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Unit 7, Lesson 1: Relationships of Angles
Let’s examine some special angles.

1.1: Visualizing Angles

m.openup.org/1/7-7-1-1

1. Which angle is
bigger?

2. Identify an obtuse angle in
the diagram.

1.2: Pattern Block Angles

m.openup.org/1/7-7-1-2

1. Trace one copy of every different pattern block. Each block contains either 1 or 2
angles with different degree measures. Which blocks have only 1 unique angle?
Which have 2?
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2. If you trace three copies of the hexagon so that one
vertex from each hexagon touches the same point, as
shown, they fit together without any gaps or overlaps.
Use this to figure out the degree measure of the angle
inside the hexagon pattern block.

3. Figure out the degree measure of all of the other angles inside the pattern blocks that you traced in
the first question. Be prepared to explain your reasoning.

Are you ready for more?
We saw that it is possible to fit three copies of a regular hexagon snugly around a point.
Each interior angle of a regular pentagon measures
. Is it
possible to fit copies of a regular pentagon snugly around a point? If
yes, how many copies does it take? If not, why not?

m.openup.org/1/7-7-1-3
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1.3: More Pattern Block Angles
1. Use pattern blocks to determine the measure of each of these angles.

2. If an angle has a measure of

, then its sides form a straight line. An angle that forms a straight line

is called a straight angle. Find as many different combinations of pattern blocks as you can that make
a straight angle.
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1.4: Measuring Like This or That
Tyler and Priya were both measuring angle

.

Priya thinks the angle measures 40 degrees. Tyler thinks the angle measures 140 degrees. Do you agree
with either of them? Explain your reasoning.
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Lesson 1 Summary
When two lines intersect and form four equal angles, we call
each one a right angle. A right angle measures
. You can
think of a right angle as a quarter turn in one direction or
the other.

An angle in which the two sides form a straight line is called
a straight angle. A straight angle measures
. A straight
angle can be made by putting right angles together. You can
think of a straight angle as a half turn, so that you are facing
in the opposite direction after you are done.

If you put two straight angles together, you get an angle
that is
. You can think of this angle as turning all the
way around so that you are facing the same direction as
when you started the turn.

When two angles share a side and a vertex, and they don't overlap, we call them adjacent angles.

Lesson 1 Glossary Terms

• adjacent angles
• straight angle
• right angle

Unit 7: Angles, Triangles, and Prisms Lesson 1: Relationships of Angles
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Let’s look at some special pairs of angles.

2.1: Estimating Angle Measures
Estimate the degree measure of each indicated angle.

6
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2.2: Cutting Rectangles
Your teacher will give you two small, rectangular papers.
1. On one of the papers, draw a small half-circle
in the middle of one side.

2. Cut a straight line, starting from the center of the half-circle, all the way across the paper to make 2
separate pieces. (Your cut does not need to be perpendicular to the side of the paper.)
3. On each of these two pieces, measure the angle that is marked by part of a circle. Label the angle
measure on the piece.
4. What do you notice about these angle measures?
5. Clare measured 70 degrees on one of her pieces. Predict the angle measure of her other piece.
6. On the other rectangular paper, draw a small
quarter-circle in one of the corners.
7. Repeat the previous steps to cut, measure,
and label the two angles marked by part of a
circle.
8. What do you notice about these angle measures?
9. Priya measured 53 degrees on one of her pieces. Predict the angle measure of her other piece.

7

GRADE 7 MATHEMATICS BY

NAME

DATE

PERIOD

2.3: Is It a Complement or Supplement?
1. Use the protractor in the picture to find the measure of angles:
a.
b.

c. Explain how to find the measure of angle

without repositioning the protractor.

2. Use the protractor in the picture to find the measure of angles:
a.
b.

c. Explain how to find the measure of angle

without repositioning the protractor.
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is a right angle. Find the

measure of angle

4. Point is on line
measure of angle

.

. Find the
.

Are you ready for more?
Clare started with a rectangular piece of paper. She folded up one corner, and then folded up the other
corner, as shown in the photos.

1. Try this yourself with any rectangular paper. Fold the left corner up at any angle, and then fold the
right corner up so that the edges of the paper meet.
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2. Clare thought that the angle at the bottom looked like a 90 degree angle. Does yours also look like it is
90 degrees?
3. Can you explain why the bottom angle always has to be 90 degrees? Hint: the third photo shows Clare’s
paper, unfolded. The crease marks have dashed lines, and the line where the two paper edges met
have a solid line. Mark these on your own paper as well.

Lesson 2 Summary
If two angle measures add up to
, then we say the angles are complementary. Here are three
examples of pairs of complementary angles.

If two angle measures add up to
, then we say the angles are supplementary. Here are three
examples of pairs of supplementary angles.
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Lesson 2 Glossary Terms

• supplementary
• complementary

Unit 7: Angles, Triangles, and Prisms Lesson 2: Adjacent Angles
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Unit 7, Lesson 3: Nonadjacent Angles
Let’s look at angles that are not right next to one another.

