


1 So, the cup holds approximately __________ fluid ounces.



2 A food manufacturer sells yogurt in coneshaped cups with the dimensions shown. To the 
nearest tenth, how many fluid ounces of yogurt does the cup hold? (Hint: 1 cm3 approx  
0.034 fl oz)

A 0.6 fl oz

B 5.7 fl oz

C 17.1 fl oz

D 22.8 fl oz
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Volumes of Cones


 Using the Whiteboard Use the table of contents to go to specific sections of the lesson, or tap Next to  
go to the first section of the lesson.


 Teaching the Math Preview the Essential Question: How do you calculate the volume of a cone?


Common Core Standards for Mathematical Content
 CC.9–12.G.GMD.1 Give an informal argument for the formula for the . . . volume of a . . . cone.


 CC.9–12.G.GMD.3 Use volume formulas for . . . cones . . . to solve problems.*


Common Core Standards for Mathematical Practice
 CC.K–12.MP.1 Make sense of problems and persevere in solving them.


Navigating the SMART Notebook file 


Home Return to the Main Menu. Check Answers Pull out to view the answers to 
all problems on the page.


Teacher 
Notes Open the Teacher Notes PDF. Answer Show the correct answer to a 


problem.


Previous Go to the previous page. Try Another Generate another problem for 
extra practice.


Next Go to the next page.
SMART 
Response 
Question


Indicates the question is 
compatible with a SMART 
Response interactive response 
system.


Action 
Arrow Reveal hidden content. 


Tips
Clear or reset the screen   To reset the screen, tap Edit > Reset Page or tap the Reset Page button if it is on 


the toolbar.


 Add tools and functions to your SMART Notebook toolbar or floating palette


   Tap the Customize button in the toolbar or floating palette, and then drag the tool to  
  the toolbar or floating palette.
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Explore: Developing a Volume Formula


 Using the Whiteboard • Review the concept of a cone. Pull out the Definition tab to view the definition  
of cone.


• Use the Eraser to reveal the figures under the blue boxes as you discuss the plan 
with the students.


 Teaching the Math The approach to finding a formula for the volume of a cone in this lesson is very 
similar to the approach to finding a formula for the circumference of a circle. In the 
circumference lesson, students used inscribed regular polygons and an informal 
limit argument to show that the circumference, C, of a circle with radius r is given by 
C = 2πr. In this lesson, students inscribe a sequence of pyramids in a given cone and 


use similar reasoning to show that the volume, V, of the cone is given by V =  Bh, 


where B is the base area and h is the cone’s height.


Ask: To develop a formula for the volume of a cone, why does it make sense to work 
with inscribed pyramids? We already have a formula for the volume of a pyramid.
Ask: In general, what happens as the number of sides of the base of the inscribed 
pyramid gets larger? The pyramid becomes a better fit for the cone; that is, the volume 
of the pyramid gets closer to the volume of the cone.
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Explore: Developing a Volume Formula, Steps A–B


 Using the Whiteboard • Ask a student to go over the instructions in Step A on the diagram.
• Tap the Action Arrow to reveal Step B.
• Have a second student follow the instructions in Step B. Ask the student to use the 


Pen to complete the statements by writing above or below the blue boxes. 
• Finally,  tap the Answer button to check the answers.


 Teaching the Math Review the process students used to develop a formula for the circumference of 
a circle. Then provide an overview of the similar process that will be used here. 
• Given a cone, consider an inscribed pyramid with a base that is a regular polygon. 


Find an expression for the area of the base that is based on r (the radius of the 
cone) and n (the number of sides of the polygon.)


• Find an expression for the volume of the inscribed pyramid. 
• Use a calculator to find out what happens as n, the number of sides of the 


polygonal base, gets larger.
Ask: How is the area of the base of the pyramid related to the area of AOB? Why? 
The area of the base of the pyramid is n times the area of AOB since the base is 
composed of n triangles, all congruent to AOB.


