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638 Chapter 11 Surface Area and Volume

Lesson 1-9

Find the area and circumference of a circle with the given radius. Round your
answers to the nearest tenth.

1. 6 in. 113.1 in.2; 37.7 in. 2. 5 cm 78.5 cm2; 31.4 cm 3. 2.5 ft 

4. 1.2 m  4.5 m2; 7.5 m 5. 15 yd 706.9 yd2; 94.2 yd 6. 12 mm

New Vocabulary • sphere • center, radius, diameter, circumference (of a 
sphere) • great circle • hemisphere

What You’ll Learn
• To find the surface area and

volume of a sphere 

. . . And Why
To approximate the surface
area of Earth, as in Example 2

A is the set of all points in space
equidistant from a given point called the

A is a segment that has 
one endpoint at the center and the other
endpoint on the sphere. A is a
segment passing through the center with
endpoints on the sphere.

When a plane and a sphere intersect in more 
than one point, the intersection is a circle. If 
the center of the circle is also the center of the 
sphere, the circle is called a of the 
sphere. The circumference of a great circle is 
the of the sphere.A great circle
divides a sphere into two

A baseball is a model of a sphere. To approximate 
its surface area, you can take apart its covering.
Each of the two sections suggests a pair of circles 
with radius r approximately the radius of the ball.
The area of the four circles, 4πr2, suggests the 
surface area of the ball.

pr2

r

hemispheres.
circumference

great circle

diameter

radiuscenter.

sphere
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11 Finding Surface Area and Volume of a Sphere

Key Concepts Theorem 11-10 Surface Area of a Sphere

The surface area of a sphere is four times the product 
of p and the square of the radius of the sphere.

S.A. = 4pr2

r

r

The length r is
the radius of
the sphere. 2r
is the diameter.

ConnectionReal-World

The diameter of the Hayden
Sphere in New York City is 
87 ft.

19.6 ft2; 15.7 ft

452.4 mm2; 75.4 mm

Check Skills You’ll Need GO for Help
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1. Plan
Objectives
1 To find the surface area and

volume of a sphere

Examples
1 Finding Surface Area
2 Real-World Connection
3 Finding Volume
4 Using Volume to Find 

Surface Area

Math Background

We can thank Archimedes for 
the formulas for the surface 
area and volume of a sphere. 
His clever proofs using the method
of exhaustion anticipate calculus
methods developed nearly 2000
years later. Although neither
formula can be proved at this
level, illustrations will show that
each formula is reasonable.

More Math Background: p. 596D

Lesson Planning and
Resources

See p. 596E for a list of the
resources that support this lesson.

Bell Ringer Practice

Check Skills You’ll Need
For intervention, direct students to:

Finding Circumference of a Circle
Lesson 1-9: Example 2
Extra Skills, Word Problems, Proof

Practice, Ch. 1

Finding Area of a Circle
Lesson 1-9: Example 5
Extra Skills, Word Problems, Proof

Practice, Ch. 1

PowerPoint

Special Needs
For the volume of a sphere, point out that as the
number of pyramids increases, the size of the base of
the pyramids decreases; and the combined area of 
the bases approaches the actual surface area of 
the sphere.

Below Level
Before introducing Theorems 11-10 and 11-11, write
only the words on the board. Then ask students to
write the words as an algebraic formula.

L2L1

learning style: visual learning style: verbal
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Finding Surface Area

Find the surface area of this sphere. Leave your 
answer in terms of p.

S.A. = 4pr2 Use the formula for surface area.

= 4p42 Substitute r ≠ ≠ 4.

= 64p Simplify.

The surface area is 64p m2.

Find the surface area of a sphere with d = 14 in. Give your answer two ways, in
terms of p and rounded to the nearest square inch. 196π in.2; 616 in.2

You can use spheres to approximate the surface areas of real-world objects.

Geography Earth’s equator is about 24,902 mi long. Approximate the surface area
of Earth by finding the surface area of a sphere with circumference 24,902 mi.

Step 1 Find the radius.

C = 2pr Use the formula for circumference.

24,902 = 2pr Substitute.

= r Solve for r.

r = 3963 .2764 Use a calculator.