3.1: Finding Related Statements
Given

and

are numbers, and

, which statements also must be true?
and

3.2: Polygon Angles
Use any useful tools in the geometry toolkit to identify any pairs of angles in these figures that are
complementary or supplementary.

3.3: Vertical Angles
Use a straightedge to draw two
intersecting lines. Use a protractor to
measure all four angles whose vertex is
located at the intersection.
Compare your drawing and measurements to the people in your group. Make a conjecture about the
relationships between angle measures at an intersection.
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3.4: Row Game: Angles
Find the measure of the angles in one column. Your partner will work on the other column. Check in with
your partner after you finish each row. Your answers in each row should be the same. If your answers
aren’t the same, work together to find the error and correct it.
column A

column B
Find the value of .

is on line

. Find the value of .

Find the value of .

In right triangle
, angles and are
complementary. Find the measure of angle .

13
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column A
Angle

column B
is on line

and angle are supplementary. Find
the measure of angle .

is on line

Find the value of .

Two angles are complementary. One angle
measures 37 degrees. Find the measure of the
other angle.

. Find the value of .

. Find the measure of angle

Two angles are supplementary. One angle
measures 127 degrees. Find the measure of the
other angle.

14
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Lesson 3 Summary
When two lines cross, they form two pairs of vertical angles. Vertical angles are across the intersection
point from each other.

Vertical angles always have equal measure. We can see this because they are always supplementary with
the same angle. For example:

This is always true!

That means

so

.

so

.
.

Lesson 3 Glossary Terms

• vertical angles

Unit 7: Angles, Triangles, and Prisms Lesson 3: Nonadjacent Angles
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Unit 7, Lesson 4: Solving for Unknown Angles
Let’s figure out some missing angles.

4.1: True or False: Length Relationships
Here are some line segments.

Decide if each of these equations is true or false. Be prepared to explain your reasoning.
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4.2: Info Gap: Angle Finding
Your teacher will give you either a problem card or a data card. Do not show or read your card to your
partner.
If your teacher gives you the problem card:

If your teacher gives you the data card:

1. Silently read your card and think about what

1. Silently read the information on your card.

information you need to answer the question.
2. Ask your partner “What specific information
do you need?” and wait for your partner to ask
for information. Only give information that is

2. Ask your partner for the specific information
that you need.

on your card. (Do not figure out anything for
your partner!)

3. Explain to your partner how you are using the
information to solve the problem.

3. Before telling your partner the information,
ask “Why do you need that information?”

4. Solve the problem and explain your reasoning
to your partner.

4. After your partner solves the problem, ask
them to explain their reasoning and listen to
their explanation.
Pause here so your teacher can review your work. Ask your teacher for a new set of cards and repeat the
activity, trading roles with your partner.
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4.3: What’s the Match?
Match each figure to an equation that represents what is seen in the figure. For each match, explain how
you know they are a match.

1.
2.
3.
4.
5.
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Are you ready for more?
1. What is the angle between the hour and minute hands of a clock at 3:00?
2. You might think that the angle between the hour and minute hands at 2:20 is 60 degrees, but it is not!
The hour hand has moved beyond the 2. Calculate the angle between the clock hands at 2:20.
3. Find a time where the hour and minute hand are 40 degrees apart. (Assume that the time has a whole
number of minutes.) Is there just one answer?

Lesson 4 Summary
We can write equations that represent relationships between angles.

• The first pair of angles are supplementary, so

.

• The second pair of angles are vertical angles, so

.

• The third pair of angles are complementary, so

.

Unit 7: Angles, Triangles, and Prisms Lesson 4: Solving for Unknown Angles
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Unit 7, Lesson 5: Using Equations to Solve for Unknown
Angles
Let’s figure out missing angles using equations.

5.1: Is This Enough?
Tyler thinks that this figure has enough information to figure out the values of

and .

Do you agree? Explain your reasoning.

5.2: What Does It Look Like?
Elena and Diego each wrote equations to represent these diagrams. For each diagram, decide which
equation you agree with, and solve it. You can assume that angles that look like right angles are indeed
right angles.

20
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2. Elena:

3. Elena:

DATE

Diego:

Diego:

Diego:
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Diego:

Diego:

5.3: Calculate the Measure
Find the unknown angle measures. Show your thinking. Organize it so it can be followed by others.
1.

2.
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Are you ready for more?
The diagram contains three squares. Three additional segments have been drawn that connect corners of
the squares. We want to find the exact value of
.
1. Use a protractor to measure the three angles. Use your measurements to conjecture about the value
of
.
2. Find the exact value of

by reasoning about the diagram.

