LESSON Points, Lines, and Planes

L

Warm U P - 113). Vocabulary The plane contains the x-axis and the y-axis.

5324. Kira needs to buy a piece of pipe that is 40% longer than the 7-inch piece
B she already has. What length of pipe does Kira need?

p
Start off each lesson by
practicing prerequisite

skills and math 3. Simplify \/81.

vocabulary that will make (SB6) 4(n " 6)

you m’ore successful with 4. Evaluate forn =2.
\today s new concept. (SB14) n

New Conce ptS In geometry, a definition of a term is a statement that defines a mathematical
object. Definitions usually reference other mathematical terms. A basic
mathematical term that is not defined using other mathematical terms is
called an undefined term. In geometry, points, lines, and planes are undefined
terms that are the building blocks used for defining other terms.

A point names a location and has no size. It is represented by a dot and
labeled using a capital letter, such as P.

A line is a straight path that has no thickness and extends forever. There

are an infinite number of points on a line. A line is named using either a
lowercase letter or any twg_p)oints on the line. Two possible names for the line
shown in the diagram are AB and line x.

Any set of points that lie on the same line are called collinear points. In the
diagram, A, B, and D are collinear. If points do not lie on the same line, they
are noncollinear. Points 4, B, and C are noncollinear.

Hint

A ruler can be used to
determine if points are
collinear or noncollinear.

Aruler can always . . . .

connect two points, so Example n Identifying Lines and Collinear Points

two points are always . . .

collinear. Three points are Give two different names for the line.

only collinear if you can

use the ruler to draw a SOLUTION —

line passing through all Two possible names for the line are line y and CD. c

. <>

three of them. The order of the points does not matter, so DC oF
would also be correct. D
Name three collinear points and three noncollinear points. F
SOLUTION y

Online Connection Points C, D, and F are collinear. Points C, D, and E are
www.SaxonMathResources.com noncollinear.
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Math Reasoning

Model What are some
common objects that are
planes?

rEach day brings you a
New Concept where a
new topic is introduced
and explained through
thorough Examples

— using a variety of
methods and real-world
applications.

You will be reviewing

and building on this

concept throughout

the year to gain a solid

understanding and

ensure mastery on the
\teSt'

Math Reasoning

Model Can two planes
have no intersections
at all? What common
objects illustrate what
this might look like?

A plane is a flat surface that has no thickness and extends forever. A plane
is named using either an uppercase letter or three noncollinear points that
lie in the plane. The plane in the diagram below could be called plane P or
plane ABC.

oA
e C

Lines or points that are in the same plane are said to be coplanar. If there is
no plane that contains the lines or points, then they are noncoplanar. Space is
the set of all points. Therefore, space includes all lines and all planes.

Example E Identifying Planes %

I
What are two different names for this plane? * -
SOLUTION ¥e
Two possible names for the plane are plane

FGH or plane M.

Example B Identifying Coplanar Lines

¢
Identify the coplanar and noncoplanar f
lines in the diagram. !

SOLUTION !
Lines m and n are coplanar. Line £ is 1 w
noncoplanar with lines m and n. j

o H

Identify the coplanar and noncoplanar
lines in the diagram.

SOLUTION
Lines r and s are coplanar. Line ¢ is
noncoplanar with lines r and s.

An intersection is the point or set of points in which two figures meet. When
two lines intersect, their intersection is a single point. When two planes
intersect, their intersection is a single line. If a line lies in a plane, then their
intersection is the line itself. If the line does not lie in the plane, then their
intersection is a single point.

Lines ¢ and m intersect at point Q. Plane R intersects
plane P at line m. The intersection of plane R and
line m is line m. Line ¢ intersects planes P and R

at point Q.
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(In some lessons,
Explorations allow you
to go into more depth
with the mathematics
by investigating

math concepts with
manipulatives, through
patterns, and in a variety
\Of other ways.

Example ﬂ Intersecting Lines and Planes

What is the intersection of AB and CD?

SOLUTION

. . —> <«—>
The intersection of AB and CD
is point E.

What is the intersection of PQ and RS?
What is the intersection of planes M and L£7?

SOLUTION
. . <> <>
The intersection of PQ and RS
is point 7. The intersection of the planes P

you check to see if you
understand today’s new
concept.

The italic numbers refer
to the Example in this
lesson in which the major
concept of that particular
problem is introduced.
You can refer to the
lesson examples if you
\need additional help.

( \
The Lesson Practice lets
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L=
M and L is PQ.

Lesson Practice

Identify each of the following from the diagram.

X
a. All of the lines.
(Ex1)
" ll)) A pair of collinear points.

" Zc) All of the planes.
d. Three coplanar points.
(Ex2)
e. Two coplanar lines.
(Ex3)

f. A pair of noncoplanar lines.
(Ex3)

Use the diagram to answer each question.

g. What is the intersection of JK and Nam?
(

Ex4) . . .
. 51 What is the intersection of E and plane W?
™% What is the intersection of NP and plane W?



Practice Dpistributed and Integrated

1 In the diagram, which set of three points are collinear?
’ Which point cannot be included in a collinear set of three points?

21. Can two points be noncollinear?

2) Can two noncoplanar lines intersect?
2). Name three undefined basic figures of geometry.
(51). What term describes two lines that have a point in common?