Step 2 Use the radius to find the surface area.

S.A. = 4pr2 Use the formula for surface area.

= 4p ANS Use a calculator.

= 197387020

The surface area of Earth is about 197,400,000 mi2.

Find the surface area of a melon with circumference 18 in. Round your answer to
the nearest ten square inches. 100 in.2

The following model suggests a formula for the volume of a sphere.

Fill a sphere with a large number n of small pyramids. The vertex of each pyramid
is the center of the sphere. The height of each pyramid is approximately the radius
r of the sphere. The sum of the areas of the bases of the n pyramids approximates
the surface area of the sphere. The sum of the volumes of the n pyramids should
approximate the volume of the sphere.

Volume of each pyramid = Bh

Sum of the volumes of n pyramids < n ? Br Substitute r for h.

= ? (nB) ? r

< ? (4pr2) ? r
Replace nB with the surface 

= pr3
area of a sphere.

It is reasonable to conjecture that the volume of a sphere is 43  
pr3.

4
3 

1
3

1
3

1
3 

1
3 

22Quick Check

24,902
2p

EXAMPLEEXAMPLE Real-World Connection22

11Quick Check

8
2

8 m

EXAMPLEEXAMPLE11

PHSchool.com

For: Graphing calculator
procedures

Web Code: aue-2101
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2. Teach

Guided Instruction

Careers
Airplane pilots and the men and
women who plan airline routes
use great circles for the shortest
routes between distant cities 
on Earth.

Connection 
to Algebra

Have students practice manip-
ulating literal equations by
showing that surface area 
can be expressed in terms of
circumference using the formula
S.A. = .

Additional Examples

Find the surface area of the
sphere. Leave your answer in
terms of p.

324π ft2

The circumference of a rubber
ball is 13 cm. Approximate its
surface area to the nearest whole
number.  54 cm2

22

18 ft

11

C2
p

EXAMPLEEXAMPLE22

Advanced Learners
Have students prove or disprove that the surface area
of a sphere equals the square of its circumference.

English Language Learners ELL
Some students may confuse the formula for the
volume of a sphere with the formula for the surface
area of a sphere. Have students picture the surface
area as 4 large circles, and write the formula 
S.A. .5 4 ? pr2

L4

learning style: visuallearning style: verbal

PowerPoint
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Finding Volume

Find the volume of the sphere. Leave your answer in terms of p.

V = Use the formula for volume.

= Substitute.

= 288p

The volume of the sphere is 288p m3.

Find the volume to the nearest cubic inch of a sphere with diameter 60 in.

If you know the volume of a sphere, you can find its surface area.

Using Volume to Find Surface Area

The volume of a sphere is 5000 m3. What is the surface area of the sphere?

Step 1 Find the radius r.

V = Use the formula for volume of a sphere.

5000 = Substitute.

5000 = r3 Solve for r3.

= r Take cube roots.

r= 10 .607844 Use a calculator.

Step 2 Find the surface area of the sphere.

S.A. = 4pr2 Use the formula for the surface area of a sphere.

= 4pANS Use a calculator.

= 14 14 .0479

The surface area of the sphere is about 1414 m2.

The volume of a sphere is 4200 ft3. Find the surface area to the nearest tenth.

Find the surface area of the sphere with the given diameter or radius. Leave your
answer in terms of π.

1. d = 30 m 2. r = 10 in. 3. d = 32 mm 4. r = 100 yd
Example 1
(page 639)

44Quick Check

3%5000Q 3
4pR

 Q 3
4pR

4
3 pr3

4
3 pr3

EXAMPLEEXAMPLE44

33Quick Check

4
3 p63 6 m

4
3 pr3

EXAMPLEEXAMPLE33

Key Concepts Theorem 11-11 Volume of a Sphere

The volume of a sphere is four thirds the product 
of p and the cube of the radius of the sphere.

V = 4
3 pr3

r

Practice and Problem Solving
For more exercises, see Extra Skill, Word Problem, and Proof Practice.EXERCISES

Practice by ExampleAA

113,097 in.3

1258.9 ft2

900π m2 400π in.2 1024π mm2 40,000π yd2

Problem Solving Hint

The cube root of x, 
, is the number

whose third power is x. 

