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Lesson 12: Modeling Using Similarity
Student Outcomes


Students use properties of similar triangles to solve real-world problems.

Lesson Notes
This lesson is the first opportunity for students to see how the mathematics they have learned in this module relates to
real-world problems. Each example, exercise, and item in the Problem Set is in a real-world context (e.g., the height of a
tree, the distance across a lake, and the length needed for a skateboard ramp). Many of the problems begin by asking
MP.4
students if they have enough information to determine if the situation described lends itself to the use of similar
triangles. Once that criterion is satisfied, students use what they know about dilation and scale factor to solve the
problem and explain the real-world situation.

Classwork
Example (7 minutes)
MP.1

Consider offering this first task without any scaffolding in order to build students’ persistence and stamina in solving
problems. Allow students time to make sense of the situation, offering scaffolding only as necessary.
Example
Not all flagpoles are perfectly upright (i.e., perpendicular to the ground). Some are oblique (i.e., neither parallel nor at a
right angle, slanted). Imagine an oblique flagpole in front of an abandoned building. The question is, can we use sunlight
and shadows to determine the length of the flagpole?

Assume that we know the following information: The length of the shadow of the flagpole is 𝟏𝟓 feet. There is a mark on
the flagpole 𝟑 feet from its base. The length of the shadow of this three-foot portion of the flagpole is 𝟏. 𝟕 feet.
Students may say that they would like to directly measure the length of the pole. Remind them a direct measurement
may not always be possible.



Where would the shadow of the flagpole be?


On the ground, some distance from the base of the flagpole
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In the picture below, 𝑂𝐴 is the length of the flagpole. 𝑂𝐵 is the length of the shadow cast by the flagpole. ̅̅̅̅
𝑂𝐶
represents the segment from the base to the 3-foot mark up the flagpole, and 𝑂𝐷 is the length of the shadow
̅̅̅̅ that is 1.7 feet in length. (Note: The picture is not drawn to scale.)
cast by the length of 𝑂𝐶



If we assume that all sunbeams are parallel to each other (i.e., ̅̅̅̅
𝐶𝐷 ∥ ̅̅̅̅
𝐴𝐵 ), do we have a pair of similar
triangles? Explain.
 If ̅̅̅̅
𝐶𝐷 ∥ ̅̅̅̅
𝐴𝐵 , then △ 𝐶𝑂𝐷~ △ 𝐴𝑂𝐵, by the AA criterion. Corresponding angles of parallel lines are equal,
so we know that ∠𝐶𝐷𝑂 = ∠𝐴𝐵𝑂, and ∠𝐶𝑂𝐷 is equal to itself.



Now that we know △ 𝐶𝑂𝐷~ △ 𝐴𝑂𝐵, how can we find the length of the flagpole?


Since the triangles are similar, then we know that the ratios of their corresponding sides must be equal.
Therefore, if we let 𝑥 represent the length of the flagpole (i.e., 𝑂𝐴), then
𝑥 15
=
3 1.7



We are looking for the value of 𝑥 that makes the fractions equivalent.


Therefore, 1.7𝑥 = 45, and 𝑥 ≈ 26.47. The length of the flagpole is approximately 26.47 feet.

Mathematical Modeling Exercises 1–3 (28 minutes)
Students work in small groups to model the use of similar triangles in real-world problems. Exercise 1 is classified as an
ill-defined modeling task because some of the information in the problem is not absolutely clear. The purpose of this is
to motivate students to discuss in their groups what is meant by “straight down,” whether or not it is safe to assume
that the building is perpendicular to the ground, and whether or not it is safe to assume that the person is standing
perpendicular to the ground. These kinds of mathematical discussions should be encouraged as they demonstrate
students’ learning of a topic.
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Mathematical Modeling Exercises 1–3
1.

You want to determine the approximate height of one of the tallest buildings in the city. You are told that if you
place a mirror some distance from yourself so that you can see the top of the building in the mirror, then you can
indirectly measure the height using similar triangles. Let point 𝑶 be the location of the mirror so that the person
shown can see the top of the building.

a.

Explain why △ 𝑨𝑩𝑶~ △ 𝑺𝑻𝑶.
The triangles are similar by the AA criterion. The angle that is formed by the figure standing is 𝟗𝟎° with the
ground. The building also makes a 𝟗𝟎° angle with the ground. The measure of the angle formed with the
mirror at ∠𝑨𝑶𝑩 is equal to the measure of ∠𝑺𝑶𝑻. Since there are two pairs of corresponding angles that are
equal in measure, then △ 𝑨𝑩𝑶~ △ 𝑺𝑻𝑶.

b.