(61). Generalize Can three points be noncoplanar? Explain.

(The italic numbers refer )
to the lesson(s) in which
the major concept of
that particular problem
is introduced. You can
refer to the examples or
practice in that lesson, if

| you need additional help.)

Z). Name the coplanar points shown on plane M.

=

AN

\ 8 Write The floor, ceiling, and walls of a room are all parts of planes. How many
planes intersect the plane of the floor in your classroom? What geometric figures
are formed where the planes intersect? Explain.

Use the diagram to answer problems 9-11.

B

A

H

?15 What is the intersection between the planes?
—> —> <> .
125 Justify Are AD, CD, and CH coplanar? Explain.

e
1(115 State the intersection point of BC and line x.

121. Multiple Choice Which statement is true?
YA Any two lines are coplanar. B Any three lines are coplanar.
C Any two intersecting lines are coplanar. D Any two perpendicular lines are noncoplanar.

1;). How many different points can a line contain?
1

1;1). How many different lines can a plane contain?
1
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15.
(M)

16.
(1)

17

(SB1I)

18

(SB2)

19

(SB3)

20

(SB3)

21

(SB41)

22

(SB1)

23

(SB6)

24

(SBY)

25

(SB11)

26

(SB10)

27.

(SB1I3)

28.

(SB 14)

29.

(SB 16)

30.

(SB19)

Multiple Choice Which statement is true?

A The intersection of two lines forms a one-dimensional figure.
B The intersection of two planes forms a two-dimensional figure.
C The intersection of two planes forms a one-dimensional figure.
D The intersection of two lines forms a two-dimensional figure.

Error Analysis Miri used two points to name a plane. What mistake did Miri
make in naming the plane?

Evaluate: 5 — (7 +8) +~ 5+ (=2)3

Name the property of addition shown by this equation:
(+3) + (=4) = (-4) + (+3)

Error Analysis Jacob said that —3 is a rational number. Aaron said that —3
is an irrational number. Who is correct? Explain.

Justify Is 0.3 irrational? Why or why not?

p
In the Practice, you

will review today’s new
concept as well as math
you learned in earlier
lessons. By practicing
problems from many
lessons every day, you
will begin to see how
math concepts relate and
connect to each other
and to the real world.

Also, because you
practice the same topic
in a variety of ways over
several lessons, you will
have “time to learn” the
concept and will have
multiple opportunities
to show that you

kunderstand.

A ball player is at bat 55 times and hits the ball 33 times. What ratio of

his times at bat does he not hit the ball?

-3
Evaluate: (—3)3 — (%)

Simplify: 2V 12 + 6V 27

A concrete pad has dimensions 9 feet by 9 feet by 4 inches. How

many cubic yards of concrete does it contain?

Meteorology ) Determine the mean and median values for the weekly rainfall

data.

Day Monday | Tuesday | Wednesday | Thursday | Friday |Saturday | Sunday
Rainfall |, 5 2 0 4 25 7
(mm)

On average, the acceleration due to gravity is 9.807 m/s”. A science

student measured it as 9.760 m/s°. To the nearest hundredth of a percent, what

was the student’s percent error?

Coordinate Geometry Plot these points on the coordinate plane: (2, 1), (-1, —1),

(0,0), and (3, —1).

X
y

Algebra Transform the formula I = Prt to solve for r.

, Where x = =2,y = 1

Algebra Evaluate the expression xy > + >

Algebra State the slope of the line 3x + 4y — 15 = 0.

Saxon Geometry

The mixed set of Practice

is just like the mixed

format of your state test.
You'll be practicing for
the “big” test every day!




Segments

lWarm Up

(115 Vocabulary Points that lie on the same line are called points.

2. Solvefor x: 5x +6=2x—-5

(SB15)

(SB%J Simplify: 5(2x — 6) + 3x — 7

l New Conce ptS A line segment is a part of a line consisting of two endpoints and all points

Math Language

Point Cis between
points Aand Bif A, B,
and C are collinear and
AC+ CB = AB.

Caution

When comparing
segments or other
geometric figures,
congruence statements
are used. When the
length of segments are
being compared, or any
other measurements
that can be expressed as
numbers, an equal sign
is used.

Hint

For more on the
Reflexive, Symmetric,
and Transitive Properties
of Equality, see the Skills
Bank at the back of this
textbook.

between them.

A B

The diagram above depicts a line segment with endpoints 4 and B.
A segment is named by its two endpoints in either order with a straight
segment drawn over them. This segment could be called either AB or BA.

Two geometric objects that have the same size and shape are congruent.
Congruent segments have the same length.

In this figure, 4B and CD are congruent. As shown on the diagram, they both
have a length of 5 units.

A congruence statement shows that two segments are congruent.
The symbol = is read “is congruent to.” The congruence statement for
the segments above is AB= CD.

In a diagram, congruent segments are shown with tick marks. The diagram
below shows congruent segments indicated by tick marks.

P

Q R

The following properties apply to all congruent segments.

Reflexive Property of 1B= 4B

Congruence

oymmetric Property of |y 75 = €D, then CD = 4B.
ongruence

If AB= CD and CD = FF,
then AB = EF.

