Honors Geometry Notes Packet Name:

Chapter & 3D Figures
8.1 THREE-DIMENSIONAL FICGURES

Objectives:
o Classify solids

e Determine the shapes of cross sections and intersections of solids & planes.
% Types of Solids

Polyhedra Not Polyhedra
!
I

prism pyramid cylinder cone sphere

% Polyhedron Edge
» A solid formed by polygons that enclose a single region of space.
»  The flat polygonal surfaces of a polyhedron are called its faces.

» A segment where two faces intersect is called an edge.

=« The point of intersection of three or more edges is called a vertex of the

polyhedron.
w» Prlsms. . . . Y Lateral  Vvertex
> A prism is a special type of polyhedron, with two faces Bases face = Muuu m'm
called bases, which are congruent, parallel polygons. , P Mis l
= The other faces of the polyhedron, called lateral faces, are Lateral
parallelograms that connect the corresponding sides of the edge
bases. Hexagonal
* The lateral faces meet to form lateral edges. prism
Prisms are classified by their bases. 1
Altitude
= A prism whose lateral faces are rectangles is called a right Altitude e

prism. Its lateral edges are perpendicular to its bases.

* A prism that is not a right prism is called an obligue prism.

*  The altitude (aka height) of a prism is any perpendicular

Oblique tri s
segment from one base to the place of the other base. HUESER ipriem

Right pentagonal prism Bm%

% Pyramids

> A pyramid is a polyhedron with one polygonal face (called the ‘l—R\W Vertex
base) and whose lateral faces are triangles formed by segments
5 q q Lateral
connecting the vertices of the base to a common point, the vertex, face Lateral
not on the base. edge
=  Pyramids are classified by their bases. NN, Alitnde ol
* The altitude (aka height) of a pyramid is the AN Base
perpendicular segment from its vertex to the Trapezoidal pyramid
place of its base. i

Hexagonal pyramid

BISL
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% Circular Solids
% Spheres
» A sphere is the set of all points in space at a given distance from a given point.

* The given distance is called the radius of the sphere, and the given point is the center of the
sphere.

> A hemisphere is half a sphere and its circular base.

~_Center : ' Center
Radius_\ /

——— s e -

Radius _~

Great circle

Sphere Hemisphere
% Cylinders
» Acylinder is a solid with two bases which are congruent, parallel circles.
» The segment connecting the centers of the bases is called the axis of the cylinder.

«  The radius of the cylinder is the radius of a base.

= If the axis of a cylinder is perpendicular to the bases, then the cylinder is a right cylinder.
»  Acylinder that is not a right cylinder is an oblique cylinder.

= The altitude (aka height) of a cylinder is any perpendicular segment from the plane of one base to the
plane of the other.

Radius Bases ,’l l
| i sUN S
C“ / : w. Altitude
I
|
|

|
[ NG SV I,

AXIS —

Right cylinder Oblique cylinder

9,

< Cones
» A cone has a circular base and a vertex.

= The radius of a cone is the radius of its base.

= The vertex of a cone is the point that is the greatest perpendicular distance from the base.

» The altitude (aka height) is the perpendicular segment from the vertex to the place of the base.

» Iftheline segment connecting the vertex of a cone with the center of its base is perpendicular to the
base, then it is a right cone.

Vertex — .
N
A Altitude Altitude !
Radius Base ;
o IO V2
Right cone Oblique cone
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+ Investigating Cross Sections
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> A cross section of a solid is the two-dimensional figure formed by the intersection of a plane and
a solid when a plane passes through the solid.

> Go to www.geogebra.org

» Search for: 3D Geometry & Cross Sections

Author: Duke

» Click on Cross Sections & Solids for FSA(7)
= Explore the sections (listed below) and record your finds in the table (below).

Describe the cross section(s) formed when a plane

Sections of Spheres

Ol

Sold intersects the solid. ) -
( \@!M l:U\ :
Sections of Ke['mw (hm} %a)l\.q ‘ { Clapad
Rectangular Pyramids ‘-'Q’Qat.ey M
Tﬂamfu_ (virticad)
JY\N%OM; ku»\ o v0g()’ %m;
— VL e #
Sections of Cylinders uzrc‘ilaﬁ :
(VAT Cod x/ 110 \00»%(\}
) P
Sections of Cones C}ILCJLQ . %¢yﬂ..
Il 10 ol Slﬂm
T

Sections of Cubes

SHON et

TRIaNgRY e
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8.2 TRANSFORMING TWO-DIMENSIONAL FIGURES

Objectives:
o Apply rotations & translations to two-dimensional plane figures to create three-dimensional solids.

e Describe three-dimensional solids formed by rotations & translations of plane figures through space.
e Build three-dimensional solids by stacking congruent or similar two-dimensional plane figures.