Label the diagram with the following information: The distance from eye level straight down to the ground is
𝟓. 𝟑 feet. The distance from the person to the mirror is 𝟕. 𝟐 feet. The distance from the person to the base of
the building is 𝟏, 𝟕𝟓𝟎 feet. The height of the building is represented by 𝒙.

c.

What is the distance from the mirror to the building?
𝟏𝟕𝟓𝟎 𝐟𝐭. −𝟕. 𝟐 𝐟𝐭. = 𝟏𝟕𝟒𝟐. 𝟖 𝐟𝐭.
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Do you have enough information to determine the approximate height of the building? If yes, determine the
approximate height of the building. If not, what additional information is needed?
Yes, there is enough information about the similar triangles to determine the height of the building.
Since 𝒙 represents the height of the building, then
𝒙
𝟓. 𝟑

=

𝟏, 𝟕𝟒𝟐. 𝟖
𝟕. 𝟐

We are looking for the value of 𝒙 that makes the fractions equivalent. Then, 𝟕. 𝟐𝒙 = 𝟗𝟐𝟑𝟔. 𝟖𝟒, and
𝒙 ≈ 𝟏𝟐𝟖𝟐. 𝟗. The height of the building is approximately 𝟏, 𝟐𝟖𝟐. 𝟗 feet.

2.

A geologist wants to determine the distance across the widest part of a nearby lake. The geologist marked off
̅̅̅̅. The
̅̅̅̅ would be parallel to the line containing 𝑩𝑪
specific points around the lake so that the line containing 𝑫𝑬
segment 𝑩𝑪 is selected specifically because it is the widest part of the lake. The segment 𝑫𝑬 is selected specifically
because it is a short enough distance to easily measure. The geologist sketched the situation as shown below.

a.

Has the geologist done enough work so far to use similar triangles to help measure the widest part of the
lake? Explain.
Yes, based on the sketch, the geologist found a center of dilation at point 𝑨. The geologist marked points
around the lake that, when connected, would make parallel lines. So, the triangles are similar by the AA
criterion. Corresponding angles of parallel lines are equal in measure, and the measure of ∠𝑫𝑨𝑬 is equal to
itself. Since there are two pairs of corresponding angles that are equal, then △ 𝑫𝑨𝑬~ △ 𝑩𝑨𝑪.

b.

The geologist has made the following measurements: |𝑫𝑬| = 𝟓 feet, |𝑨𝑬| = 𝟕 feet, and |𝑬𝑪| = 𝟏𝟓 feet.
Does she have enough information to complete the task? If so, determine the length across the widest part
of the lake. If not, state what additional information is needed.
Yes, there is enough information about the similar triangles to determine the distance across the widest part
of the lake.
Let 𝒙 represent the length of segment 𝑩𝑪; then
𝒙 𝟐𝟐
=
𝟓
𝟕
We are looking for the value of 𝒙 that makes the fractions equivalent. Therefore, 𝟕𝒙 = 𝟏𝟏𝟎, and 𝒙 ≈ 𝟏𝟓. 𝟕.
The distance across the widest part of the lake is approximately 𝟏𝟓. 𝟕 feet.
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Assume the geologist could only measure a maximum distance of 𝟏𝟐 feet. Could she still find the distance
across the widest part of the lake? What would need to be done differently?
The geologist could still find the distance across the widest part of the lake. However, she would have to
select different points 𝑫 and 𝑬 at least 𝟑 feet closer to points 𝑩 and 𝑪, respectively. That would decrease the
̅̅̅̅ to, at most, 𝟏𝟐 feet. Then 𝑫𝑬
̅̅̅̅, in its new position, would still have to be contained within a line
length of 𝑬𝑪
that was parallel to the line containing ̅̅̅̅
𝑩𝑪 in order to calculate the desired distance.

3.

A tree is planted in the backyard of a house with the hope that one day it is tall enough to provide shade to cool the
house. A sketch of the house, tree, and sun is shown below.

a.

What information is needed to determine how tall the tree must be to provide the desired shade?
We need to ensure that we have similar triangles. For that reason, we need to know the height of the house
and the length of the shadow that the house casts. We also need to know how far away the tree was planted
from that point (i.e., the center). Assuming the tree grows perpendicular to the ground, the height of the tree
and the height of the house would be parallel, and by the AA criterion, we would have similar triangles.

b.