 Answer Key the SSS Congruence Criterion
CPCTC
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Explore: Developing a Volume Formula, Step C-E


 Using the Whiteboard • Ask a student to use the Pen to complete the statements in Step C. 
• Pull out the Diagram tab if necessary for student reference.
• Tap the Action Arrow. Invite a different student to use the Pen to complete the 


statement in Step D.
• Tap the next Action Arrow. Have a student use the Pen to complete the 


statement in Step E. 


 Answer Key C.  n 


 


D. 


E. 
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Explore: Developing a Volume Formula, Step F


 Using the Whiteboard • Review the formula for the area of AOB. Pull out the Diagram tab if necessary 
for student reference.


• Pull out the Expression tab to show the expressions from Steps D and E.
• Use the Eraser to reveal one step at a time (there are three steps.) Invite three 


students to take turns using the Pen to fill in the blanks.


 Answer Key 
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Explore: Developing a Volume Formula, Steps G-H


 Using the Whiteboard • Read the Step with students.
• Have students complete the investigation using their graphing calculators.
• Discuss the results with the class. Have a student use the Pen to write an answer 


to the question in Step G.
• Pull out the Expression tab to show the expression from Step F. Invite a new 


volunteer to use the Pen to answer the question in Step H.
• Pull out the Diagram tab if necessary for student reference.
• Tap Reflect to bring up the discussion question.


 Teaching the Math In the Explore, students use their calculator’s table feature to find out what happens 
to the expression


as n gets larger. You may also wish to have students investigate this question 
through graphing. Specifically, once students have entered the expression as Y1, 
they can view the graph of the function and use the TRACE feature to see that 
as n gets larger, the y-values get closer to π. As shown below, students can also 
graph the function Y2 = π to support their findings. (The graph shown here has 
a viewing window of 3 ≤ x ≤ 20 and 0 ≤ y ≤ 5.)


 Answer Key G: The value gets closer to π.
H: The expression gets closer to πr2h.


Reflect: Since πr2 is the area of the base, the formula can be written as V = Bh, 
which is the same as the formula for the volume of a pyramid.
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Engage: Volume of a Cone


 Using the Whiteboard • Review the key concept.
• Tap Reflect to reveal the discussion question.


 Answer Key Reflect: Cavalieri’s Principle states that if two solids have the same height and the 
same cross-sectional area at every level, then the two solids have the same volume. 
A right cone that is pushed to form an oblique cone will have the same volume.
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Example: Solving a Volume Problem, Step A


 Using the Whiteboard • Review the problem with students and discuss how to solve it.
• Have a student use the Pen to write the radius.
• Use the Eraser to show all of the hidden material at once. 
• Invite three students to take turns using the Pen to complete the solution.


 Teaching the Math Ask: Can you find the volume of the cone using only the given dimensions? Why or 
why not? No; the formula requires the height of the cone, which is not given.


 Answer Key r = 1.375 in.
1.375
28.359375
5.325 in.
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Example: Solving a Volume Problem, Steps B-C


 Using the Whiteboard • Read the Steps with students.
• Have a student use the Pen to complete the statement in Step B. 
• As needed, pull out the Problem tab to review the problem and show the values 


determined in Step A.
• Have a different student use the Pen to fill in the first two blanks in Step C. 
• If SMART Response remotes are available, have students use them to complete 


the equation.
• Click the SMART Response tab, if installed, and then start the question to 


begin voting.
• Or a volunteer may use the Pen to write the answer.
• Ask a student to use the Pen to complete the final sentence in Step C.
• Tap Reflect to reveal the discussion question.


 Teaching the Math Ask: Once you know the volume of the cone, what do you need to do? How can you 
do this? Convert the volume to fluid ounces using the fact that 1 in.3 is approximately 
0.554 fl oz. (That is, multiply the volume in cubic inches by the factor 0.554 to convert 
to fluid ounces.)
Ask: Does the paper cup hold a cup of water? Why or why not? No; a cup is 8 fl oz, 
but the volume of the cone is only 5.8 fl oz.


