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Three-Dimensional Figures . ACTIVITY33)
What’s Your View? " : - .
Lesson 33-1 Prisms and Pyramids

Learning Targets:
® Describe properties and cross sections of prisms and pyramids.

® Describe the relationship among the faces, edges, and vertices of a
polyhedron.

SUGGESTED LEARNING STRATEGIES: Create Representations,
Use Manipulatives, Self Revision/Peer Revision, Interactive Word Wall,
Visualization

Len Oiler has gone into business for himself. He designs and builds tents for
all occasions. Len usually builds a model of each tent before he creates the
actual tent. As he builds the models, he thinks about two things: the frame
and the fabric that covers the frame. The patterns for Len’s first two designs
are shown by the nets below.

1. Build a frame for each model. ]
Figure 2 : i
Figure 1 A net is a two-dimensional + S
representation for a three- -l
dimensional figure. |

_ Faces are the polygons that make | ——
"""""""""""" up a three-dimensional figure. [.__

An edge is the intersection of any |1

""""""""""""" two faces. ——
i

I

|

—

A vertex is a point at the
intersection of three or more faces.

In an oblique prism, the edges of
the faces connecting the bases are
not perpendicular to the bases. In

a right prism, those edges are :
perpendicular to the bases. |

. T

2, A prism is a three-dimensional solid with two congruent, polygonal, and
parallel bases, whose other faces are called lateral faces. Knowing that
prisms are named according to their base shape and whether they are right
or oblique, refer to the first tent frame you constructed based on Figure 1.
a. What is the shape of the two congruent and parallel bases?

‘ DISCUSSION GROUP TIP

As you read and define new terms,
discuss their meanings with other
group members and make

ech la—(— o "\(‘(qr\9\eS‘ connections to prior learning.
b. What is the shape of the three lateral faces? , — =l
Y“QQ'\—anﬁ\eS

€. What is the best name for the solid formed by the net in Figure 1?
r\jh“' v anﬁular’ prismm

d. Use geometric terms to compare and contrast right prisms and
oblique prisms.
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3. A pyramid is a three-dimensional solid with one polygonal base, whose
lateral faces are triangles with a common vertex. Knowing that pyramids
are named according to their base shape and whether they are right or
oblique, refer to the second tent frame you constructed based on

In an obligue pyramid, the Figure 2 on the previous page.

intersection of the lateral faces (the

top point of the pyramid) is not

directly over the center of the base
asitisin aright pyramid.

height

right pyramid oblique pyramid

a. What is the shape of the base?
35Lu ave

b. What is the best name for the solid formed by the net in Figure 2?

Sﬂuqfe Vl"j-\’)‘\’ P ji’c’um"ok

€. Use geometric terms to compare and contrast right pyramids and
oblique pyramids.

P Theq both have trangular lateral faces. T«
- rght Pvram(cl/ We hecht  contaivs Yo center of

vase.
4, The figure shown icst% %exagonal pyramid. Locate the net for this solid
on the worksheets your teacher has given you.

T

a. List the vertices of the pyramid.
AIB;" C.'/ DI E! F/ T
b. List the base edges.
AR, BC, D, O, EF, AF
¢. List the lateral edges.
AT, BT, CT, bt, BT, ©T

d. List the lateral faces.
AAB-F, OBCT, ACDT, ODET, AEFT, ARFT
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Lesson 33-1
Prisms and Pyramids

5. Complete the table below. Nets for the pentagonal prism and pyramid
can be found on the worksheets your teacher has given you. All listed
figures are examples of polyhedra (singular: polyhedron ).

e ame | Mimberof | Memberof | Tota umbe
Triangular prism 5 A q
Rectangular prism [ % 12
Pentagonal prism 7 o s
Square pyramid 5 S g
Pentagonal pyramid G [ 10
Hexaﬁonal pﬂmmfd 7 7 12
Hexagonal prism 8 2 18

T‘n{amu\lar 4 “ 2
Pgra\’n\‘o\

6. List any patterns that you observe in the table above.

7. Make use of structure. Write a rule that expresses the relationship
among F, V, and E.

FaV oE+2

8. Three views of the hexagonal pyramid are shown below.
a. Label each view as side, top, or bottom.

from (et o r\'a\'\fi bo‘H’om, +?>F, <ide

O @ /N

b. Attend to precision. Explain the significance of the dashed
segments in the views.