Transitive Property of
Congruence

Lesson 2 7



Example n Using Properties of Equality and Congruence
Identify the property that justifies each statement.
WX=YZ,soYZ=WX

SOLUTION
Symmetric Property of Congruence

(b) PO = RSand RS = TU, so PQ = TU

SOLUTION
Transitive Property of Congruence

GH = GH
SOLUTION
Reflexive Property of Congruence

Reading Math A ruler can be used to measure the lengths of segments. The points on a ruler
correspond with the points on a line segment. This concept is presented

in the Ruler Postulate. A postulate is a statement that is accepted as true
without proof.

The length of AB is
denoted AB.

Postulate 1: Ruler Postulate

The points on a line can be paired in a one-to-one correspondence with
the real numbers such that:

1. Any two given points can have coordinates 0 and 1.

2. The distance between two points is the absolute value of the difference
of their coordinates.

Distance is the measure of the segment connecting two points. The distance
between two points can be represented by those two points with no segment
symbol. For example, 4 B means “the distance between 4 and B.”

Distance is always positive, so absolute values are used to calculate distances.

A B
———o

1 2 3 4 5

@ Online Connection } | Point 4 — Point B| =2 —4|=|-2]|=2
W m

ww.SaxonMathResources.col

The distance from point A to point B is 2.
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Hint

Postulates are statements
that are accepted as true
without proof. See the
Postulates and Theorems
section in the back of
this book for a complete
list of postulates in this
program.

Find each distance.

(a) 4B

SOLUTION
AB =16 — 3|
= 13|
=3

(b) BC

SOLUTION
BC=|3—(-9)|
=8|
=3

(c) CD

SOLUTION

CD =|(=5) — (=1)|
=| -4
=4

AC

SOLUTION

AC=6—(=9)|
=|11]

=11

In the example above, notice that AC = AB + BC. This is not a coincidence.

Example E Finding Distance on a Number Line

A® 6
5

4

B# 3
-2
- 1
-0
D¢ —1
- —2
- -3
- —4

Postulate 2: Segment Addition Postulate

If Bis between A and C, then AB + BC = AC.

Example B Using the Segment Addition Postulate

Point S lies on RT between R and 7. RS = 12 and RT = 31. Find ST.

SOLUTION
RT= RS+ ST
31=12+ ST
19 =S8T

Find ACin terms of x.

2Xx—7 3Xx+9

o—— 5
A B C

SOLUTION

AC= AB+ BC

AC=02x -7+ (3x+9)

AC=5x+2

Segment Addition Postulate
Substitute.
Subtract 12 from both sides.

Segment Addition Postulate
Substitute.
Simplify.

Lesson 2




The midpoint of a segment is the point that divides the segment into two
congruent parts. If M is the midpoint of AB, then AM = MB.
A M B
Midpoint

Example n Application: Hiking

. . . . vz
A hiker is traveling up a mountain towards
Hint the summit. The distance from the base of the
. .. . 2.
Notice in Examples 3 mountain to the summit is 2.5 miles, as shown. \o\,,)‘
and 4 that each step of How far will she have traveled when she reaches )
Mo the midpoint (¥) of the hike? A
help pre!oare you fo!' SOLUTION
performing algebraic and
geometric proofs later in XZ=XY+ YZ Segment
the program. Addition Property b
XY=YZ Definition of midpoint
XZ=XY+ XY Substitute XY for YZ.
2.5=2(XY) Substitute.
1.25=XY Divide both sides by 2.
The hiker will have traveled 1.25 miles when she reaches the midpoint.

Lesson Practice

LA Identify the property that justifies the statement,
Y KL = MN, so MN = KL.

b. Find the distance between the points 4 and B.
(Ex2) A B

~—t+—t—+++1+o1>
-4 —2 0 2 4

¢. Find ACin terms of x.
(Ex3) )
X“—x+3 2x+4+7
r—0—0

A B C

d. The drive from Seattle to San Francisco is 8§11 miles. How many miles
(Ex4) . . . . .
is the midpoint from either city?

Practice Dpistributed and Integrated

1. Measure the line segments at right to determine c
which segments are congruent. A

(5326} Estimate V32 to the nearest tenth.

(SB% What property is illustrated by this statement?

If a and b are real numbers, thena + b = b + a. B

10 Saxon Geometry



4. Multiple Choice What is the least number of points that can determine a plane?
YAl B 2
C3 D 4

Calculate the length of each segment using the diagram below.

5. AD A C D B
2 e+ o+—+—+++++o+++++o+
6. BC 10 -8 —6 -4 -2 0 2 4 6 8 10
2)

7. DA

2)

8. AC

{iF} 9. Data Analysis The numbers in this set are the math test scores for a class. Find the
mode.

{62, 53,74, 55, 66, 72, 80, 83, 83, 86, 92, 93, 40, 51, 61, 71}

10. Evaluate 3m” — 5m + 17 for m = —3.
(SB14)

(sglzlsj In what quadrant is point S if its coordinates are (2, —4)?

12. Find the median of the set {2, 2.3.5,6.7.7.8. 9}.

(SB11)

Xy 132. Algebra A, B, and C are collinear, AB = 5x — 19, and BC = 3x + 4. Find an
@ expression for ACif B is between 4 and C.