Lesson 5 Summary
To find an unknown angle measure, sometimes it is helpful to write and solve an equation that represents
the situation. For example, suppose we want to know the value of in this diagram.
Using what we know about vertical angles, we can
write the equation
to represent this
situation. Then we can solve the equation.

Unit 7: Angles, Triangles, and Prisms Lesson 5: Using Equations to Solve for
Unknown Angles
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Unit 7, Lesson 6: Building Polygons (Part 1)
Let’s build shapes.

6.1: True or False: Signed Numbers
Decide whether each equation is true or false. Be prepared to explain your reasoning.
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6.2: What Can You Build?

m.openup.org/1/7-7-6-2

Your teacher will give you some strips of different lengths and fasteners you can use to
attach the corners.
1. Use the pieces to build several polygons, including at least one triangle and one quadrilateral.
2. After you finish building several polygons, select one triangle and one quadrilateral that you have
made.
a. Measure all the angles in the two shapes you selected.
b. Using these measurements along with the side lengths as marked, draw your triangle and
quadrilateral as accurately as possible.

26
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6.3: Building Diego’s and Jada’s Shapes

m.openup.org/1/7-7-6-3

1. Diego built a quadrilateral using side lengths of 4 in, 5 in, 6 in, and 9 in.
a. Build such a shape.

b. Is your shape an identical copy of Diego’s shape? Explain your reasoning.
2. Jada built a triangle using side lengths of 4 in, 5 in, and 8 in.
a. Build such a shape.

b. Is your shape an identical copy of Jada’s shape? Explain your reasoning.

6.4: Building Han’s Shape

m.openup.org/1/7-7-6-4

Han built a polygon using side lengths of 3 in, 4 in, and 9 in.
1. Build such a shape.

27
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2. What do you notice?

Lesson 6 Summary
Sometimes we are given a polygon and asked to find the lengths of the sides. What options do you have if
you need to build a polygon with some side lengths? Sometimes, we can make lots of different figures. For
example, if you have side lengths 5, 7, 11, and 14, here are some of the many, many quadrilaterals we can
make with those side lengths:

Sometimes, it is not possible to make a figure with certain side lengths. For example, 18, 1, 1, 1 (try it!).
We will continue to investigate the figures that can be made with given measures.

Unit 7: Angles, Triangles, and Prisms Lesson 6: Building Polygons (Part 1)
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Unit 7, Lesson 7: Building Polygons (Part 2)
Let’s build more triangles.

7.1: Where Is Lin?

m.openup.org/1/7-7-7-1

At a park, the slide is 5 meters east of the swings. Lin is standing 3 meters away from
the slide.
1. How far away from the swings is Lin?

2. Draw a diagram of the situation including where Lin could be.

3. Is there anywhere else Lin could be?

29
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7.2: How Long Is the Third Side?

m.openup.org/1/7-7-7-2

Your teacher will give you some strips of different lengths and fasteners you can use to
attach the corners.
1. Build as many different triangles as you can that have one side length of 5 inches and one of 4 inches.
Record the side lengths of each triangle you build.

2. Are there any other lengths that could be used for the third side of the triangle but weren’t in your
set?

3. Are there any lengths that were in your set but could not be used as the third side of the triangle?

Are you ready for more?
Assuming you had access to strips of any length, and you used the 9-inch and 5-inch strips as the first two
sides, complete the sentences:
1. The third side can't be _____ inches or longer.
2. The third side can't be _____ inches or shorter.
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7.3: Swinging the Sides Around

m.openup.org/1/7-7-7-3

We’ll explore a method for drawing a triangle that has three specific side lengths. Your
teacher will give you a piece of paper showing a 4-inch segment as well as some
instructions for which strips to use and how to connect them.
1. Follow these instructions to mark the possible endpoints of one side:
a. Put your 4-inch strip directly on top of the 4-inch segment on the piece of paper. Hold it in place.
b. For now, ignore the 3-inch strip on the left side. Rotate it so that it is out of the way.
c. In the 3-inch strip on the right side, put the tip of your pencil in the hole on the end that is not
connected to anything. Use the pencil to move the strip around its hinge, drawing all the places
where a 3-inch side could end.
d. Remove the connected strips from your paper.
2. What shape have you drawn while moving the 3-inch strip around? Why? Which tool in your geometry
toolkit that can do something similar?