The dashed S‘eﬁmeﬁ*s re,‘oresexn‘\’ edjei
Visible 4o Wi viewer,
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A polyhedron is a three-
dimensional figure consisting of
polygons that are joined along
their edges.

in any polyhedron, the intersection
of any two faces is called an edge,
and the vertices of the faces are
the vertices of the polyhedron.

——

g ? I

In your discussion groups, read the
text carefully to clarify meaning.
Reread definitions of terms as
needed to help you comprehend
the meanings of words, or ask your
teacher to clarify vocabulary
words.

ILmscussmN GROUP TIPS 1!

B

HISTORY

Leonard Euler (1707-1783) was
one of the first mathematicians to
write about the relationship
between the number of faces,
vertices, and edges in polyhedrons.
Leonard Euler was not justa
“one-dimensional” man; he made
contributions to the fields of
\physics and shipbuilding, too.

.
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Prisms and Pyramids

9. Sketch and label the bottom, top, and side views of this rectangular
prism.

‘i’ts? and, st de
bottom

10. If the bottom of the solid formed by the net shown is face B, sketch the
top, front, and side views.

hf viea
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Lesson 33-1
Prisms and Pyramids

11. Sketch the bottom, top, and side views of a square pyramid.

HREQUN Eaart

botom side

A cross section of a solid figure is the intersection of that figure and a plane.

Bottom of the solid

12. Make sense of problems. Below are several cross sections of a [ = il
hexagonal right pyramid. Label each cross section as being parallel or |
perpendicular to the base of the pyramid. _ '!

onole

W order from left 4o rght parallel, I |
Pewad‘\(M(Q( qu\\ \ PW‘)?)Ad(CQ ar, '

PWPG‘A’\CL u\ar _ ) -
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and| verfnces, Prkwie

7 o W'\@zwjle_s‘ and #G,Fezow&s.

ve| tVol bages| an

Ta ool o Teral fuces,

4 VI A e[S VIC\\/e_ One.

| Check Your Understanding

-
ld—fgiqlz‘ = F&E 1 : ‘[ﬁu ad] 14. Use geomf:tric terms to co.mpare and contrast prisms and pyramids.
B s 15. Model with mathematics. Consider the triangular prism below.
150 ) paallel fol base ~_
ANV A
5)) perpend ttulart o bate
a. Sketch several cross sections that are parallel to the bases of the
triangular prism.
b. Sketch several cross sections that are perpendicular to the bases of
A g the prism.
(% < Thel_cro$s | Sdctians ¢. Describe the patterns you notice.
Davg el fo | Yhe | base are
&\ cong st (\ar\a‘ES,
Thel Crisd| Secions
par pendic lar Hol thelbase
Ll A ded i et Lol
Hie | Shme heuuaHf’ as_|fe
OIS M| nd lary tnaldedbhs,
i J J
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continued
MyNotesHl
"ﬂ U AN - l 13. Sketch several cross sections that are parallel to the base of a square
AR ’\ CLA\{Q- S 3 L pyramid. Sketch several cross sections that are perpendicular to the base
b_ iek G \C' 4 be of a square pyramid. What patterns do you observe?
Ej RA ¢ ) el j Cross sechons {fl— Hz@ + the b_a & are a \\n/aj
Y ﬁf; : = ﬁrcz”‘ -Eoims Squares. Cress sechons exp&hollﬁklar To the
AN De 7€ D, .

S
base
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Lesson 33-1
Prisms and Pyramids

" ACTIVITY 33)
%rﬁ;,{g@

LESSON 33-1 PRACTICE
16. Consider the prism below.

a. Create a net for the figure.
b. Sketch and label the top, bottom, and side views of the figure.

17. Consider the polyhedron below.

18.

19.

) L

B

. Identify the vertices of the figure.

. Identify the shape of the two congruent and parallel bases.
. Identify the shape of the lateral faces.

. How many lateral edges compose the figure?

. Name each lateral face.

. List the base edges.

g. What is the best name for the polyhedron?

=0 onNn oW

A polyhedron has 10 edges. Explain how to determine the sum of the
number of faces and vertices that compose the figure. Then name the
polyhedron.

Critique the reasoning of others. The design for a new toy is
shown in the net below. Jamal classifies the toy as a hexagonal prism
since there are six lateral faces that meet at one point. Do you agree with
Jamal? Justify your response.