14, The city is planning to install streetlights and wants five lights
? along a walkway of 60 yards. If there is a light at the beginning and at the end of

the walkway and the lights are evenly spaced, what is the distance between each
light?

151. Error Analysis Sunil stated that three points determine a unique plane. Explain
™ Sunil’s error and and give a corrected statement.

W4 16. Algebra Suppose AB = 3x, BC =2y + 16, AC = 60, and B is the midpoint of AC.
’ Find the values of x and P

17. Analyze Points D, E, and F are collinear with E between D and F. DE = 15,
) EF = x + 17, and DF = 3x — 10. Find EF and DF.

\ }82 Write Describe how equality and congruence are used to describe two line
2 segments and their lengths.

12). Are points A, B, and C collinear, coplanar, both, or neither?

29). How many points are required to determine a line?
1

2(11). Multiple Choice Which of these statements is false?
A Two distinct points determine a line.
B Three noncollinear points determine a plane.
C Two noncoplanar lines determine a space.
D Four noncoplanar points determine a space.

Lesson 2 1



2%; Lines MN and PQ intersect at point E. Name two sets of three collinear points.

23. Factor: 2x> — 16x — 66

(SB18)

24. Expand: (x — 4)(x + 7)

(SB18)

/3%555 A piece of wood that is 8 feet long need§ to be 7 feet 4 inches long.
How much has to be cut off? Express your answer in feet.

45

26. Simplif :_—. Express your answer with positive exponents.
36; Simplify: =5 5 Express y p p

(S27; If sales tax is 6%, estimate the sales tax on an item that retails for
B4
$48.99.

S%Sj. Estimate the sum to the nearest whole number.
58918 4 2.345 + 0.65 + 13.56

S%99 Multi-Step There are 1000 liters in a cubic meter and approximately 3.85 liters
%% in one gallon. A swimming pool measures 8 meters wide by 4 meters long by
1.5 meters deep. Approximately how many gallons of water can the pool hold?

. In a free fall, accelerati ity i imately 9.8 m/s”.
(S%(z) n a free fall, acce eration due to gravity is approximately 9.8 m/s
Convert this rate into ft/s”.

12 Saxon Geometry



Angles

Warm Up 1 Vocabulary Two figures that have the same size and shape are called
figures.
1(2°
5321) Simplify: 5 (7 — )
3. Convert 7 into a decimal number. Is it a terminating decimal number,

(SB3) . . . . . .
repeating decimal number, or non-terminating and non-repeating decimal
number?

New COn ce ptS A ray is a part of a line that starts at an endpoint and extends infinitely in
one direction.

A B

A ray is named by its endpoint and any other point on the ray. For example,
the ray in the diagram is called AB which is read “ray 4B.”

Two rays that have a common endpoint and form a line are called opposite
rays.
X Y z

-———0—>
— — .
Rays YX and YZ are opposite rays.

An angle is a figure formed by two rays with a common endpoint. The
common endpoint is the angle s vertex. The rays are the sides of the angle.
The sides of this angle are BA and BC. The vertex is B.

A

1

B
c
Caution An angle can be named in several different ways: by its vertex, by a point
on each ray and the vertex, or by a number. For example, the angle in the
An angle can be named diagram could be called £B, LZABC, ZCBA, or /1.
by its vertex only if it is
clear that there is only The exterior of an angle is the set of all points outside the angle. The interior

oneangle at the vertex. of an angle is the set of all points between the sides of an angle.

exterior of
/ABC

interior of
LABC

Online Connection B*® é
www.SaxonMathResources.com
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Math Language

Analyze Rays that form a
straight angle are called
opposite rays.

14

Saxon Geometry

Example n Naming Angles and Rays

Name three rays in the diagram.

SOLUTION
—_— — —
SP, SQ, and SR

Name three angles in the diagram.

SOLUTION
ZPSQor L1, ZOSR or £2, and £ZPSR.

Could ZPSQ also be referred to as £S?

SOLUTION
No, there are three different angles with S as a vertex.

A protractor is a tool used to measure angles. Unlike segments, angles are
measured in degrees. One degree is a unit of angle measure that is equal to

1 .
360 of a circle.

Postulate 3: Protractor Postulate

Given a point X on I(ﬁ{), consider rays XP and A7R>, as well as a&he other

rays that can be drawn with X as an endpoint, on one side of PR. These

rays can be paired with the real numbers from 0 to 180 such that:

1. XP is paired with 0, and XR is
paired with 180.

2.1f XA is paired with a number ¢

and XB is paired with a number d
then mZAXB = | ¢ — d|.

B
m\\\\‘m i ”:h/”w””/f'///,y/,
8 9O 100 iy
s i 90 5w, Ty,

.
%" 12

winaluinyy,* 6°

N //é///I//, i, #
Iy

Angles are classified according to their angle measure.
An acute angle measures greater than 0° and less than 90°.
An obtuse angle measures greater than 90° and less than 180°.

A right angle measures exactly 90°. A box drawn at the vertex of an angle
shows that it is a right angle, as shown in the diagram.

A straight angle measures exactly 180°.

£\ =

Acute Obtuse Right Straight




Reading Math

The measure of ZABD is
represented by adding
a lowercase ‘m’to the

notation, that is mZABD.