% Investigating Rotations in Three-Dimensional Space
» Go to www.geogebra.org

= Search for: Rotating 2D Shapes to Make 3D Shapes

Author: Sobarrera
* Explore rotating triangles, rectangles and circles.
= Record your findings below.

Relate the dimensions of the 2D shape to the
2D Shape 3D Shape 3D shape

gt \oheigpd (amo)
(e ' %M oS = bus

ectangle 1 ] LW
- Cﬁ Dh et %“ basej
Circle W & e % Yo md-U-LS

% Translations in Three-Dimensional Space

» A 2D figure is translated through space in a direction that is perpendicular to the plane
containing the 2D figure to form the solid shown:

2D Shape 3D Shape
Triangle . , A
7 R gl
i \ i/=7£ P
Rectangle
ectang / ................ 7 "LQC:\» r\
Circle -
‘\“Z‘f”&)? Q . ! n n
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% Stacking Two-Dimensional Congruent or Similar Figures

» Stacking Circles

*  What is the name of the solid formed by a stack of congruent circles?

Cobind s

*  What is the name of the solid formed by a stack of similar circles?

Cont

» Stacking Squares

* What is the name of the solid formed by a stack of congruent

st TLQCHOVRION prUSm

» What is the name of the solid formed by a stack of similar squares?

Shoe - Py

» Stacking Triangles

C 5

* What is the name of the solid formed by a stack of congruent triangles?

TRLOQUON PUSM

» What is the name of the solid formed by a stack of similar trlangles‘?

TRiunglon PWM

8.3 VOLUME OF PRISMS & CYLINDERS

Objectives:

*  Use Cavalieri’s principles to estimate the approximate volume of irregular or oblique figures.

e Calculate the volume of prisms and cylinders

Recall that the volume of a three-dimensional figure is the number of non-overlapping cubic units contained in

the interior of the figure.

PROBLEM 1~ Developing a Basic Yolume Formula

A Consider a figure that is the base of a prism or cylinder.

Assume the figure has an area of B square units.

B Use the base to build a prism or cylinder with
height I unit.
This means the prism or cylinder contains J_L
cubic units.

€ Now use the base to build a prism or cylinder with a
height of k units.

So, the volume of the prism or cylinder is .m

cubic units.
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Complete the Conjecture: V\
If B is the area of the base of a right prism and h is the height, then the formula for volume is E .

olume of Obligue Prisms
What about the volume of an oblique prism or cylinder? You can approximate the
shape of this oblique rectangular prism with a staggered stack of three reams of
8.5-by-11-inch paper. If you nudge the individual pieces of paper into a slanted
stack, then your approximation can be even better.

8.5in.

Oblique Stacked reams Stacked sheets Sheets of paper
rectangular prism of 8.5-by-11-inch paper of paper stacked straight
Rearranging the paper into a right rectangular prism changes the shape, but
certainly the volume of paper hasn’t changed. The area of the base, 8.5 by
11 inches, didn’t change and the height, 6 inches, didi’t change, either.

% Cavalieri’s Principle for Volume

» Consider the solids below. All three have cross sections with equal areas, B, and all three have
equal heights, h. By Cavalieri’s Principle, it follows that each solid has the same volume.

EXAMPLE 1~ (avalieris Prindple

Each stack of memo papers shown contains 500 sheets of paper. Explain why
S the stacks have the same volume. Then calculate the volume, given that each
‘}US sheet of paper is 3 inches by 3 inches by 0.01 inches.

S (E0Cn Sk of papen has- TR
.Nl Sorvd U0 = 3"!)7\- 3in= q|?§;ﬁ3 A 23

oo stack WaS +he Soomo A = + 0.0lin=5iv
L E‘G\D/\,OF\S\D Hag vVolu@ 1S e Sk = Ay cin = 4Gy
EXAMPLE 2 ~ Yolume Applications B \f\ =V

A cord of firewood is 128 cubic feet. Macy has three storage boxes for firewood that each measure 2 feet
by 3 feet by 4 feet. Does she have enough space to order a full cord of firewood? A half cord? A quarter
cord? Explain your reasoning.