3!x

GO for
Help

640

Connection to Calculus
Point out that the formula for 
the volume of a sphere is treated
informally at this point. In a
calculus course, the formula can
be proved using integration.

Error Prevention!

The formulas for surface area 
and volume resemble each other
closely enough to cause confusion
for some students. Have them
focus on the exponents to help
differentiate the formulas,
remembering that area and
volume are measured in square
and cubic units, respectively.

Technology Tip

Remind students that also can
be expressed as x , which may be
easier for students to compute on
their calculators.

Additional Examples

Find the volume of the sphere.
Leave your answer in terms of p.

4500π cm3

The volume of a sphere is 1 in.3

Find its surface area to the nearest
tenth.  4.8 in.2

Resources
• Daily Notetaking Guide 11-6

• Daily Notetaking Guide 11-6—
Adapted Instruction

Closure

The surface area of a sphere is
125 in.2 Find its volume to the
nearest whole number.  131 in.3

L1

L3

44

30 cm

33

1
3

"x

EXAMPLEEXAMPLE44

3

PowerPoint



Find the surface area of each ball. Leave each answer in terms of π.

5. 6. 7.

d = 68 mm d = 24 cm d = 2 in.

Use the given circumference to find the surface area of each spherical object.
Round your answer to the nearest whole number.

8. a grapefruit with C = 14 cm  62 cm2 9. a bowling ball with C = 27 in.

10. a pincushion with C = 8 cm  20 cm2 11. a head of lettuce with C = 22 in.

Find the volume of each sphere. Give each answer in terms of π and rounded to
the nearest cubic unit.

12. 13. 14.

15. 16. 17.

A sphere has the volume given. Find its surface area to the nearest whole number.

18. V = 900 in.3  451 in.2 19. V = 3000 m3 1006 m2 20. V = 140 cm3

21. Mental Math Use p < 3 to estimate the surface area and volume of a sphere
with radius 3 cm. S.A. N 108 cm2, V N 108 cm3

22. Visualization The region enclosed by the
semicircle at the right is revolved completely 
about the x-axis.
a. Describe the solid of revolution that is formed.
b. Find its volume in terms of p.
c. Find its surface area in terms of p.

23. Food A sphere of frozen yogurt was pressed into the cone as shown at the left.
If the yogurt melts into the cone, would the cone overflow? Explain. See left.

24. Multiple Choice The sphere at the right fits snugly inside a 
cube with 6-in. edges. What is the approximate volume of the 
space between the sphere and cube?  C

28.3 in.3 76.5 in.3 102.9 in.3 113.1 in.3

Geometry in 3 Dimensions A sphere has center (0, 0, 0) and radius 5.

25. Name the coordinates of six points on the sphere.

26. Tell whether each of the following points is inside, outside, or on the sphere.
A(0,-3, 4), B(1,-1,-1), C(4,-6,-10)  A: on; B: inside; C: outside

y

O
x

2

4

2�2 4 6

Apply Your SkillsBB

Example 4
(page 640)

8.4 m12 yd
8 cm

15 in.
12 cm5 ft

Example 3
(page 640)

Example 2
(page 639)

 
3
4

4 cm

4 cm

12 cm

4 cm
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Exercise 23

576π cm24624π mm2

232 in.2

154 in.2

π ft3;

524 ft3

500
3

288π cm3; 905 cm3 π in.3; 1767 in.31125
2

π cm3; 2145 cm32048
3

π units3256
3

2304π yd3; 7238 yd3

130 cm2

sphere of radius 4

23. Yes; the volume of
the frozen yogurt is 
π cm3, and the

volume of the cone is
64π cm3.

256
3

Answers may vary. Sample: (5, 0, 0), (0, 5, 0), (0, 0, 5), 
(–5, 0, 0), (0, –5, 0), (0, 0, –5)

64π units2

98.784π m3; 310 m3

π in.2121
16

6 in.
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3. Practice
Assignment Guide

A B 1-44
C Challenge 45-51

Test Prep 52-59
Mixed Review 60-67

Homework Quick Check
To check students’ understanding
of key skills and concepts, go over
Exercises 6, 14, 27, 38, 40.