;1 ggg;m 5)‘& S\i%'\‘d\

l%) ™ ik & | pen
) g

<
mn
¥
[X0)

1]
7T
—

Y
J

(14) Nlo] the oy 3

[0 8
hexa gpna) T ik The

3 J

7

" prisym [ there 15 onl
) N|

Llure| 4 {l)ramq'o\ nat-
D
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continued

Learning Targets:
® Describe properties and cross sections of a cylinder.

@ Describe properties and cross sections of a cone.

SUGGESTED LEARNING STRATEGIES: Group Presentation, Self
{ | Revision/Peer Revision, Visualization, Think-Pair-Share, Interactive
! | Word Wall

‘ “ [ A cylinder is the set of all points in space that are a given distance (radius)
=t from a line known as the axis. Bases are formed by the intersection of two

— 1 I +—+—  parallel planes with the cylinder. If the axis is perpendicular to each of the

bases, the cylinder is called a right cylinder.

(bo\(bLS

AN S

vadiug
1. Label the axis, radius, and height in the diagram of the right cylinder.

2. Describe the shape and size of the cross sections that are parallel to the
—— = bases.

Tl ‘ | The cress sec_hens are ch\jmu\* crrcles
| H 4

‘. — — 3. Attend to precision. Sketch an oblique cylinder.

i |
B

!

5 i |

I T _ :"f_ L

4. Len is working on a pattern for a right cylinder. Which base is the correct
size for this cylinder? Explain your answer.

1L Q‘Q‘rcumwcz‘) . -
ht\j
i

© 2015 College Board. All rights reserved.

The larger arcle 5 Yhe corveot size , Since

Yhe lonjes+ Qo\ﬂQ C\m\ﬁ%) of te later! face is o
M’HC Motz Yan three J“fVﬂQS ‘H’\»z Olfclmd‘efa{ Yhe

Civcle .

5. Explain how the dimensions of the rectangle in the net in Item 4 relate
to the cylinder once it is constructed.

The {a\j% of the recharde equals te  clrcum-
Lerence  of fhe bcﬁ@ artl Yhe \nefj bt of the
‘Fec‘r:\rﬂle Lml_i ‘H’Q d\s*\‘cu\CP_. b&'\‘w@% the \DOSES
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Lesson 33-2 ' ACTIVITY

R
e

Cylinders and Cones N

A cone is the union of all segments in space that join points in a circle to a I

point, called the vertex of the cone, that is not coplanar with the circle. The |

base of a cone is the intersection of a cone and a plane. If the segment that -

joins the center of the circle to the vertex is perpendicular to the plane that

contains the center, the cone is a right cone and this segment is called
the height of the cone. Otherwise, the cone is oblique.

4

.35

radius of
the base

6. Compare and contrast the shape and size of the cross sections of a right - |i|A |

cone that is parallel to the base with the cross sections of a cylinder that
is parallel to its base.

The Crass Sections of o Cone are circles (jusf

S in Case o « C'jl(nolcr), but \Vheﬂ are.

no

Congu — :
7. Reason abstracily. Describe the cross section of a right cone that is

perpendicular to the base and contains the vertex of the cone.

SQmP\L answer™.  [scSceles Yiangle . The ‘ne(g\ﬂ’f‘ancl_
raduws form & rght 'hr\‘qr\ﬁ?e_ wit $he la l

Sqr—ﬁm e, Twe Ccp\anar r\'j'\n\*j ﬁ"a(yles are Conj ==
by SAS, so the h‘Jgo{'@nu«s are. ongruest™

When the tent business gets slow, Len makes lampshades, whichare formed

when a plane parallel to the base intersects the cone.

AAn B

8. Len knows the height of the cone is 30 inches and the radius is 9 inches.

He needs to know the area and circumference of the smaller circle,

which is the top of the shade. (Assume the cross sections are 20 inches

apart and parallel.) .
a. Label the center of the small circle P, and draw in PQ. Identify two

similar triangles in the figure. Explain why they are similar.