3. Use your drawing to create two unique triangles, each with a base of length 4 inches and a side of
length 3 inches. Use a different color to draw each triangle.
4. Reposition the strips on the paper so that the 4-inch strip is on top of the 4-inch segment again. In the
3-inch strip on the left side, put the tip of your pencil in the hole on the end that is not connected to
anything. Use the pencil to move the strip around its hinge, drawing all the places where another
3-inch side could end.
5. Using a third color, draw a point where the two marks intersect. Using this third color, draw a triangle
with side lengths of 4 inches, 3 inches, and 3 inches.
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Lesson 7 Summary
If we want to build a polygon with two given side lengths that share a vertex, we can think of them as
being connected by a hinge that can be opened or closed:

All of the possible positions of the endpoint of the moving side form a circle:

You may have noticed that sometimes it is not possible to build a polygon given a set of lengths. For
example, if we have one really, really long segment and a bunch of short segments, we may not be able to
connect them all up. Here's what happens if you try to make a triangle with side lengths 21, 4, and 2:

The short sides don't seem like they can meet up because they are too far away from each other.
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If we draw circles of radius 4 and 2 on the endpoints of the side of length 21 to represent positions for the
shorter sides, we can see that there are no places for the short sides that would allow them to meet up
and form a triangle.
In general, the longest side length must be less than the sum of the other two side lengths. If not, we can’t
make a triangle!
If we can make a triangle with three given side lengths, it turns out that the measures of the corresponding
angles will always be the same. For example, if two triangles have side lengths 3, 4, and 5, they will have
the same corresponding angle measures.

Unit 7: Angles, Triangles, and Prisms Lesson 7: Building Polygons (Part 2)
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Unit 7, Lesson 8: Triangles with 3 Common Measures
Let’s contrast triangles.

8.1: 3 Sides; 3 Angles
Examine each set of triangles. What do you notice? What is the same about the triangles in the set? What
is different?
Set 1:
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8.2: 2 Sides and 1 Angle
Examine this set of triangles.

1. What is the same about the triangles in the set? What is different?

2. How many different triangles are there? Explain or show your reasoning.
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8.3: 2 Angles and 1 Side
Examine this set of triangles.

1. What is the same about the triangles in the set? What is different?

2. How many different triangles are there? Explain or show your reasoning.
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Lesson 8 Summary
Both of these quadrilaterals have a right angle and side lengths 4 and 5:

However, in one case, the right angle is between the two given side lengths; in the other, it is not.
If we create two triangles with three equal measures, but these measures are not next to each other in the
same order, that usually means the triangles are different. Here is an example:

Unit 7: Angles, Triangles, and Prisms Lesson 8: Triangles with 3 Common
Measures
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Unit 7, Lesson 9: Drawing Triangles (Part 1)
Let’s see how many different triangles we can draw with certain measurements.

9.1: Which One Doesn’t Belong: Triangles
Which one doesn’t belong?
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9.2: Does Your Triangle Match Theirs?

m.openup.org/1/7-7-9-2

Three students have each drawn a triangle. For each description:
1. Draw a triangle with the given measurements.
2. Measure and label the other side lengths and angle measures in your triangle.
3. Decide whether the triangle you drew must be an identical copy of the triangle that the student drew.
Explain your reasoning.

• Jada’s triangle has one angle measuring 75°.

• Andre’s triangle has one angle measuring 75° and one angle measuring 45°.
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• Lin’s triangle has one angle measuring 75°, one angle measuring 45°, and one side measuring 5 cm.

9.3: How Many Can You Draw?

m.openup.org/1/7-7-9-3

1. Draw as many different triangles as you can with each of these sets of
measurements:
a. Two angles measure

, and one side measures 4 cm.
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b. Two angles measure

, and one side measures 4 cm.

c. One angle measures

, one angle measures

, and one side measures 4 cm.

2. Which of these sets of measurements determine one unique triangle? Explain or show your
reasoning.
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Are you ready for more?

In the diagram, 9 toothpicks are used to make three equilateral triangles. Figure out a way to move only 3
of the toothpicks so that the diagram has exactly 5 equilateral triangles.

Lesson 9 Summary
Sometimes, we are given two different angle
measures and a side length, and it is impossible to
draw a triangle. For example, there is no triangle
with side length 2 and angle measures
and
:

Sometimes, we are given two different angle measures and a side length between them, and we can draw
a unique triangle. For example, if we draw a triangle with a side length of 4 between angles
and
,
there is only one way they can meet up and complete to a triangle:

Any triangle drawn with these three conditions will be identical to the one above, with the same side
lengths and same angle measures.

Unit 7: Angles, Triangles, and Prisms Lesson 9: Drawing Triangles (Part 1)
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Unit 7, Lesson 10: Drawing Triangles (Part 2)
Let’s draw some more triangles.

10.1: Using a Compass to Estimate Length
1. Draw a

angle.

2. Use a compass to make sure both sides of your angle have a length of 5 centimeters.
3. If you connect the ends of the sides you drew to make a triangle, is the third side longer or shorter
than 5 centimeters? How can you use a compass to explain your answer?
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10.2: Revisiting How Many Can You Draw?

m.openup.org/1/7-7-10-2

1. Draw as many different triangles as you can with each of these sets of
measurements:
a. One angle measures

, one side measures 4 cm, and one side measures 5 cm.

b. Two sides measure 6 cm, and one angle measures

.

