoints for Confirmation
Midpoint of BC:

\ [

M {BC} = \left( \frac{x B + x C}{2}, \frac{y B + y C}{2} \right) = \left(
\frac{7 + 3}{2}, \frac{-5 + 1}{2} \right) = (5, -2)

\1]

Midpoint of AC:

\ [

M {AC} = \left( \frac{-5 + 3}{2}, \frac{-2 + 1}{2} \right) = \left( -1, -0.5
\right)

\1]



Step 5: Equation of Medians
Median from A to M {BC}:

- \( A('5; '2) \)
-\ M_{BC}(5, -2) \)

Since both points share the same y-coordinate, the median from A to M {BC} is
a horizontal line at \(y = -2 \).

Median from B to M {AC}:

( B(7, -5) \)

-\
- \( M _{AC}(-1, -0.5) \)

Calculate the slope:

\ [

m = \frac{-0.5 - (-5)}{-1 - 7} = \frac{4.5}{-8} = -\frac{9}{16}
\1]

Equation of the median from B:

y - yB=m(x - x B) \Rightarrow y + 5 = -\frac{9}{16}(x - 7)
\1

Simplify:

\ [

y = -\frac{9}{16} x + \frac{63}{16} - 5
\]

\[

y = -\frac{9}{16} x + \frac{63}{16} - \frac{80}{16} = -\frac{9}{16} x -
\frac{17}{16}
\1]

Step 6: Find the Intersection of the Medians

Since the median from A to M {BC} is \( y = -2 \), substitute into the other
median's equation:

\ [
-2 = -\frac{9}{16} x - \frac{17}{16}
\1

Multiply through by 16 to clear denominators:



\ [
-32 = -9x - 17
\1

Solve for \( x \):

\ [

-9x = -32 + 17 = -15

\1

\ [

x = \frac{-15}{-9} = \frac{5}{3}
\1]

Corresponding \( y \):

A\
y = -2
\]

This confirms that the medians intersect at:

\ [
\boxed{\left( \frac{5}{3}, -2 \right)}
\1

which matches our earlier calculation for the centroid, confirming the
accuracy of our solution.

Additional Considerations: Other Intersection Points

While the centroid is the most common point of intersection associated with
medians, other notable points include:

- Circumcenter: Found by intersecting perpendicular bisectors.

- Orthocenter: Intersection of altitudes.

- Incenter: Intersection of angle bisectors.

Calculating these points involves different methods; however, given the data

and typical problem context, the centroid is the most relevant intersection
point in this scenario.

Conclusion

The comprehensive analysis and step-by-step calculations demonstrate that the
coordinates of the intersection point of the medians of triangle ABC are:

\ [



\boxed{\left( \frac{5}{3}, -2 \right)}
\1

This point is the centroid of the triangle, serving as a vital center of mass
and balancing point. The derivation involved verifying through both algebraic
formulas and geometric constructions, emphasizing the interconnected nature
of coordinate geometry concepts.

Understanding the precise location of the centroid enhances not only
geometric comprehension but also provides practical insights into
applications ranging from physics to computer graphics and engineering
design.
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This detailed investigation underscores the importance of algebraic and
geometric tools in solving classical problems, illustrating the beauty and
utility of coordinate geometry in both academic and real-world contexts.
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