Example E Measuring and Classifying Angles

Use a protractor to measure ZABC, then
classify the angle.

SOLUTION ZABC measures 130°, so it is an
obtuse angle.

classify the angle.

SOLUTION ZDEF measures 40°, so it is an
acute angle.

Use a protractor to measure ZGHI, then
classify the angle.

SOLUTION ZGHI measures 90°, so it 1s
a right angle.

/\~
B o
Use a protractor to measure ZDEF, then D
;E
H[— G
I

Angles can be added in the same way that segments are added.

Postulate 4: The Angle Addition Postulate

If point D is in the interior of D
ZABC, then A
mZABD + mZDBC = mZABC.

B C

Example B Using the Angle Addition Postulate

The measure of ZRST = 22° and mZ£TSU = 69°.

Find mZRSU. Classify the angle. A

SOLUTION
mZRST + mLTSU = mZRSU Angle Addition
Postulate
22° 4+ 69° = mZRSU Substitute. S
91° = mZRSU Simplify.

ZRSUis an obtuse angle.

-
U
To bisect a figure is to divide it into two congruent xdw
parts. An angle bisector is a ray that divides an angle
into two congruent angles. Congruent angles have the z
same measure. They are marked with arc marks, as
shown in the diagram.
S
LXYW=LWYZand LZYS = £LSYT. Y
A

Lesson 3 15



Example n Using Angle Bisectors and Congruence Marks

The measure of ZABC = 44°. EZ’ bisects ZABD. A C

The measure of ZEBF = 23°. Find the measure

of ZCBE. D
SOLUTION Since BC bisects ZABD . it divides . 3

ZABD into two congruent angles. So,
ZABC = /ZCBD and mZABC = mZCBD.
Since mZABC = 44°, m/ CBD = 44°.

Using the congruence marks in the diagram, ZDBE = £/ EBF, so
mZDBE = mZEBF. Since mZEBF = 23°, m/DBE = 23°.

m/ZCBE =mZCBD + mZDBE Angle Addition Postulate
= 44° + 23° Substitute.
= 67° Add.

The measure of mZCBE is 67°.

Example B Application: Interpreting Statistics

Hint Louis runs a restaurant. He knows that he has about 900 customers a day.
The circle graph in the diagram shows what percentage of his customers
fall into the given age brackets. He wants to know exactly how many of

For more about
displaying data using

circle graphs, see the his customers are between ages 15 and 20. Use a protractor to measure the
ti'\‘:l';iig';gtkthe back of angle and find the number of Louis’s customers that fall into the 15-20 age
' bracket.
SOLUTION Customers by Age

Measure the angle of the sector that
represents 15-20-year-old customers.

The sector has an angle measure of 120°.
Since an entire circle is 360°, this is % = %
of the circle. One third of Louis’s customers

is (%) (900) = 300 customers.

Lesson Practice

" 211). Name three rays and three angles in the diagram. :J
. E) Classify ZABC and use a protractor to find o
%" the measure of it.

A B

c. Determine mZAEBif mZAED = 120°.

(Ex3)
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d. The measure of ZWXY = 32°. XY bisects Z WXZ. Y 7

% The measure of ZUXV = 35°. Find the measure ~ W U
of LYXU.
" ?). A survey shows that 10% of students in a class X v

did not eat lunch. What would be the degree
measure of an angle indicating these students on
a circle graph?

Practice Dpistributed and Integrated

Use the diagram to classify and find the measure of each angle. c
1. LAFC BN D
(3) A % E
2. LCFD F
(3)
3. LBFD
(3)
4. LAFD
(3)
53. Multiple Choice TJ bisects ZILK. What is the measure of ZGLJ? H /
A 27 B 117° J
C 54° D 153° L b
L

6. What is the measure of a straight angle?

3)

7. Find 4B.
)
A B
o+ttt
-8 -6 -4 -2 0 2 4 6
8. Which of the following triplets are equivalent?
Al : 29 100%, 7:7
A > 50%, 5:10 B 207 0, 7
C 32, 83.3%. 5:6 D All of the above
9. What is the fewest number of points that can determine a line?

(1)
10

(SB7)

11.
@)

Ua 12.

(3)

13.
@)

How many significant digits are there in 10,0017

Error Analysis Jackson said, “Congruent segments are the same as equal segments.”
Explain how he has misunderstood congruence and equality.

Algebra Ray BD bisects ZABC. If mZABD = (x*> + x + 12)° and
mZDBC = (x* + 3x + 4)°, find x and mZABC.

A homeowner wants to put up a fence around her square yard.
She has 8 posts, which must be equally spaced. If the perimeter of her yard is

16 meters, how far apart must the posts be?

Lesson 3 17



14.
@)

15.
@)

16.
@)

N1

18.

(SB4)

19.

(SB 18)

20.

(SB11)

21.

(SB13)

22

(SB22)

23

(SB17)

24

(SB16)

25

(SB22)

26

(SB7)

27

(SB 4;

28

(SB3)

29

(SB3)

30

(SB1)

18

Verify If MN = NH and NH = ES, then MN = ES. What property justifies this?

Points A4, B, and C are collinear. Point B is between points 4 and C. AB = 12,
AC =7Tx + 5and BC = 4x — 1. Find x.