2. Did either of these sets of measurements determine one unique triangle? How do you know?
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10.3: Three Angles

m.openup.org/1/7-7-10-3

1. Draw as many different triangles as you can with each of these sets of
measurements:
a. One angle measures

, one measures

, and one measures

b. One angle measures

, one measures

, and one measures

.

.

2. Did either of these sets of measurements determine one unique triangle? How do you know?

46

GRADE 7 MATHEMATICS BY

NAME

DATE

PERIOD

Are you ready for more?
Using only a compass and the edge of a blank index card, draw a perfectly equilateral triangle. (Note! The
tools are part of the challenge! You may not use a protractor! You may not use a ruler!)

Lesson 10 Summary
A triangle has six measures: three side lengths and three angle measures.
If we are given three measures, then sometimes, there is no triangle that can be made. For example, there
is no triangle with side lengths 1, 2, 5, and there is no triangle with all three angles measuring
.
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Sometimes, only one triangle can be made. By this we mean that any triangle we make will be the same,
having the same six measures. For example, if a triangle can be made with three given side lengths, then
the corresponding angles will have the same measures. Another example is shown here: an angle
measuring
between two side lengths of 6 and 8 units. With this information, one unique triangle can
be made.

Sometimes, two or more different triangles can be made with three given measures. For example, here
are two different triangles that can be made with an angle measuring
and side lengths 6 and 8. Notice
the angle is not between the given sides.

Three pieces of information about a triangle’s side lengths and angle measures may determine no
triangles, one unique triangle, or more than one triangle. It depends on the information.

Unit 7: Angles, Triangles, and Prisms Lesson 10: Drawing Triangles (Part 2)
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Unit 7, Lesson 11: Slicing Solids
Let's see what shapes you get when you slice a three-dimensional object.

11.1: Prisms, Pyramids, and Polyhedra

m.openup.org/1/7-7-11-1

Describe each shape as precisely as you can.
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11.2: What's the Cross Section?

m.openup.org/1/7-7-11-2

Here is a rectangular prism and a pyramid with the same base and same height.

1. Think about slicing each solid parallel to its base, halfway up. What shape would each cross section
be? What is the same about the two cross sections? What is different?

2. Think about slicing each solid parallel to its base, near the top. What shape would each cross section
be? What is the same about the two cross sections? What is different?

Are you ready for more?
Describe the cross sections that would result from slicing each solid perpendicular to its base.

11.3: Card Sort: Cross Sections
Your teacher will give you a set of cards. Sort the images into groups that make sense to you. Be prepared
to explain your reasoning.
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m.openup.org/1/7-7-11-4

Draw and describe each cross section.
1. Here is a picture of a rectangular prism, 4 units by 2 units by 3 units.

a. A plane cuts the prism parallel to the bottom and top faces.

b. The plane moves up and cuts the prism at a different height.
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c. A vertical plane cuts the prism diagonally.

2. A square pyramid has a base that is 4 units by 4 units. Its height is also 4 units.
a. A plane cuts the pyramid parallel to the base.
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b. A vertical plane cuts the prism.

3. A cube has an edge of length 4.
a. A plane cuts off the corner of the cube.
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b. The plane moves farther from the corner and makes a cut through the middle of the cube.

Lesson 11 Summary
When we slice a three-dimensional object, we expose new faces that are two dimensional. The twodimensional face is a cross section. Many different cross sections are possible when slicing the same
three-dimensional object.
Here are two peppers. One is sliced horizontally, and the other is sliced vertically, producing different
cross sections.

The imprints of the slices represent the two-dimensional faces created by each slice.
It takes practice imagining what the cross section of a three-dimensional object will be for different slices.
It helps to experiment and see for yourself what happens!

Lesson 11 Glossary Terms

• cross section
Unit 7: Angles, Triangles, and Prisms Lesson 11: Slicing Solids
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Unit 7, Lesson 12: Volume of Right Prisms
Let’s look at volumes of prisms.

12.1: Three Prisms with the Same Volume
Rectangles A, B, and C represent bases of three
prisms.

1. If each prism has the same height, which one will have the greatest volume, and which will have the
least. Explain your reasoning.

2. If each prism has the same volume, which one will have the tallest height, and which will have the
shortest. Explain your reasoning.
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m.openup.org/1/7-7-12-2

Your teacher will give you a paper with a shape on it and some snap cubes.
1. Using the face of a snap cube as your area unit, what is the area of the shape? Explain or show your
reasoning.

2. Use snap cubes to build the shape from the paper. Add another layer of cubes on top of the shape
you have built. Describe this three-dimensional object.