Highlighting the Mathematical Practice Standards 
To address Standard 1 (Make sense of problems and persevere in solving them), 
ask students whether their answer to the example seems reasonable. Help students 
recognize that a volume of 5.8 fl oz is a bit less than a cup (8 fl oz) and that this is 
a sensible volume for a cone with the given dimensions. Also, ask students to give 
examples of answers that might have raised a red flag and prompted them to double 
check their calculations.


 Answer Key B. 1.375; 5.325; 10.54 in.3


C. 10.54; 10.54; 5.8
 5.8
Reflect: Multiply the conical cup’s volume in fluid ounces by 3.
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Try This: Finding the Volume of a Cone


 Using the Whiteboard • Have a student solve the problem and use the Pen to write the volume of 
the cone.


• Tap Try Another to reveal a new problem.
• Invite a new volunteer to solve the problem and write the answer with the Pen.


 Answer Key First problem: 15.9 mm3


Second problem: 50.7 ft3
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Test Prep


 Using the Whiteboard • If SMART Response remotes are available, have students use them to answer 
the question.


• Click the SMART Response tab, if installed, and then start the question to 
begin voting.


• Or a volunteer may use the Pen to circle the answer.
• Tap Answer to reveal the correct answer.


 Teaching the Math Students who answered A may have forgotten to multiply by the height when 
finding the volume of the cone, or they may have multiplied the volume of the cone 
by 0.0034 to convert to fluid ounces.
Students who answered C may have forgotten the factor of  in the formula for the 
volume of a cone. 
Students who answered D may have used 8 cm as the radius of the cone rather 
than 4 cm.


 Answer Key B) 5.7 fl oz
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Answer the Essential Question


 Using the Whiteboard • Read the Essential Question: How do you calculate the volume of a cone?
• You may use the Essential Question as a discussion question or have a volunteer 


use the Pen to write an answer.


 Answer Key Essential Question: The volume, V, of a cone with base area B and height h is 


given by V = Bh (or V = πr2h, where r is the radius of the base).
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Try This: Finding the Volume of a Cone


 Using the Whiteboard • Have a student solve the problem and use the Pen to write the volume of 
the cone.


• Tap Try Another to reveal a new problem.
• Invite a new volunteer to solve the problem and write the answer with the Pen.


 Answer Key First problem: 15.9 mm3


Second problem: 50.7 ft3
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Test Prep


 Using the Whiteboard • If SMART Response remotes are available, have students use them to answer 
the question.


• Click the SMART Response tab, if installed, and then start the question to 
begin voting.


• Or a volunteer may use the Pen to circle the answer.
• Tap Answer to reveal the correct answer.


 Teaching the Math Students who answered A may have forgotten to multiply by the height when 
finding the volume of the cone, or they may have multiplied the volume of the cone 
by 0.0034 to convert to fluid ounces.
Students who answered C may have forgotten the factor of  in the formula for the 
volume of a cone. 
Students who answered D may have used 8 cm as the radius of the cone rather 
than 4 cm.


 Answer Key B) 5.7 fl oz
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Answer the Essential Question


 Using the Whiteboard • Read the Essential Question: How do you calculate the volume of a cone?
• You may use the Essential Question as a discussion question or have a volunteer 


use the Pen to write an answer.


 Answer Key Essential Question: The volume, V, of a cone with base area B and height h is 


given by V = Bh (or V = πr2h, where r is the radius of the base).


Copyright © 2013 by Houghton Mifflin Harcourt Publishing Company


All rights reserved. No part of the material protected by this copyright may be reproduced or utilized in 
any form or by any means, electronic or mechanical, including photocopying, recording, broadcasting or 
by any other information storage and retrieval system, without written permission of the copyright owner 
unless such copying is expressly permitted by federal copyright law.


Only those pages that are specifically enabled by the program and indicated by the presence of the 
print icon may be printed and reproduced in classroom quantities by individual teachers using the 
corresponding student’s textbook or kit as the major vehicle for regular classroom instruction.