Find the midpoint of the segment connecting points with coordinates —142 and
53 on a number line.

Write If four points are collinear, are they also coplanar? Explain.

The ratio of boys to girls at the camp is 14:17. If there are 186 children at the
camp altogether, how many are boys?

Algebra Factor: 10x* + x — 21

The mean of these six numbers is 20.38. What is the missing number?
25.14,17.22, ,23.04,20.21, 21.27

A surveyor measured a building lot. She recorded the corner points
of the lot as M(—80, 210), N(—80, —120), P(130, 210), and Q(130, —120). The
coordinates represent the distances, in feet, from the axes of a coordinate grid.
Calculate the area of the lot.

A farmer wishes to plant a field with flax. According to his budget, the
total cost of planting and harvesting cannot exceed $12,000. The planting and
harvesting costs are $0.015/square yard for flax. What is the maximum area the
farmer could plant with flax while keeping within the budget?

How does the graph of f(x) compare to the graph of f(x) + 3?
Solve the equation 1/6g = (j + y) for g.

A stone is dropped from a cliff into a river. The function A(r) = 82 — 4.9 gives
the height / of the stone in meters 7 seconds after it is dropped. What is the height
of the stone, to the nearest tenth of a meter, after 1.7 seconds?

Sirius, the brightest visible star in the sky, is about 8.6 light years
away from Earth. One light year is 9.46 x 10" kilometers. Find the distance
between Earth and Sirius in kilometers. Express your answer in scientific notation
with 3 significant figures.

The instructions on a juice concentrate container read “Five parts water,
1 part concentrate.” How much juice can you make if you have 500 mL
of concentrate?

To what sets of numbers does the number —8 belong?

Is the square root of any prime number a real number?

Liquid nitrogen is extremely cold. The freezing point for nitrogen
is approximately —346°F and the boiling point for nitrogen is approximately

—320°F. Use this data to find the range.
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Math Language

Constructionisa
method of creating a
figure that is considered
to be mathematically
precise.

Congruent Segments and Angles

l Construction Lab 1 (Use with Lesson 3)

You can use a compass and a straightedge to construct figures. In Lessons
2 and 3, you learned about congruent segments and angles. The first figure
you will construct using tools of geometry is a segment congruent to a given

segment.

@ Begin with a given segment. Label the
endpoints of the segment A and B. Set the
compass to have radius AB.

@ Draw point C not on the segment and
sweep an arc from that point using the
compass setting from step 1. Because
congruency does not depend on
orientation, any of the points on the arc
may serve as the other endpoint of the
second segment.

You can use the same tools you used to
construct a segment to construct
an angle congruent to a given angle.

@ To construct congruent angles, begin by
drawing an angle of any measure and label
it ZLTSP.

@) Draw GH. This ray will be one side of the
congruent angle.

@ Use a compass to draw an arc across
ZTSP centered at S. Be sure that the arc

— —
intersects both ST and SP.

Label the points of intersection A and B.

—

Given segment

J
K
L
C
M

Four congruent segments

L
S P

®
T

Lab 1 19




Math Reasoning

Verify Use a protractor
to verify that the given
angle and the angle
you constructed are
congruent.

20 Saxon Geometry

(5) Use the same compass setting to draw an
arc centered at G.

Label the point of intersection of this arc
—
and GH as C.

(7) Adjust the compass setting to the distance
between points A and B. Use this setting to
draw an arc centered at C which intersects

N
the first arc you drew on GH.

Label the point of intersection of the two
arcs as point D.

Draw GD.

ZDGH = /TSP

s B p
G C H
7&8
-
&
s B P
io—
G C H

s B p
,Dé,_
G C H

Lab Practice

Practice constructing congruent segments and angles in pairs. Sketch a
segment and an angle, then trade sketches with a partner. Next, using your
compass, construct a segment and angle congruent to the ones given.




Postulates and Theorems About Points,
Lines, and Planes

Warm Up

(lzJ Vocabulary The states that a = a for any value of a.

(23J Classify the angle at right. X

3;. Multiple Choice Which of the following is not a line
" on the plane ABC?
o
A AB
>
C BC

]

<>
B CD P
D GH

D

New Concepts

Hint

Unlike postulates,
theorems must

be proved to be
accepted as true. See
the Postulates and
Theorems section at the
back of this textbook
for a complete list of
theorems and their
proof locations.

=

ww.SaxonMathResources.col

Online Connection

)

The postulates below, all of which help define the properties of points, lines,
and planes, are essential to proving and understanding many of the most
important theorems of geometry.

Postulate 5

Through any two points there is exactly one line.

Postulate 5 simply states that, given a point 4, and a poin(t_)B, there is only
one line that can be drawn through both points. The line 4B is therefore
unique.

Theorem 4-1

If two lines intersect, then they intersect at exactly one point.

Postulate 5 can be used to prove the theorem above, which states that when
two lines intersect, they must intersect at only one point.

Example n Using Postulates and Theorems

Does this diagram show two distinct lines through
points A and B? Use Postulate 5 and Theorem 4-1
in your answer.

SOLUTION

Postulate 5 says that through any two points,
there can be only one line. In the diagram, two
“lines” pass through points 4 and B. However,
the curve in this diagram is not straight and therefore is not an example of
a line. Theorem 4-1 provides further evidence that the curve is not a line,
since we know that two lines must intersect at only one point, whereas the

line and the curve in this diagram intersect in two points.