3. What is the volume of your object? Explain your reasoning.

4. Right now, your object has a height of 2. What would the volume be:
a. if it had a height of 5?
b. if it had a height of 8.5?
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12.3: Can You Find the Volume?

m.openup.org/1/7-7-12-3

Your teacher will give you a set of three-dimensional figures.
1. For each figure, determine whether the shape is a prism.
2. For each prism:
a. Find the area of the base of the prism.
b. Find the height of the prism.
c. Calculate the volume of the prism.
Is it a
prism?

area of prism base
(cm2)

height
(cm)

volume
(cm3)

figure A
figure B
figure C
figure D
figure E
figure F
Are you ready for more?
Imagine a large, solid cube made out of 64 white snap cubes. Someone spray paints all 6 faces of the large
cube blue. After the paint dries, they disassemble the large cube into a pile of 64 snap cubes.
1. How many of those 64 snap cubes have exactly 2 faces that are blue?
2. What are the other possible numbers of blue faces the cubes can have? How many of each are there?
3. Try this problem again with some larger-sized cubes that use more than 64 snap cubes to build. What
patterns do you notice?
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12.4: What’s the Prism’s Height?
There are 4 different prisms that all have the same volume. Here is what the base of each prism looks like.

1. Order the prisms from shortest to tallest. Explain your reasoning.

2. If the volume of each prism is 60 units3, what would be the height of each prism?

3. For a volume other than 60 units3, what could be the height of each prism?

4. Discuss your thinking with your partner. If you disagree, work to reach an agreement.

58

GRADE 7 MATHEMATICS BY

NAME

DATE

PERIOD

Lesson 12 Summary
Any cross section of a prism that is parallel to the base will be identical to the base. This means we can
slice prisms up to help find their volume. For example, if we have a rectangular prism that is 3 units tall
and has a base that is 4 units by 5 units, we can think of this as 3 layers, where each layer has
units.

That means the volume of the original rectangular prism is

cubic

cubic units.

This works with any prism! If we have a prism with height 3 cm that has a base of area 20 cm 2, then the
volume is
cm3 regardless of the shape of the base. In general, the volume of a prism with height
and area is

For example, these two prisms both have a volume of 100 cm3.

Unit 7: Angles, Triangles, and Prisms Lesson 12: Volume of Right Prisms
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Unit 7, Lesson 13: Decomposing Bases for Area
Let’s look at how some people use volume.

13.1: Are These Prisms?
1. Which of these solids are prisms? Explain how you know.

2. For each of the prisms, what does the base look like?
a. Shade one base in the picture.
b. Draw a cross section of the prism parallel to the base.
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13.2: A Box of Chocolates
A box of chocolates is a prism
with a base in the shape of a
heart and a height of 2 inches.
Here are the measurements of
the base.

To calculate the volume of the box, three different students have each drawn line segments showing how
they plan on finding the area of the heart-shaped base.

1. For each student’s plan, describe the shapes the student must find the area of and the operations
they must use to calculate the total area.
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2. Although all three methods could work, one of them requires measurements that are not provided.
Which one is it?

3. Between you and your partner, decide which of you will use which of the remaining two methods.
4. Using the quadrilaterals and triangles drawn in your selected plan, find the area of the base.

5. Trade with a partner and check each other’s work. If you disagree, work to reach an agreement.
6. Return their work. Calculate the volume of the box of chocolates.

Are you ready for more?
The box has 30 pieces of chocolate in it, each with a volume of 1 in3. If all the chocolates melt into a solid
layer across the bottom of the box, what will be the height of the layer?
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13.3: Another Prism
A house-shaped prism is created by attaching a triangular prism on top of a rectangular prism.

1. Draw the base of this prism and label its dimensions.

2. What is the area of the base? Explain or show your reasoning.

3. What is the volume of the prism?
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Lesson 13 Summary
To find the area of any polygon, you can decompose it into rectangles and triangles. There are always
many ways to decompose a polygon.

Sometimes it is easier to enclose a polygon in a rectangle and subtract the area of the extra pieces.
To find the volume of a prism with a polygon for a base, you find the area of the base, , and multiply by
the height, .

Unit 7: Angles, Triangles, and Prisms Lesson 13: Decomposing Bases for Area
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Unit 7, Lesson 14: Surface Area of Right Prisms
Let’s look at the surface area of prisms.

14.1: Multifaceted
Your teacher will show you a prism.
1. What are some things you could measure about the object?

2. What units would you use for these measurements?
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14.2: So Many Faces
Here is a picture of your teacher's prism:
Three students are trying to calculate the surface
area of this prism.

• Noah says, “This is going to be a lot of work.
We have to find the areas of 14 different faces
and add them up.”

• Elena says, “It’s not so bad. All 12 rectangles
are identical copies, so we can find the area
for one of them, multiply that by 12 and then
add on the areas of the 2 bases.”

• Andre says, “Wait, I see another way! Imagine
unfolding the prism into a net. We can use 1
large rectangle instead of 12 smaller ones.”

