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3.1 Investigate Properties of Triangles

The distribution of an object’s mass
around its balance point is such
that no net force acts to tilt the
object. In fact, the object acts like
its entire mass is concentrated at a
point directly above the balance
point. Calculating a balance point
accurately can be crucial in the
design of aircraft, ships, lift
bridges, cranes, and other
machinery. Analytic geometry 
can help find balance points 
and other properties of
geometric shapes.

� ruler

� cardboard

� scissors

� compasses

Tools

Investigate

How can you find the balance point of a flat triangular object?

Method 1: Use Pencil and Paper

1. Draw a large triangle on a sheet of paper. Then, draw an identical
triangle on cardboard and cut out this triangle.

2. Move the cardboard triangle around on the tip of a pencil until
you find the point where the triangle balances on the pencil. Mark
this balance point. Then, mark the corresponding point on the
triangle on the sheet of paper.

3. Fold the paper triangle along one of its medians. Where is the
balance point relative to this fold?

4. Explain how you know that the median bisects the area of the
triangle. Will the cardboard triangle balance on the edge of a ruler
if the median is aligned with the edge? Explain your reasoning. 
Try balancing the cardboard triangle on the edge of a ruler.

5. Fold the paper triangle in half along a different median. What 
do you notice about the balance point?

6. Fold the paper triangle along the third median. What do you
notice about the creases from the three folds? Check whether 
your classmates get the same result.



7. Reflect 

a) Are the medians of your triangle ? Do you think
that all triangles have this property? Explain your reasoning.

b) How is the balance point of your triangle related to the
of the triangle? Do you think that this relationship

applies for all triangles? Explain.

Method 2: Use The Geometer’s Sketchpad®

1. Construct any
triangle. Then,
construct the
three medians 
of the triangle.
Are the medians

?

2. Observe the
intersection of the
medians while
you drag each of 
the vertices of the
triangle to change 
the shape of the triangle.

3. Reflect Does every triangle have a , a single point where
all three medians intersect? Explain your reasoning.

4. Construct and measure the areas of the two triangles that have
median AE as their base. Compare these areas. Then, construct 
the altitude to AE for both triangles. Compare the lengths of
these altitudes.

5. Compare the areas and altitudes of the two triangles that have 
median BF as their base. Then, compare the areas and altitudes 
of the two triangles that have median CD as their base.

6. Drag the vertices of the original triangle around the screen. Do 
the relationships among the areas and altitudes of the smaller
triangles change?

7. Reflect 

a) What property does the median of a triangle have? Explain 
how you know that all medians have this property.

b) Will a flat triangular object balance if it is placed with one 
of its medians along the edge of a ruler? Explain.

c) Where is the balance point of a flat triangular object? 
Explain your reasoning.

centroid
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centroid
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� computer with The
Geometer’s Sketchpad®

Tools

Technology Tip
When there are
overlapping triangles, you
can change which interior
is selected by clicking on
it again.

� meeting at a single point

� the point where the three
medians of a triangle
intersect

centroid

concurrent



Method 3: Use a Graphing Calculator

1. Start the Cabri® Jr. application. Choose Triangle from the F2
menu, and draw a large triangle. Choose Midpoint from the F3
menu, and construct the midpoint of each side of the triangle.
Choose Segment from the F2 menu, and draw the medians of the
triangle by joining each vertex to the midpoint of the opposite
side. Are the medians ?

2. Move the cursor to one of the vertices of the triangle. Press a.
Observe the intersection of the medians while you drag the vertex
of the triangle to change the shape of the triangle. Try dragging the
other vertices as well.

3. Reflect Does every triangle have a , a single point where
all three medians intersect? Explain your reasoning.

4. Construct a new triangle on top of the original triangle by selecting
the endpoints of a median and one of the other vertices of the
original triangle. Measure the area of the new triangle. Then,
construct the other triangle that has the median as its base, and
measure the area of this triangle. Compare the areas of the two
smaller triangles. How are the altitudes to the common base of the
two triangles related?