Common Core State Standards © Copyright 2010. National Governors Association Center for Best 
Practices and Council of Chief State School Officers. All rights reserved.


This product is not sponsored or endorsed by the Common Core State Standards Initiative of the 
National Governors Association Center for Best Practices and the Council of Chief State School Officers.


HOUGHTON MIFFLIN HARCOURT and the HMH Logo are trademarks and service marks of Houghton 
Mifflin Harcourt Publishing Company. You shall not display, disparage, dilute or taint Houghton Mifflin 
Harcourt trademarks and service marks or use any confusingly similar marks, or use Houghton Mifflin 
Harcourt marks in such a way that would misrepresent the identity of the owner. Any permitted use 
of Houghton Mifflin Harcourt trademarks and service marks inures to the benefit of Houghton Mifflin 
Harcourt Publishing Company.


All other trademarks, service marks or registered trademarks appearing on Houghton Mifflin Harcourt 
Publishing Company websites are the trademarks or service marks of their respective owners.





SMART Notebook




3


Explore: Developing a Volume Formula


 Using the Whiteboard • Review the concept of a cone. Pull out the Definition tab to view the definition  
of cone.


• Use the Eraser to reveal the figures under the blue boxes as you discuss the plan 
with the students.


 Teaching the Math The approach to finding a formula for the volume of a cone in this lesson is very 
similar to the approach to finding a formula for the circumference of a circle. In the 
circumference lesson, students used inscribed regular polygons and an informal 
limit argument to show that the circumference, C, of a circle with radius r is given by 
C = 2πr. In this lesson, students inscribe a sequence of pyramids in a given cone and 


use similar reasoning to show that the volume, V, of the cone is given by V =  Bh, 


where B is the base area and h is the cone’s height.


Ask: To develop a formula for the volume of a cone, why does it make sense to work 
with inscribed pyramids? We already have a formula for the volume of a pyramid.
Ask: In general, what happens as the number of sides of the base of the inscribed 
pyramid gets larger? The pyramid becomes a better fit for the cone; that is, the volume 
of the pyramid gets closer to the volume of the cone.
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Explore: Developing a Volume Formula, Steps A–B


 Using the Whiteboard • Ask a student to go over the instructions in Step A on the diagram.
• Tap the Action Arrow to reveal Step B.
• Have a second student follow the instructions in Step B. Ask the student to use the 


Pen to complete the statements by writing above or below the blue boxes. 
• Finally,  tap the Answer button to check the answers.


 Teaching the Math Review the process students used to develop a formula for the circumference of 
a circle. Then provide an overview of the similar process that will be used here. 
• Given a cone, consider an inscribed pyramid with a base that is a regular polygon. 


Find an expression for the area of the base that is based on r (the radius of the 
cone) and n (the number of sides of the polygon.)


• Find an expression for the volume of the inscribed pyramid. 
• Use a calculator to find out what happens as n, the number of sides of the 


polygonal base, gets larger.
Ask: How is the area of the base of the pyramid related to the area of AOB? Why? 
The area of the base of the pyramid is n times the area of AOB since the base is 
composed of n triangles, all congruent to AOB.


 Answer Key the SSS Congruence Criterion
CPCTC
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Explore: Developing a Volume Formula, Step C-E


 Using the Whiteboard • Ask a student to use the Pen to complete the statements in Step C. 
• Pull out the Diagram tab if necessary for student reference.
• Tap the Action Arrow. Invite a different student to use the Pen to complete the 


statement in Step D.
• Tap the next Action Arrow. Have a student use the Pen to complete the 


statement in Step E. 


 Answer Key C.  n 


 


D. 


E. 
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Explore: Developing a Volume Formula, Step F


 Using the Whiteboard • Review the formula for the area of AOB. Pull out the Diagram tab if necessary 
for student reference.