AVPR and O VCA

~
=

b. Let r represent the radius of the small circle. Using corresponding

sides of the similar triangles, write a proportion and solve for r.
(20, o

—— -——a

| el R

R

¢. Find the circumference and area of the smaller cross section. T T

C=27(32) = 6T inches e I
T .
ﬁ = T\'<3) =Chr f(\c\neg : Activity 33  Three-Dimensional Figures 487




ACTIVITY 33 | Lesson 33-2
| continuea Cylinders and Cones

_ =S NS e S NN

| MyiNotes'

C)W cros$ Sec NS | ave

Check Your Understanding |

rec \j\es ;
- 9. Describe the shape of the cross sections that are perpendicular to the
l D) oblidued fone bases of a right cylinder.
- 1 : 10. A figure has one base. The distance from the center of the base to the
| ) %—5 C&ag 9 SJ;QZ oy —"\+___ vertex is greater than the height. What is the best name for the figure?
n+?’r €S N q\( R t(S PR | 11, Emma and Malia are both studying cross sections
G, i S5 I & B a of the right cylinder shown. Emma states that all
g d] A& l\ WASS planes that pass through the axis of the cylinder
Net cirTie form cross sections in the shape of a circle. Malia
says this is not always true. Provide a counterexample
' J of Emma’s statement to prove that Malia is correct.
l:—) Sincel d pige <]
{inder, Cynss— -
ke Wor ! ace Al
Dipge s | al duel Se
%T\L conoda | 1=+ F“';; LESSON 33-2 PRACTICE
o r=2 e lbhod 12. Make sense of problems. PVC is a type of plastic that is often used

in construction. A PVC pipe with a 4 in. diameter is used to transfer
cleaning solution into a process vessel. Explain how to compute the

7 ] cross-sectional area of the pipe.
i} i, 13. A graphic designer is working on a new label for a product that is
‘BQ |7‘5?;w‘_ B ﬁ (L&?_(\{H’\ - IL;J:: packaged in a can. The radius of the cylinder is 12 cm. The distance
e leadih 10| Ve kod L l between the top and bottom of the can is 15 cm.
‘ 1T I A AR & a. Describe the shape of the label prior to it being attached to the can.
a\( als the [Clycumferende b. What are the dimensions of the label so that it completely covers the
£ e ba Se, usg e curved area of the can? Explain how you determined your answer.
Yieno s lofl e an jﬁ L . What is the area of the label, to the nearest square centimeter?
O d ﬂ?‘l Qg F ae 14. For each figure, determine the number of axes of symmetry and the
Be (s hi | number of planes of symmetry.
€. n Au Qay] l‘ e [ a. b.

~

(=

‘J(a\ ofe Laxid of [ s mkla:kli
\n-ﬁ \{- ) Qneg‘] right cylinder
' o right cone
\Lﬂ?) Ciel_ axis Suynme’

[ . / . .
wFin e {'a eg[ ¢ d
() No | axis ot l<uhmetnl,
| J al’
O e Par\&
ra

Md) ne_laxis ma_ | < mrrua’mj oblique cylinder

one fran ] oblique cone

(>
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Lesson 33-3 B - bl I-\.CTIVITY33_1\}'
Spheres and Solids of Rotation R g L Bnues

Learning Targets:
@ Describe properties and cross sections of a sphere.

® Identify three-dimensional objects generated by rotations of two-
dimensional objects.

SUGGESTED LEARNING STRATEGIES: Interactive Word Wall,
Vocabulary Organizer, Create Representations, Visualization,
Think-Pair-Share

Len provides spherical-shaped paper lanterns for his customers to use on
camping trips. A sphere is created when a circle is rotated in space about one
of its diameters. A sphere is the set of all points in space that are a given
distance (radius) from a given point (center).

1. Consider the cross sections of a sphere.
a. Describe the shape and size of the cross sections.
ThQ ,C(DSS SQCj\‘ong GYe CW—C\QS O‘F varﬂ‘r\ﬂ The intersection of a plane
Stzes, through the center of a sphere i
b. Where will the largest of these cross sections be located? knlfvl\llg asa gcreer;te ci(:cle. . ’ _
The \ng-?" Wf” occur wWhen the Pl&‘na ot el |
(N ferse circle to form He cross secton
also  contuns the center of e soghe,re.
a

¢. Where is the center of the largest possible cross section sphere
located in relation to the center of the sphere?

The Center of the areat cirele comeides
with  vhe cepter of7 the Qphefe.

2. The figure shown is a sphere.

a. Write a definition for a chord of a sphere. Draw and label a chord in
the diagram.
A chod (¢ a Seq rert Whese endpo ints Le
on l‘\z,c? 7
b. Write a definition E)?the iameter of a sphere. Draw and label a

diameter in the diagram.

A diameter s a chod Yt contains the.