1. Do you agree with any of them? Explain your reasoning.

2. How big is the “1 large rectangle” Andre is talking about? Explain or show your reasoning. If you get
stuck, consider drawing a net for the prism.
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3. Will Noah’s method always work for finding the surface area of any prism? Elena’s method? Andre’s
method? Be prepared to explain your reasoning.

4. Which method do you prefer? Why?

14.3: Revisiting a Pentagonal Prism
1. Between you and your partner, choose who will use each of these two methods to find the surface
area of the prism.

◦ Adding the areas of all the faces
◦ Using the perimeter of the base.
2. Use your chosen method to calculate the surface area of the prism. Show your thinking. Organize it so
it can be followed by others.
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3. Trade papers with your partner, and check their work. Discuss your thinking. If you disagree, work to
reach an agreement.
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Are you ready for more?

In a deck of cards, each card measures 6 cm by 9 cm.
1. When stacked, the deck is 2 cm tall, as shown in the first photo. Find the volume of this deck of cards.
2. Then the cards are fanned out, as shown in the second picture. The distance from the rightmost point
on the bottom card to the rightmost point on the top card is now 7 cm instead of 2 cm. Find the
volume of the new stack.

Lesson 14 Summary
To find the surface area of a three-dimensional figure whose faces are made up of polygons, we can find
the area of each face, and add them up!
Sometimes there are ways to simplify our work. For example, all of the faces of a cube with side length
are the same. We can find the area of one face, and multiply by 6. Since the area of one face of a cube is
, the surface area of a cube is
.
We can use this technique to make it faster to find the surface area of any figure that has faces that are
the same.
For prisms, there is another way. We can treat the prism as having three parts: two identical bases, and
one long rectangle that has been taped along the edges of the bases. The rectangle has the same height
as the prism, and its width is the perimeter of the base. To find the surface area, add the area of this
rectangle to the areas of the two bases.

Unit 7: Angles, Triangles, and Prisms Lesson 14: Surface Area of Right Prisms
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Unit 7, Lesson 15: Distinguishing Volume and Surface Area
Let’s work with surface area and volume in context.

15.1: The Science Fair
Mai’s science teacher told her that when there is more ice touching the water in a glass, the ice melts
faster. She wants to test this statement so she designs her science fair project to determine if crushed ice
or ice cubes will melt faster in a drink.
She begins with two cups of warm water. In one cup, she puts a cube of ice. In a second cup, she puts
crushed ice with the same volume as the cube. What is your hypothesis? Will the ice cube or crushed ice
melt faster, or will they melt at the same rate? Explain your reasoning.

15.2: Revisiting the Box of Chocolates
The other day, you calculated the volume of this heart-shaped box of chocolates.
The depth of the box is 2 inches. How
much cardboard is needed to create the
box?
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15.3: Card Sort: Surface Area or Volume
Your teacher will give you cards with different figures and questions on them.
1. Sort the cards into two groups based on whether it would make more sense to think about the
surface area or the volume of the figure when answering the question. Pause here so your teacher
can review your work.
2. Your teacher will assign you a card to examine more closely. What additional information would you
need to be able to answer the question on your card?

3. Estimate reasonable measurements for the figure on your card.

4. Use your estimated measurements to calculate the answer to the question.

Are you ready for more?
A cake is shaped like a square prism. The top is 20 centimeters on each side, and the cake is 10
centimeters tall. It has frosting on the sides and on the top, and a single candle on the top at the exact
center of the square. You have a knife and a 20-centimeter ruler.
1. Find a way to cut the cake into 4 fair portions, so that all 4 portions have the same amount of cake and
frosting.
2. Find another way to cut the cake into 4 fair portions.
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15.4: A Wheelbarrow of Concrete
A wheelbarrow is being used to carry wet concrete. Here are its dimensions.

1. What volume of concrete would it take to fill the tray?

2. After dumping the wet concrete, you notice that a thin film is left on the inside of the tray. What is the
area of the concrete coating the tray? (Remember, there is no top.)

Lesson 15 Summary
Sometimes we need to find the volume of a prism, and sometimes we need to find the surface area.
Here are some examples of quantities related to
volume:

Here are some examples of quantities related to
surface area:

• How much water a container can hold
• How much material it took to build a solid

• How much fabric is needed to cover a surface
• How much of an object needs to be painted

object
Surface area is measured in square units, like in2
or m2.

Volume is measured in cubic units, like in3 or m3.

Unit 7: Angles, Triangles, and Prisms Lesson 15: Distinguishing Volume and
Surface Area
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Unit 7, Lesson 16: Applying Volume and Surface Area
Let's explore things that are proportional to volume or surface area.

16.1: You Decide
For each situation, decide if it requires Noah to calculate surface area or volume. Explain your reasoning.
1. Noah is planning to paint the bird house he built. He is unsure if he has enough paint.

2. Noah is planning to use a box with a trapezoid base to hold modeling clay. He is unsure if the clay will
all fit in the box.
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16.2: Foam Play Structure
At a daycare, Kiran sees children climbing on this foam play structure.