Lesson 4 21



Postulate 6

Through any three noncollinear points there exists
exactly one plane.

Math Reasoning If three points are collinear, then there are an infinite number of planes that
Model For three points can be drawn through them.
to define a plane, they
must be noncollinear. Theorem 4-2
Draw three collinear
points. Then draw two If there is a line and a point not on the line, then
planes, both of which .
contain all three points. exactly one plane contains them.
Theorem 4-3
If two lines intersect, then there exists exactly one
plane that contains them. -|

Postulate 6, Theorem 4-2, and Theorem 4-3 give conditions for determining
exactly one plane. Any of the following are sufficient: three noncollinear
points, a line and a point not on the line, or two intersecting lines.

Example E Identifying Points and Lines in Planes

Name the following:

four points ®A

two lines ) 'C/’ D
two planes M '

SOLUTION N

Points A, B, C and D
AB and C(—D)

@ Planes M and N

22 Saxon Geometry



Math Reasoning

Generalize Is it
possible to name three
noncoplanar points in
the diagram? Is it ever
possible to name three
noncoplanar points? Is
it possible to name four
noncoplanar points in
the diagram?

Just as two lines intersect in exactly one point, two planes intersect in exactly

one line.

Postulate 7

If two planes intersect, then their
intersection is a line. lfgnes
M and N intersect at AB.

Example B Identifying Intersections of Lines and Planes

G

e

Identify the intersection of planes M and N.
SOLUTION

the diagram, only one of them lies in both plane M and plane N.
The intersection is GH.

Identify all points of intersection of lines on plane M.
SOLUTION

are points P, Q, and S.

Any two points in a plane are contained by a line on the same plane.

The intersection of two planes is a line. Though there are several lines in

Lines CD, FE, and 4B all intersect in plane M. The points of intersection

Postulate 8

plane.

If two points lie on a plane, then the line containing the points lies in the

Postulate 9 gives the minimum number of points needed to define exactly one

line, one plane, and space.

Postulate 9

points. Space contains at least 4 noncoplanar points.

A line contains at least 2 points. A plane contains at least 3 noncollinear

Lesson 4
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Example n Application: Carpentry

Often small tables have only three legs. They have the advantage of not
tipping if placed on an uneven surface. Use postulates given in this lesson
to describe why this is true and why a three-legged table will wobble less
than a four-legged table.

SOLUTION The legs of a three-legged table
make a single plane, as shown in Postulate 7. I
The legs are noncollinear points. Even if they r~ o 5
are uneven, the table will be stable. If the table
has four legs and one of the legs is higher than

the other three, the table will tip. Four points can be noncoplanar, so
the table can tip between them.

Lesson Practice

a. Can another plane be drawn that contains oA
(Ex1) . .

points A, B, and C? Justify your answer Be oC
using a postulate.

b. Identify a line in plane M. What is the
(Ex2, Ex3) . . > — i

intersection of CD and AB? What is the
intersection of planes M and N'? Are
points £ and F coplanar?

¢. Often camping supplies are made with three
(Ex legs. For example, chairs, stoves, and small tables often have three legs.
Explain why they might be made this way and use postulates to explain
your reasons.

Practice Dpistributedand Integrated

AHIG BILJF
CH LK DK J E

\ * (24; Write Describe the difference between collinear points and coplanar lines.

* 2; Find the theorem or postulate that justifies the following statement.

If two lines are on the same plane, they will only intersect at one point.
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Draw each of the following.

* 3; Two planes that intersect at a line.
* (54; Two lines that intersect on a plane at point O.

* 6. Is this statement always true, never true, or sometimes true?
“4)

If two lines intersect then they are both contained in a single plane.

Use the figure to answer problems 7-9.

A B C
——

® (735 Name two rays.
* 83 What is the measure of ZABC?

* (93) What name is given to this type of angle?

*10 The base of a crane at a construction site makes an angle of 30° with the ground.

" As it lifts its load to clear an obstruction, the base makes an additional angle of
13°. What is the base’s angle with the ground after lifting the load?

*1(13). If mZABC = 62° and DB bisects ZABC, what is the measure of ZABD?

\*1(225 Write Describe how to locate the quarter points of a line segment, AB.

*11} Algebra Find the expression to represent ACif AB=2x + 5, BC= 5x — 16 and 4,
B and C are collinear. B is between 4 and C.

SBlg Probability Handel flips a fair coin seven times and it comes up heads seven times.
P12 What is the probability his next flip will be heads? Why?

*152. There are three traffic lights on a street. If the second traffic light is
75 yards from the first, and all three traffic lights span 120 yards, how far is the
second traffic light from the third one?

* 1(615 Multiple Choice Which statement is true? Make a drawing to show why each other
statement is not always true.
A Any two lines are coplanar.
B Any two intersecting lines are coplanar.
C Any three intersecting lines are coplanar.
D Any two perpendicular lines are noncoplanar.