Cen '&fef .
¢. Write a definition for a tangent (line or plane) to a sphere. Draw and
label a tangent line and a tangent plane in the diagram.

A ""’t'ﬂﬂm’% fine (or p(qne,) l‘n-\e(ggdg HYre sPhe,m
exacHy one poirt

d. What must be true-dbout a plane that is tangent to a sphere and a
radius of the sphere drawn to the point of tangency? Explain your

answer.

The radius s PWP%O((\mkar Yo WHe
ﬁncjen'f P\Qn&a ot the point of Jragjenc:fj.—
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ACTIVITY 33,
continued

Lesson 33-3
Spheres and Solids of Rotation

g ’MWAJFO@ s |

(CONNECT To T3 \

| Right cylinders, cones, and spheres
are often called solids of rotation
because they can be formed by
rotating a rectangle, triangle, or
semicircle around an axis. In
calculus, you will learn how to
compute the volume of solids of
rotation using a definite integral.

A sphere is created by rotating a semicircle about a line, as shown in the
figure below.

—

\

s B

Rotating a plane about a given axis such that it forms a three-dimensional
figure is known as a solid of rotation.

3. Model with mathematics. Sketch and name the solid generated by
rotating rectangle ABCD about line m.

J

Q)

The rstahon gehemd—e& a C\ljl\‘nder.
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| ACTIVITY 33)

!
Lesson 33-3 | :

G
o

Spheres and Solids of Rotation L Cohdku i
LIGRT AR « 2 PR S o - :
TR B el o T O L
IMylNotes

4, Sketch and name the solid generated by rotating the triangle about the

The t’b‘\‘a“‘t‘or\ gencra'\"ecﬁ G Cone. | S T T

5. Describe how Figure B was created from Figure A. Then name the [ 7] _ I __‘ _ _—_ B
various three-dimensional figures that make up Figure B. |

TN

Figure A Figure B e S S |3

Flbure A was ratoded cxbou"f \\‘h{ m to i ____ R
3e_ncra+e Faure B, Fl:at-lYt B 15 o mPoSCGl
of  twe cones and” two  cylinders,

6. Use appropriate tools strategically. Cut out any

two-dimensional shape, tape it to a string or wooden stick, then

hold the string/stick vertically and twirl it between your fingers to see

the three-dimensional solid it forms.

a. Sketch the three-dimensional figure formed by your model.

b. Compare your model with a partner’s. Describe the differences in the
figures formed. What accounts for these differences?

¢. Describe other tools you can use to create a solid of rotation model.
Use your model to generate at least two more solid figures.

Activity 33 » Three-Dimensional Figures 491
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contimued Spheres and Solids of Rotation

)k | of ' Check Your Understanding
reat S| ¥
Same | Measure| as 7. What is the ratio of the measure of the radius of a sphere to the
ag iulS h¢ gl)}‘) J measure of the radius of its great circle? Explain.

‘ : 8. Two spheres intersect, as shown in the diagram below. Describe the

2
‘o\_
g
,h
£

intersection of the two spheres.

" L2
o res| (s & |Cilrele
sé _Iplane | |3 en—
¥Qh\(‘_u Qar “'-o “the l(r*e |
Yoining e ceadelrz | et
Clourfices | ahd] whas <::|
Cende slon Uit linel, ' |
4) Nol,_thd Ggure [ &drhed '
wo 1d h“ ‘7% he |~ 9. Can a solid of rotation about the x-axis
S(jm : icd| abol/t | Ye generate the three-dimensional figure X
—axis, S#, s u‘& ateg as shown? Explain.
.

SUm rnr:hu K X=OXIE
v | ) LESSON 33-3 PRACTICE
N 10. How do the areas of the cross sections of a sphere compare to each other
\O) T\n’{a oveay ot dhe as you move farther away from the center of the sphere?
ciceles et [ stndller, . .
3] ) 11, Identify by name the greatest chord in a sphere.
) D Th (amdter O'E a 12. What figure is formed by rotating a m
s e - |a I’_COC\?S'{" square about line m?
~he oft ‘-H«p ~ soh 13, Which of the following two-dimensional
X Y figures was rotated about the y-axis to form
12) [culved the three-dimensional figure shown?

| \

A. C. D.
! 14. Model with mathematics. Keiko designed a pendant for a necklace
_l ‘ by rotating a square about a diagonal, as shown. What is the width of
the pendant at its widest point?
2cm
| ¥
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