Kiran is thinking about building a structure like this for his younger cousins to play on.
1. The entire structure is made out of soft foam so the children don’t hurt themselves. How much foam
would Kiran need to build this play structure?

2. The entire structure is covered with vinyl so it is easy to wipe clean. How much vinyl would Kiran need
to build this play structure?
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3. The foam costs 0.8¢ per in3. Here is a table
that lists the costs for different amounts of
vinyl.

vinyl (in2)

cost ($)

75

0.45

125

0.75

What is the total cost for all the foam and vinyl needed to build this play structure?

Are you ready for more?
When he examines the play structure more closely, Kiran realizes it is really two separate pieces that are
next to each other.

1. How does this affect the amount of foam in the play structure?
2. How does this affect the amount of vinyl covering the play structure?
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16.3: Filling the Sandbox
The daycare has two sandboxes that are both
prisms with regular hexagons as their bases. The
smaller sandbox has a base area of 1,146 in2 and
is filled 10 inches deep with sand.

1. It took 14 bags of sand to fill the small sandbox to this depth. What volume of sand comes in one bag?
(Round to the nearest whole cubic inch.)

2. The daycare manager wants to add 3 more inches to the depth of the sand in the small sandbox. How
many bags of sand will they need to buy?

3. The daycare manager also wants to add 3 more inches to the depth of the sand in the large sandbox.
The base of the large sandbox is a scaled copy of the base of the small sandbox, with a scale factor of
1.5. How many bags of sand will they need to buy for the large sandbox?

4. A lawn and garden store is selling 6 bags of sand for $19.50. How much will they spend to buy all the
new sand for both sandboxes?
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Lesson 16 Summary
Suppose we wanted to make a concrete
bench like the one shown in this picture.
If we know that the finished bench has a
volume of 10 ft3 and a surface area of 44
ft2 we can use this information to solve
problems about the bench.

For example,

• How much does the bench weigh?
• How long does it take to wipe the whole bench clean?
• How much will the materials cost to build the bench and to paint it?
To figure out how much the bench weighs, we can use its volume, 10 ft 3. Concrete weighs about 150
pounds per cubic foot, so this bench weighs about 1,500 pounds, because
.
To figure out how long it takes to wipe the bench clean, we can use its surface area, 44 ft2. If it takes a
person about 2 seconds per square foot to wipe a surface clean, then it would take about 88 seconds to
clean this bench, because
. It may take a little less than 88 seconds, since the surfaces where
the bench is touching the ground do not need to be wiped.
Would you use the volume or the surface area of the bench to calculate the cost of the concrete needed to
build this bench? And for the cost of the paint?

Unit 7: Angles, Triangles, and Prisms Lesson 16: Applying Volume and Surface
Area
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Unit 7, Lesson 17: Building Prisms
Let’s build a triangular prism from scratch.

17.1: Nets
Here are some nets for various prisms.

1. What would each net look like when folded?

2. What do you notice about the nets?
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17.2: Making the Base
The base of a triangular prism has one side that is 7 cm long, one side that is 5.5 cm long, and one angle
that measures
.
1. Draw as many different triangles as you can with these given measurements.

2. Select one of the triangles you have drawn. Measure and calculate to approximate its area. Explain or
show your reasoning.
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17.3: Making the Prism
Your teacher will give you an incomplete net. Follow these instructions to complete the net and assemble
the triangular prism:
1. Draw an identical copy of the triangle you selected in the previous activity along the top of the
rectangle, with one vertex on point .
2. Draw another copy of your triangle, flipped upside down, along the bottom of the rectangle, with one
vertex on point .
3. Determine how long the rectangle needs to be to wrap all the way around your triangular bases.
Pause here so your teacher can review your work.
4. Cut out and assemble your net.
After you finish assembling your triangular prism, answer these questions. Explain or show your
reasoning.
1. What is the volume of your prism?

2. What is the surface area of your prism?

3. Stand your prism up so it is sitting on its triangular base.
a. If you were to cut your prism in half horizontally, what shape would the cross section be?
b. If you were to cut your prism in half vertically, what shape would the cross section be?
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17.4: Combining Prisms
1. Compare your prism with your partner’s prism. What is the same? What is different?

2. Find a way you can put your prism and your partner’s prism together to make one new, larger prism.
Describe your new prism.

3. Draw the base of your new prism and label the lengths of the sides.

4. As you answer these questions about your new prism, look for ways you can use your calculations
from the previous activity to help you. Explain or show your reasoning.
What is the area of its base?

What is its height?

What is its volume?

What is its surface area?

Are you ready for more?
How many identical copies of your prism would it take you to put together a new larger prism in which
every dimension was twice as long?

Unit 7: Angles, Triangles, and Prisms Lesson 17: Building Prisms
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