Assume that the sun casts a shadow 𝟑𝟐 feet long from a point on top of the house to a point in front of the
house. The distance from the end of the house’s shadow to the base of the tree is 𝟓𝟑 feet. If the house is 𝟏𝟔
feet tall, how tall must the tree get to provide shade for the house?
If we let 𝒙 represent the height the tree must be, then
𝟏𝟔 𝟑𝟐
=
𝒙
𝟓𝟑
We are looking for the value of 𝒙 that makes the fractions equivalent. Therefore, 𝟑𝟐𝒙 = 𝟖𝟒𝟖, and 𝒙 = 𝟐𝟔. 𝟓.
The tree must grow to a height of 𝟐𝟔. 𝟓 feet to provide the desired shade for the house.

c.

Assume that the tree grows at a rate of 𝟐. 𝟓 feet per year. If the tree is now 𝟕 feet tall, about how many
years will it take for the tree to reach the desired height?
The tree needs to grow an additional 𝟏𝟗. 𝟓 feet to reach the desired height. If the tree grows 𝟐. 𝟓 feet per
year, then it will take the tree 𝟕. 𝟖 years or about 𝟖 years to reach a height of 𝟐𝟔. 𝟓 feet.

Closing (5 minutes)
Summarize, or ask students to summarize, the main points from the lesson.


We can use similar triangles to determine the height or distance of objects in everyday life that we cannot
directly measure.



We have to determine whether or not we actually have enough information to use properties of similar
triangles to solve problems.

Exit Ticket (5 minutes)
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Lesson 12: Modeling Using Similarity
Exit Ticket
Henry thinks he can figure out how high his kite is while flying it in the park. First, he lets out 150 feet of string and ties
the string to a rock on the ground. Then, he moves from the rock until the string touches the top of his head. He stands
up straight, forming a right angle with the ground. He wants to find out the distance from the ground to his kite. He
draws the following diagram to illustrate what he has done.

a.

Has Henry done enough work so far to use similar triangles to help measure the height of the kite? Explain.

b.

Henry knows he is 5 feet tall. Henry measures the string from the rock to his head and finds it to be 8 feet.

1
2

Does he have enough information to determine the height of the kite? If so, find the height of the kite. If not,
state what other information would be needed.
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Exit Ticket Sample Solutions
Henry thinks he can figure out how high his kite is while flying it in the park. First, he lets out 𝟏𝟓𝟎 feet of string and ties
the string to a rock on the ground. Then, he moves from the rock until the string touches the top of his head. He stands
up straight, forming a right angle with the ground. He wants to find out the distance from the ground to his kite. He
draws the following diagram to illustrate what he has done.

a.

Has Henry done enough work so far to use similar triangles to help measure the height of the kite? Explain.
Yes Based on the sketch, Henry found a center of dilation, point 𝑨. Henry has marked points so that, when
connected, would make parallel lines. So, the triangles are similar by the AA criterion. Corresponding angles
of parallel lines are equal in measure, and the measure of ∠𝑩𝑨𝑪 is equal to itself. Since there are two pairs of
corresponding angles that are equal, then △ 𝑩𝑨𝑪~ △ 𝑫𝑨𝑬.

b.

𝟏
𝟐

Henry knows he is 𝟓 feet tall. Henry measures the string from the rock to his head and finds it to be 𝟖 feet.
Does he have enough information to determine the height of the kite? If so, find the height of the kite. If
not, state what other information would be needed.
Yes, there is enough information. Let 𝒙 represent the height 𝑫𝑬. Then,
𝟖
𝟓. 𝟓
=
𝟏𝟓𝟎
𝒙
We are looking for the value of 𝒙 that makes the fractions equivalent. Therefore, 𝟖𝒙 = 𝟖𝟐𝟓, and
𝒙 = 𝟏𝟎𝟑. 𝟏𝟐𝟓 feet. The height of the kite is approximately 𝟏𝟎𝟑 feet high in the air.

Lesson 12:

Modeling Using Similarity

This work is derived from Eureka Math ™ and licensed by Great Minds. ©2015 Great Minds. eureka-math.org
This file derived from G8-M3-TE-1.3.0-08.2015

171
This work is licensed under a
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

Lesson 12

NYS COMMON CORE MATHEMATICS CURRICULUM

8•3

Problem Set Sample Solutions
Students practice solving real-world problems using properties of similar triangles.
1.

The world’s tallest living tree is a redwood in California. It’s about 𝟑𝟕𝟎 feet tall. In a local park, there is a very tall
tree. You want to find out if the tree in the local park is anywhere near the height of the famous redwood.

a.