\pu= 234 = 248> X 8las= %ZH%
fof onosas ey o Tull end,
s etz A J2OOR)™ U H*i‘;ﬁ\ » aef nd

TS
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olume of Cylinders

ﬂ] === Cavalieri’s Principle %
If two solids have the same height Y
. \“-_._,____._-—/

and the same cross-sectional area P E— < gl

at every level, then the two solids /K7 area -s,g% s ' &%gﬂm B “._-'7' 2

have the same volume. R S ——— L

~

S

You can think of any oblique cylinder as a right cylinder that has been “pushed over” so
that the cross sections at every level have equal areas. By Cavalieri's principle, the volume
of an ablique cylinder is equal to the volume of the associated right cylinder. This means
the formtﬂe@ﬁﬁg_ﬂﬁlmﬁmy\cﬂm@

EXAMPLE 2~ finding the Volume of an blique ylinder
a. Find the height of the cylinder shown if the height is twice the radius.

Igld t};E‘:YV(iKlume of the cyli—r;’eg V_; BV‘
HE=EK \;\\z 720 V=041

% . V=024 Crg
V/ ey VAT O

EXAMPLE 4 ~ (omparing Densities i S

-— iy
- ~.
A

GB= 64r cm'*’

You gather data about two wood logs that are approximately cylindrical. Density = weight i
Based on the data in the table, which wood is denser, Douglas fir or volume
American redwood?>  mmmmmmmmmemeeeeed
Type of Wood Diameter (ft) Height (ft) Weight (Ib)
Douglas fir 1 R=0.W 6 155.5
American redwood 3 K"‘ \GJ 4 791.7

L) R AR
Y \g v="r (94
V= 15T £t V= 9T 13

D= 1900 » 33 g3 Dﬂ%‘% = 2% |17

HT

Douglss FIR 1S mow LER
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Objective:

e Calculate the volume of pyramids and cones

PROBLEM 1~ (onnecting the Volumes of Prisms and Pyramids

4 cm

a. How are the solids alike? SQS‘*O)\_Q bag UY\ MU 0\ UnB
Sone nghd = 4 e
b. How are they diffef'ent? 3
puusm Vo pyvae d- .
c. Find the volume of the rectangular prism. \/ . 0\ 4 = 3‘0 M

d. How does the volume of the prism compare to that of the rectangular pyramid, if the pyramid’s

volume is 12 cubic centimeter‘s? . %\0 ._.. g = \ 2_ ‘
e F%yunvdﬂ 1S Yzt v of Hhe pris-
PROBLEM 2 ~ (onnecting the Yolumes of (yfinders and Cones

\? T
9 ft 5 ft 9ft
o] L

a. How are the solids alike? (v Cu \LGR- bose 3 o
bOSR OU= 26T 2 Stu hwopd = a

b. How are they different?

%W VS. COIng

c. Find the volume of the cylinder. Leave your answer in terms of m.

V= 2T 4= 225 1°
d. How does the volume of the cylinder compare to that of the cone, if the cone’s volume is 757
cubic feet? ‘
226+ 15T =3 |
g o 1S Yz e valuene of ’\Nmﬁ\wﬁﬁ’\
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4
)
{1 i \
Lty 1h
= \ I
=N 0
ey ;_1 3\ e
l'. . r
\L—B\ ti—-
B

Voyramid = % Bh = BV\

Vprism

f——]

EXAMPLE 1~ Yolume Application with Pyramids

The Great Pyramid in Giza, Egypt, is approximately a square pyramid
with the dimensions shown. The pyramid is composed of stone blocks
that are rectangular prisms. An average block has dimensions 1.3 meters
by 1.3 meters by 0.7 meters. Approximately how many stone blocks
were used to build the pyramid?