Exercise 6 As students examine
the photograph, ask: What
mathematical term describes two
of the black circles on the
basketball? great circles

Connection to Algebra
Exercises 18–20 Before assigning
these exercises, review how to
solve V = pr3 for r.4

3

1

Guided Problem SolvingGPS

Enrichment

Reteaching

Adapted Practice

Name Class Date

Practice 11-6 Locus

Draw each locus of points in a plane.

1. 1.5 cm from point T

2. 1 in. from 

3. equidistant from the endpoints of 

Draw the locus of points in a plane that satisfy the given conditions.

4. 0.5 in. from and 0.75 in. from S, where RS = 2.5 in.

5. equidistant from points X and Y and on a circle with center at 
point X and radius = XY

6. equidistant from the sides of �ABC and on �E

7. equidistant from both points F and G and points H and J

Describe each locus.

8. the set of points in a plane equidistant from two parallel lines

9. the set of points in space a given distance from a point

10. the set of points in a plane less than 1 in. from a given point

Sketch and label each locus.

11. all points in a plane 2 cm from a point Q

12. all points in a plane 0.75 in. from a line 

13. all points in space 0.5 cm from a segment 

14. all points in a plane 6 mm from a circle with radius 5 mm
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27. Meteorology On September 3, 1970, a hailstone with diameter 5.6 in. fell at
Coffeyville, Kansas. It weighed about 0.018 lb/in.3 compared to the normal
0.033 lb/in.3 for ice. About how heavy was this Kansas hailstone?  1.7 lb

28. Critical Thinking Which is greater, the total volume of three spheres, each of
which has diameter 3 in., or the volume of one sphere that has diameter 8 in.?

Find the volume in terms of π of each sphere with the given surface area.

29. 4p m2  π m3 30. 36p in.2 36π in.3 31. 9p ft2  π ft3 32. 100p mm2

33. 25p yd2 34. 144p cm2 35. 49 m2  π m3 36. 225p mi2

37. A balloon has a 14-in. diameter when it is fully inflated. Half of the air is let out
of the balloon. Assume that the balloon is a sphere.
a. Find the volume of the fully-inflated balloon in terms of p. 457 π in.3

b. Find the volume of the half-inflated balloon in terms of p.
c. What is the diameter of the half-inflated balloon to the nearest inch?  11 in.

38. Sports Equipment The golf ball diameter is 1.68 in.
a. Approximate the surface area of the golf ball.
b. Critical Thinking Do you think that the value you found 

in part (a) is greater or less than the actual surface area 
of the golf ball? Explain. See left.

39. Open-Ended Give the dimensions of a cylinder and a sphere that have the 
same volume.

Find the surface area and volume of each figure.

40. 41. 42.

43. Science The density of steel is about 0.28 lb/in.3. Could you lift a solid steel ball
with radius 4 in.? With radius 6 in.? Explain. See left.

44. A cube with edges 6 in. long fits snugly inside the sphere.
The diagonal of the cube is the diameter of the sphere.
a. Find the length of the diagonal and the radius of the

sphere. Leave your answers in simplest radical form.
b. What is the volume of the space between the sphere 

and the cube to the nearest tenth?  371.7 in.3

Graphing Calculator The sphere has a 10-cm radius. Of all 
the cylinders that fit snugly inside the sphere, such as the one 
shown here, find the dimensions of the one with the greatest 
measure indicated. (Hint: Use the Exploration on page 616.)

45. lateral area 46. volume

47. A plane intersects a sphere to form a circular cross section. The radius of the
sphere is 17 cm and the plane comes to within 8 cm of the center. Draw a
sketch and find the area of the cross section, to the nearest whole number.

48. Suppose a cube and a sphere have the same volume.
a. Which has the greater surface area? Explain. See left.
b. Writing Explain why spheres are rarely used for packaging.