5. Compare the areas and altitudes of the two triangles that have the
second median as their base. Then, compare the areas and altitudes
of the two triangles that have the third median as their base.

6. Drag the vertices of the original triangle around the screen. Do 
the relationships among the areas and altitudes of the smaller
triangles change?

7. Reflect 

a) What property does the median of a triangle have? Explain 
how you know that all medians have this property.

b) Will a flat triangular object balance if it is placed with 
one of its medians along the edge of a ruler? Explain.

c) Where is the balance point of a flat triangular object? Explain
your reasoning.

centroid

concurrent
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� TI-83 Plus or TI-84 Plus
graphing calculator

Tools

Technology Tip
Measure the area of 
each triangle before
constructing the next
triangle on top of it. Once
a triangle is covered, you
cannot select it for
measurement.
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Example Median of an Isosceles Triangle

What are the properties of the median from the vertex between 
the equal sides of an isosceles triangle?

Solution

Draw any isosceles triangle. Label the equal sides
AB and AC. Let D be the midpoint of BC.

The right bisector of a line segment includes all
points that are equidistant from the endpoints of
the line segment. Since AB � AC, vertex A lies on
the right bisector of BC. The midpoint, D, also lies 
on the right bisector of BC. So, AD is perpendicular to BC.

Since the median from vertex A is perpendicular to BC, 
this median is also the altitude from vertex A.

�ABC and �ACD have side AD in common. The other corresponding
sides of these two triangles are equal since AB � AC and D is the
midpoint of BC. Therefore, �ABD and �ACD are congruent, and
�BAD � �CAD. So, AD bisects �BAC.

Therefore, the median from the vertex between the equal sides of an
isosceles triangle coincides with the altitude to the vertex and bisects
the angle at the vertex.
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Key Concepts
� The medians of a triangle meet at a single point, the centroid.

� Each median bisects the area of the triangle.

� The median from the vertex between the equal sides of an isosceles
triangle coincides with the altitude to the vertex and bisects the
angle at the vertex.

� You can use both pencil-and-paper techniques and geometry
software to investigate the properties of geometric shapes.

Communicate Your Understanding

Describe two methods for
drawing a median of this
triangle.

Explain how you know that
this diagram has three pairs
of equal angles.
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1. The area of �ABC is 12 square units. Find
the area of �ABD.

2. The area of �EFH is 30 square units. Find
the area of �EFG.

For help with questions 3 and 4, see the
Example.

3. a) Which line segments are perpendicular
in �JKL?

b) Which angles are equal?

4. Which of the following coincide in �PQR?
• the bisector of �P
• the bisector of �R
• the altitude from vertex Q
• the altitude from vertex R
• the right bisector of side PQ
• the median from vertex P

Connect and Apply
5. a) Draw any isosceles triangle. Then,

construct the altitude from the vertex
between the equal sides.

b) List three properties of this altitude 
that an altitude of a scalene triangle
does not have.

c) Verify these properties by measuring
your drawing.

6. Steve says, “If a median of a triangle is 
also an angle bisector, the triangle must 
be equilateral.” Is he correct? Justify 
your answer.

7. a) Draw any right triangle. Find and label
the midpoint of the hypotenuse.

b) Measure the distance from this midpoint
to each of the vertices of the triangle.
How are these distances related?

c) Investigate whether the same relationship
applies for all right triangles. Describe
your method and your findings.

8. List at least six properties of equilateral
triangles. Explain how you know that
every equilateral triangle has each of these
properties.

9. Alana claims, “In an equilateral triangle,
the angle bisectors and the right bisectors
of the sides all meet at the same point.” 
Do you agree with Alana’s claim? Explain,
using a diagram.

10. a) Draw any triangle and all three of its
medians. The centroid divides each
median into two sections. Compare the
lengths of the sections of each median.

b) Investigate whether the centroid in
every triangle divides each median in
the same ratio. Outline your method
and describe your findings.

c) Explain how you can use your findings
in part b) to find the balance point of a
flat triangular object.
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11. Use Technology  

a) Construct any �ABC. Then, construct
the midpoint D of side AB and the
midpoint E of side AC.

b) Compare the slope and the length of
line segment DE to those of side BC.

c) Investigate whether the relationships
between DE and BC depend on the
shape of the triangle. Describe your
findings.