Vey = & (230) 140 = 112340

Pt

~ 2614401 W
Vaek>(19)- 07 = 1193 m®

¥ of ,Vﬁf- 21102\ VS

PloekS

EXAMPLE 2 ~ Yolume Application with Cones

A conical paper cu? has the dimensions shown. How many fluid ounces of liquid

does the cup hold?’Round to the nearest tenth. (Hint: 1in2~ 0.554fl 0z)

Vo= 5T U519 (2.39)
= 165 I

0.9 « 0.574 fl.oe

\IVP
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EXAMPLES ~ Yolume of Pyramids and Cones N
3. Find the height of the triangular pyramid. 4. Find the radius of the cone. \]9 g '“’ K h

\ V=24m? \I’ EBV‘ - .
\ 4= I o 5715

ﬂw \‘ G Z‘\‘?V\ 31707 % 2.5

- h PR :
- ‘\A@Q”\ o [bI-R

9.5 VOLUME OF A SPHERE

Objective:

e (Calculate the volume of spheres
Recall that a sphere is the set of points in space that are a fixed distance from a point e

called the center of the sphere. The intersection of a sphere and a plane that contains
the center of the sphere is a great circle. A great circle divides a sphere into to v

congruent halves that are called hemispheres.

EXAMPLES ~ Yolume of a Sphere

Find the volume of the ball shown. If necessary, round to the nearest hundredth.

1. owlg 11 \{: 3," H'ZF» 2. Basketball \/ ﬁ—’“ LA‘ «m
O =325 V= Wf M i’

d=85in. = 295in. = Z’“' R
K= 429 in. =
EXAMPLE 2 ~ Volume Application with Spheres 4N =Rk

A British thermal unit (BTU) is a unit of energy. It is approximately the amount of energy
needed to increase the temperature of one pound of water by one degree Fahrenheit. As you
will see in the following example, the energy content of a fuel may be measured in BTUs per
unit of volume.

A spherical gas tank has the dimensions shown. When filled with natural gas, it
provides 275,321 BTU. How many BTUs does one cubic foot of natural gas yield?
Round to the nearest BTU.

\= £ () - 254 % 2up.0b 41

2up W P = 219321 BTY
/’—_HT 7

Chapter 8: Three-Dimensional Figures \ W
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8.6 APPLICATIONS WITH YOLUME
Objectives:

e Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems.
¢  Use geometric shapes, their measures, and their properties to describe objects

o Apply concepts of density based on area and volume in modeling situations

o Apply geometric methods to solve design problems

1. Describe a strategy for approximating the volume of the vase shown. Then sin.
determine the approximate volume of the vase to the nearest hundredth.

3 LW lindINS, each WI G Weight =4in _
\/Q% - T34 = 3u

<

*

;
™
N

u
(o)
=

2. A typical hot-air balloon is about 75 feet tall and about 55 feet in
diameter at its widest point. About how many cubic feet of hot air
does a typical hot-air balloon hold? Explain how you determined

your answer. h“— Q:l G; ’

: 1.9)°
Vig™ 23 T

Vegy= T (:ﬂ-"ﬂ 419 -4
150403 1T £1°

Chapter 8: Three-Dimensional Figures



Displacement

What happens if you add a scoop of ice cream to
glass filled with root beer?

The volume of the liquid that overflows equals the
volume of the solid below the liquid level. This volume
is called the object’s displacement.

3. Marlie wants to find the volume of an irregularly
shaped rock. She puts some water into a rectangular
prism with a base that measures 10 cm by 15 cm. When
the rock is put into the contain, Marlie notices that the

@er Tevel rises 2 cm because the rock displaces its
volume of water. What is the volume of the rock?

\{NCK 0-1h- 2= 300 coy

Deity
An important property of a material is density. Density is the mass of matter in a given volume. You
can find the mass of an object by weighing it. You can calcuate the density by dividing the mass by

the volume:
mass

density =
ty volume

4. A clump of metal weighing 351.4 grams is dropped into a cylindrical container, causing the water
level to rise 1.1 cm. The radius of the base of the container is 3 cm. What is the density of the metal?
Given the table, and assuming the metal is pure, what is the metal?

V b\ “w\ e/ ,‘Y Metal Density Metal Density
(\ D Aluminum | 2.81 g/fem?® | Nickel 8.89 g/cm?
L ) Copper 8.97 g/cm® | Platinum | 21.40 g/em?
q /n' Gold 19.30 g/cm?® | Potassium | 0.86 g/cm?
q' Lead 11.30 g/cma Silver 10.50 g/fcm?
ngum 0.54 g/cm® | Sodium 0.97 g/cm?

dery= B = 119 qns/ent
LWX
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