ChallengeCC

2.5 cm

4 cm
2 cm

2.5 cm

4 cm 2.5 cm

1
3

343
6

9
2

4
3

ConnectionReal-World

Hail with diameter about an
inch larger than shown here
broke this windshield.
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π mm3500
3

π mi31125
2

228 π in.32
3

about 8.9 in.2

22π cm2; 
π cm346

3

26π cm2; 
π cm362

3

22π cm2; π cm314
3

44a. 6 in.; 3 in."3"3

r N 7.1 cm, h N 14.1 cm r N 8.2 cm, h N 11.4 cm

707 cm2

Answers may vary. Sample: Spheres are difficult to stack.

Answers may vary. Sample: sphere radius 3 in.; cylinder
radius 3 in., height 4 in.

38b. The answer is less
than the actual surface
area since the dimples
on the golf ball add to
the surface area.

43. Answers may vary.
Sample: You could lift
the small ball because
it weighs about 75 lb.
The big ball would be
much harder to lift
since it weighs about
253 lb.

48a. Cube; explanations
may vary. Sample:
If s3

≠ πr3,  

then s ≠ r. 

So 6s2
≠ 6( r)2

N 15.6 r2
S 4πr2.

"4π
3

3
"4π

3
3

4
3

288π cm3
π yd3125

6

See margin.

GPS

GO nline
Homework Help
Visit: PHSchool.com
Web Code: aue-1106
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Inclusion
Exercise 22 For students who find
visualizing the solid of revolution
difficult, discuss ways to model it,
such as drawing a semicircle on an
index card, cutting it out, attaching
it to a pencil along its diameter,
and then revolving the pencil.

Math Tip
Exercise 24 Have students
calculate the percent of space
inside the cube that is not taken
up by the sphere. They may be
surprised to discover that it is
almost 50 percent.

Connection to 
Coordinate Geometry
Exercise 26 After students
complete this exercise, challenge
them to find the distance
between the center of the sphere
and points A, B, and C.

Diversity
Exercise 38 Students who have
not played golf may not know
that golf balls are dimpled. If
possible, bring in golf balls for
students to examine.

Connection to Physics
Exercise 43 In physics, density is
the ratio of the mass of an object
to its volume. Discuss how the
concept of density explains why a
piece of wood floats in water but
a rock with the same dimensions
sinks.

Exercise 44 Students need to
apply the Pythagorean Theorem
twice to find the length of the
cube’s diagonal.

28. 8 in. sphere; the volume
of the three spheres is
13.5π and of the large
sphere is 85 π.1

3
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59. [2] a. S.A. ≠ 4πr2

36π ≠ 4πr2

9 ≠ r2

r ≠ 3 ft

b. V ≠ πr3

V ≠ π33

V ≠ 36π ft3

[1] one computational
error

4
3

4
3

Lesson Quiz

For Exercises 1–3, find the surface
area. Leave your answer in terms
of π.

1. a sphere whose diameter 
is 13 cm  169π cm2

2. a ball whose circumference is
19p mm  361π mm2

3. a sphere whose volume is 288p
in.3 144π in.2

For Exercises 4 and 5, find the
volume. Round your answer to
the nearest whole number.

4. sphere with radius 5 m  
524 m3

5. sphere with diameter 7 yd  180
yd3

Alternative Assessment

Have students work in pairs to
solve the following problem 
and write a full explanation: 
A spherical ornament is snugly
packaged inside a cube-shaped
box with 2-in. edges so that it
touches all six sides. Find the
volume and surface areas of the
box and of the ornament. Round
to the nearest tenth.

Test Prep

Resources
For additional practice with a
variety of test item formats:
• Standardized Test Prep, p. 657
• Test-Taking Strategies, p. 652
• Test-Taking Strategies with

Transparencies

PowerPoint

4. Assess & ReteachFind the radius of a sphere with the given property.

49. The number of square meters of surface area equals the number of cubic
meters of volume. 3 m

50. The ratio of surface area in square meters to volume in cubic meters is 1 � 5.

51. History The sphere fits snugly inside the cylinder.Archimedes
(c. 287–212 B.C.) asked that such a figure be put on his
gravestone along with the ratio of their volumes, a finding 
that he regarded as his greatest. What is that ratio?  2:3

Read the passage below, then answer Exercises 52–54 based on what is stated
in the passage.