• Pull out the Expression tab to show the expressions from Steps D and E.
• Use the Eraser to reveal one step at a time (there are three steps.) Invite three 


students to take turns using the Pen to fill in the blanks.


 Answer Key 
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Explore: Developing a Volume Formula, Steps G-H


 Using the Whiteboard • Read the Step with students.
• Have students complete the investigation using their graphing calculators.
• Discuss the results with the class. Have a student use the Pen to write an answer 


to the question in Step G.
• Pull out the Expression tab to show the expression from Step F. Invite a new 


volunteer to use the Pen to answer the question in Step H.
• Pull out the Diagram tab if necessary for student reference.
• Tap Reflect to bring up the discussion question.


 Teaching the Math In the Explore, students use their calculator’s table feature to find out what happens 
to the expression


as n gets larger. You may also wish to have students investigate this question 
through graphing. Specifically, once students have entered the expression as Y1, 
they can view the graph of the function and use the TRACE feature to see that 
as n gets larger, the y-values get closer to π. As shown below, students can also 
graph the function Y2 = π to support their findings. (The graph shown here has 
a viewing window of 3 ≤ x ≤ 20 and 0 ≤ y ≤ 5.)


 Answer Key G: The value gets closer to π.
H: The expression gets closer to πr2h.


Reflect: Since πr2 is the area of the base, the formula can be written as V = Bh, 
which is the same as the formula for the volume of a pyramid.
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Engage: Volume of a Cone


 Using the Whiteboard • Review the key concept.
• Tap Reflect to reveal the discussion question.


 Answer Key Reflect: Cavalieri’s Principle states that if two solids have the same height and the 
same cross-sectional area at every level, then the two solids have the same volume. 
A right cone that is pushed to form an oblique cone will have the same volume.
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Example: Solving a Volume Problem, Step A


 Using the Whiteboard • Review the problem with students and discuss how to solve it.
• Have a student use the Pen to write the radius.
• Use the Eraser to show all of the hidden material at once. 
• Invite three students to take turns using the Pen to complete the solution.


 Teaching the Math Ask: Can you find the volume of the cone using only the given dimensions? Why or 
why not? No; the formula requires the height of the cone, which is not given.


 Answer Key r = 1.375 in.
1.375
28.359375
5.325 in.
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Example: Solving a Volume Problem, Steps B-C


 Using the Whiteboard • Read the Steps with students.
• Have a student use the Pen to complete the statement in Step B. 
• As needed, pull out the Problem tab to review the problem and show the values 


determined in Step A.
• Have a different student use the Pen to fill in the first two blanks in Step C. 
• If SMART Response remotes are available, have students use them to complete 


the equation.
• Click the SMART Response tab, if installed, and then start the question to 


begin voting.
• Or a volunteer may use the Pen to write the answer.
• Ask a student to use the Pen to complete the final sentence in Step C.
• Tap Reflect to reveal the discussion question.


 Teaching the Math Ask: Once you know the volume of the cone, what do you need to do? How can you 
do this? Convert the volume to fluid ounces using the fact that 1 in.3 is approximately 
0.554 fl oz. (That is, multiply the volume in cubic inches by the factor 0.554 to convert 
to fluid ounces.)
Ask: Does the paper cup hold a cup of water? Why or why not? No; a cup is 8 fl oz, 
but the volume of the cone is only 5.8 fl oz.


Highlighting the Mathematical Practice Standards 
To address Standard 1 (Make sense of problems and persevere in solving them), 
ask students whether their answer to the example seems reasonable. Help students 
recognize that a volume of 5.8 fl oz is a bit less than a cup (8 fl oz) and that this is 
a sensible volume for a cone with the given dimensions. Also, ask students to give 
examples of answers that might have raised a red flag and prompted them to double 
check their calculations.


 Answer Key B. 1.375; 5.325; 10.54 in.3


C. 10.54; 10.54; 5.8
 5.8
Reflect: Multiply the conical cup’s volume in fluid ounces by 3.
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