Describe the triangles in the diagram, and explain how you know they are similar or not.
There are two triangles in the diagram, one formed by the tree and the shadow it casts, △ 𝑬𝑺𝑶, and another
formed by the person and his shadow, △ 𝑫𝑹𝑶. The triangles are similar if the height of the tree is measured
at a 𝟗𝟎° angle with the ground and if the person standing forms a 𝟗𝟎° angle with the ground. We know that
∠𝑫𝑶𝑹 is an angle common to both triangles. If ∠𝑬𝑺𝑶 = ∠𝑫𝑹𝑶 = 𝟗𝟎°, then △ 𝑬𝑺𝑶~ △ 𝑫𝑹𝑶 by the AA
criterion.

b.

Assume △ 𝑬𝑺𝑶~ △ 𝑫𝑹𝑶. A friend stands in the shadow of the tree. He is exactly 𝟓. 𝟓 feet tall and casts a
shadow of 𝟏𝟐 feet. Is there enough information to determine the height of the tree? If so, determine the
height. If not, state what additional information is needed.
No, there is not enough information to determine the height of the tree. I need either the total length of the
shadow that the tree casts or the distance between the base of the tree and the friend.

c.

Your friend stands exactly 𝟒𝟕𝟕 feet from the base of the tree. Given this new information, determine about
how many feet taller the world’s tallest tree is compared to the one in the local park.
Let 𝒙 represent the height of the tree; then
𝒙
𝟒𝟖𝟗
=
𝟓. 𝟓
𝟏𝟐
We are looking for the value of 𝒙 that makes the fractions equivalent. Therefore, 𝟏𝟐𝒙 = 𝟐𝟔𝟖𝟗. 𝟓, and
𝒙 = 𝟐𝟐𝟒. 𝟏𝟐𝟓. The world’s tallest tree is about 𝟏𝟒𝟔 feet taller than the tree in the park.
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Assume that your friend stands in the shadow of the world’s tallest redwood, and the length of his shadow is
just 𝟖 feet long. How long is the shadow cast by the tree?
Let 𝒙 represent the length of the shadow cast by the tree; then
𝒙 𝟑𝟕𝟎
=
𝟖 𝟓. 𝟓
We are looking for the value of 𝒙 that makes the fractions equivalent. Therefore, 𝟓. 𝟓𝒙 = 𝟐𝟗𝟔𝟎, and
𝒙 ≈ 𝟓𝟑𝟖. 𝟐. The shadow cast by the world’s tallest tree is about 𝟓𝟑𝟖 feet in length.

2.

A reasonable skateboard ramp makes a 𝟐𝟓° angle with the ground. A two-foot-tall ramp requires about 𝟒. 𝟑 feet of
wood along the base and about 𝟒. 𝟕 feet of wood from the ground to the top of the two-foot height to make the
ramp.
a.

Sketch a diagram to represent the situation.
A sample student drawing is shown below.

b.

Your friend is a daredevil and has decided to build a ramp that is 𝟓 feet tall. What length of wood is needed
to make the base of the ramp? Explain your answer using properties of similar triangles.
Sample student drawing and work are shown below.

△ 𝑬𝑫𝑨~ △ 𝑪𝑩𝑨 by the AA criterion because ∠𝑨 is common to both triangles, and ∠𝑬𝑫𝑨 = ∠𝑪𝑩𝑨 = 𝟗𝟎°.
If we let 𝒙 represent the base of the 𝟓-foot ramp, then
𝟒. 𝟑 𝟐
=
𝒙
𝟓
We are looking for the value of 𝒙 that makes the fractions equivalent. Therefore, 𝟐𝒙 = 𝟐𝟏. 𝟓, and
𝒙 = 𝟏𝟎. 𝟕𝟓. The base of the 𝟓-foot ramp must be 𝟏𝟎. 𝟕𝟓 feet in length.
c.

What length of wood is required to go from the ground to the top of the 𝟓-foot height to make the ramp?
Explain your answer using properties of similar triangles.
If we let 𝒚 represent the length of the wood needed to make the ramp, then
𝟒. 𝟕 𝟐
=
𝒚
𝟓
We are looking for the value of 𝒚 that makes the fractions equivalent. Therefore, 𝟐𝒚 = 𝟐𝟑. 𝟓, and
𝒚 = 𝟏𝟏. 𝟕𝟓. The length of wood needed to make the ramp is 𝟏𝟏. 𝟕𝟓 feet.
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