52. What is the radius of the ball of string to the nearest tenth of a foot?  B
A. 3.3 ft B. 6.6 ft C. 13.2 ft D. 20.75 ft

53. Which is the best approximation of the volume of the ball of string?  H
F. 300 ft3 G. 600 ft3 H. 1200 ft3 J. 2400 ft3

54. If Mr. Payne wound the same amount of string each year, which is the best
estimate of the radius after one year?  D
A. 2.2 ft B. 2.3 ft C. 4.4 ft D. 4.6 ft

55. What is the surface area of a sphere whose radius is 7.5 m?  H
F. 75p m2 G. 112.5p m2 H. 225p m2 J. 562.5p m2

56. What is the volume of a sphere whose radius is 6 ft?  C
A. 48p ft3 B. 144p ft3 C. 288p ft3 D. 324p ft3

57. The volume of a sphere is 26,244p cm3. What is its surface area?  J
F. 1070p cm2 G. 1402p cm2 H. 2448p cm2 J. 2916p cm2

58. The surface area of a sphere is 576p in.2. What is its diameter?  C
A. 1 ft B. 1.7 ft C. 2 ft D. 3.5 ft

59. The surface area of a sphere is 36p ft2. Find the radius and volume. Show
your work.  See margin.

Short Response

Multiple Choice

 Test Prep

Lesson 11-6 Surface Areas and Volumes of Spheres 643

15 m

J.C. Payne, a Texas farmer, is the world
champion string collector. The ball of
string he wound over a three-year 
period has a circumference of 41.5 ft.
It weighs 13,000 lb.

Listed in the Guinness Book of
World Records, the ball of string is
now in a museum devoted to oddities.
It took almost a dozen men with fork-
lift trucks to load the ball onto a truck
to move it there.

Believe It Or Not

lesson quiz, PHSchool.com, Web Code: aua-1104



Find the volume of each figure to the nearest cubic unit.

60. 61. 62.

The similarity ratio of a pair of similar isosceles trapezoids is 2 : 3.
A diagonal of the smaller figure has length 7 cm.

63. Find the length of a diagonal in the larger trapezoid. 10.5 cm

64. The perimeter of the larger trapezoid is 40.5 cm. What is the perimeter of the
smaller trapezoid?  27 cm

65. The area of the smaller trapezoid is 30 cm2. What is the area of the 
larger trapezoid?  67.5 cm2

66. A leg of a right triangle measures 4 cm and the hypotenuse measures 7 cm.
Find the measure of each acute angle of the triangle to the nearest degree.

67. The length of each side of a rhombus is 16. The longer diagonal has length 26.
Find the measures of the angles of the rhombus to the nearest degree.

Find the surface area and volume of each figure to the nearest tenth.

1. 2. 3.

4. 5. 6.

7. 8. 9.

10. Critical Thinking Tennis balls fit snugly 
inside a cylinder as shown. Which is 
greater, the volume of the three tennis 
balls or the volume of the space around 
the balls? Explain. See left.

6 cm

5 cm3 ft

2 ft

20 m

16 m

4 m

3 m

9 yd

7 yd

9 cm

5 cm

3 m

6 in.

10 in.

5 ft

3 ft

Lesson 8-4

Lesson 10-4

21 mm

42 mm2 in.

5 in.
4 m

4 m

3 m

Lesson 11-5

Mixed ReviewMixed Review

Checkpoint Quiz 2 Lessons 11-4 through 11-6
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16 m3

19 in.3

35, 55

109, 109, 71, 71

60.2 ft2; 
22.5 ft3

332.9 in.2; 377.0 in.3

439.8 cm2; 
706.9 cm3 207 yd2;

144.8 yd3

44.8 m2; 16 m3

1181.7 m2; 2217.0 m3 32 ft2; 12 ft3

10. The balls; the volume
of the space is 2πr3

and the volume of the
balls is 4πr3.

75.4 cm2; 37.7 cm3

113.1 m2; 113.1 m3

19,396 mm3GO for
Help
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Use this Checkpoint Quiz to check
students’ understanding of the
skills and concepts of Lessons 11-4
through 11-6.

Resources
Grab & Go
• Checkpoint Quiz 2 