12. a) Draw a large triangle on a sheet of
paper. Then, draw the angle bisector at
each vertex. Are the three angle
bisectors of your triangle concurrent?

b) Repeat part a) with different types of
triangles. Does every triangle have an
incentre, a point where all three angle
bisectors meet? Explain your reasoning.

c) Put the point of a set of compasses at
the incentre of a triangle, and adjust 
the compasses so that the pencil just
touches one side of the triangle. Draw 
a circle with this radius. What property
does the incentre of this triangle have?

d) What property does the incentre of
every triangle have? Justify your answer.

13. Use Technology  Use geometry software 
to investigate the properties of the angle
bisectors of a triangle. Outline your
method and describe your findings.

14. a) Investigate whether every triangle has 
a circumcentre, a point where all the
right bisectors of the sides meet.
Describe your method and your results.

b) How are the distances from the
circumcentre to the vertices related? 
Do all triangles have this property?
Justify your answer.

c) A company with plants in Hamilton,
Oshawa, and Barrie wants to set up a
distribution centre that is roughly
equidistant from the three plants. How
can the company use the properties of
triangles to find a suitable location?

15. In this triangle, the altitudes from the three
vertices meet at a single point, called the
orthocentre. Investigate whether the
altitudes intersect at a single point in all
triangles. Outline your method and
describe your findings.

16. Use a triangle to estimate the geographical
centre of Canada.

a) Trace the outline of Canada from a map
onto a sheet of paper. Draw a triangle
on your outline to approximate the
shape of Canada as closely as you can.

b) Find the centroid of the triangle. Then,
draw the angle bisectors of the triangle
and find their point of intersection.
Also find the point of intersection of the
right bisectors of the sides and the point
of intersection of the altitudes of the
triangle. Which of these four points
gives the best approximation for the
geographic centre of Canada? Justify
your choice.

c) Find the town or city closest to the
centre you chose in part b). Compare
your estimate with those made by your
classmates.
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17. a) Investigate how the areas of equilateral
triangles constructed on the sides of a
right triangle are related. Outline your
method and describe your findings.

b) Describe another method that you could
use to compare the areas of the triangles.

18. Chapter Problem 

a) Let x represent the measure of the base
angles of an isosceles triangle and let
y represent the angle at the vertex
between the two equal sides. Find the
values of x and y when x � 2y.

b) Draw a large triangle that has the angle
measures that you calculated in part a).
Measure the lengths of the sides of
your triangle.

c) Calculate the ratio , where a is the 

length of one of the equal sides and b
is the length of the base of the isosceles
triangle.

d) The golden ratio, denoted by the Greek 

letter � (phi), is equal to . 

Compare the decimal value for � to the
ratio you calculated in part c).

e) A golden triangle is an isosceles triangle
with side lengths that correspond to the
golden ratio. Is the triangle you drew in
part b) a golden triangle?

f) Draw an isosceles triangle with the
angle at the vertex between the two
equal sides three times as large as the
base angles. Is this triangle a golden
triangle? Explain.

g) Draw an isosceles triangle with the
angle at the vertex between the two
equal sides four times as large as the
base angles. Is this triangle a golden
triangle?

Extend
19. Does the point of intersection of the

angle bisectors of a triangle (the incentre)
always lie inside the triangle? Justify
your answer.

20. When will the point of intersection of the
right bisectors of the sides of a triangle
(the circumcentre) lie

a) outside the triangle?

b) on a side of the triangle?

Justify your answers using diagrams.

21. Investigate how the locations of the
centroid, the orthocentre, and the
circumcentre of a triangle are related.
Describe your method and your findings.

22. Investigate whether the point of
intersection of the altitudes of a
triangle (the orthocentre) can lie

a) outside the triangle

b) on the triangle

Outline your method and describe
your findings.

23. Math Contest Show that the medians of
�ABC and the medians of �DEF all meet
at a single point.
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