*1(7). How many points are between any two points on a line?
1

*1?). What word describes two coplanar lines that never meet?
1

2
19. What is the parent function of 15 -6,
(SB17) 2
20. Analyze Graph y = | x — 3|. Is it a function?
.. 4j — 12x°
) . A — .
(S32116) Algebra Solve for . — =/

Lesson 4



22. Algebra Solve for m. —4m + 2 < 26
(SB15)

*2(35; Determine AC.

A B c
DL 0 B B e .
-4 -2 0 2 4 6

. 321% Jaime measures the volume of a container to be 1.15 liters. If its actual volume is
(P11 25 liters, what was Jaime’s percent error?

(S%SQJ Convert 18 centimeters to inches. Round to the nearest tenth.
(8%69; How many inches equal one-half of a mile?
(5%77; Express 23,000,000 in scientific notation.
28. Evaluate 3°.
(SB6)
( 5%395) Round 34,016.45 to the nearest ten.

30. What property of arithmetic is shown by (a)(0) = 0 ?

(SB2)
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More Theorems About Lines and Planes

Warm Up (115 Vocabulary Lines that lie in the same plane are

(24J What geometric figure is formed when two planes intersect?

3;. Multiple Choice Which of these is not an undefined term?
A line B plane
C point D perpendicular

25 How many points are needed to define a line?

(545 How many noncollinear points are needed to define a plane?

New Conce ptS Lines and planes are classified by whether or not they intersect and how
they intersect. When lines intersect to form a right angle, they are called
perpendicular lines. The symbol to show that two lines are perpendicular is | .
In the diagram, AE and EH are perpendicular, or simply: AE 1 EH.

B C
A D
F
G
E H
Math Language Coplanar lines that do not intersect are called parallel lines. The symbol to
show that two figures are parallel is ||. In the diagram, 4B || DC. Planes that
Planes, segments, . . .
and rays can also be do not intersect are parallel planes. In the diagram, the plane ABCis parallel
perpendicular to one to the p]ane EFG.
another if they intersect
at 90° angles. To indicate that lines are perpendicular on a diagram, it is w X
only necessary to indicate that two segments intersect at a -
right angle, as WX and WZ do in the diagram of the square
WXYZ. To indicate that lines are parallel in a diagram, g y

arrowheads are drawn on them. In the diagram, the
corresponding arrowheads indicate that WX || ZY and WZ || XY.

If lines are not in the same plane and do not intersect, they are skew lines.
In the cube shown above, the lines that contain DH and EF are skew.

Theorem 5-1 can be used to identify parallel lines.

Theorem 5-1

ww.SaxonMathResources.col Intersection are parallel.

@ online Connection ] If two parallel planes are cut by a third plane, then the lines of
W' m
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Example n Identifying Parallel Lines

In the figure, planes 8 and T are parallel. B F
Identify two pairs of parallel lines.

SOLUTION A I E ‘V .
Since planes 8 and T are parallel, their C / K/
intersections with any plane that crosses
them form a pair of parallel lines.

> e d S d
Therefore, AB || CD and EF' || GH.

Theorems 5-2 and 5-3 can be used to determine if coplanar lines are parallel
or perpendicular to each other.

Theorem 5-2

If two lines in a plane are perpendicular to the same line, then they are
parallel to each other.

Theorem 5-3

In a plane, if a line is perpendicular to one of two parallel lines, then it
is perpendicular to the other one.

In the diagram, for example, if p || g and r L ¢, then ris r
also perpendicular to p by Theorem 5-3.

Lines are considered perpendicular when their
intersection creates a single right angle, but all

Formulate Recall that . . .

a circle is 360°. How perpendicular lines actually create four right angles.

could you use this Theorems 5-4, 5-5, and 5-6 describe the angles formed

information to show that by perpendicular lines
four congruent adjacent )

angles must all be right
angles? Theorem 5-4

Math Reasoning

If two lines are perpendicular, then they form congruent adjacent
angles.

Theorem 5-5

If two lines form congruent adjacent angles, then they are
perpendicular.

Theorem 5-6

All right angles are congruent.
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Hint

The distance between
two parallel lines is the
same at every point.

Example E Classifying Pairs of Lines

“—> —> > «—> «—> «—>
In the figure, AB || DC, KL 1 DC, and PQ 1 DC.

What is the relationship between KL and AB?

SOLUTION
. > S d —
Since AB and DC are parallel, and KL
— K «— “—
and DC are perpendicular, KL and AB are
perpendicular by Theorem 5-3.

What is the relationship between KL and PQ?

SOLUTION

. > — ) > —
Since both KL and PQ are perpendicular to DC, KL and PQ are parallel to
each other by Theorem 5-2.

What is the measure of Z1? What is the measure of £2?

SOLUMN R
Since KL 1 DC, they form pairs of congruent adjacent angles. Therefore,
Z1 and £2 are congruent, and Z1 is congruent to £3, which is known to

be 90°. By the definition of congruency, Z1 and Z2 must also measure 90°.

For any given line, there are an infinite number of other lines that are parallel
to it. However, there is only one line that is parallel to another through a
given point, as stated in the Parallel Postulate.

Postulate 10: The Parallel Postulate

Through a point not on a line, there exists exactly one line through the
point that is parallel to the line.

Example B Using the Parallel Postulate

Draw as manygles as possible that are parallel to D(_l:?, through a point K
that is not on DE.

SOLUTION
The Parallel Postulate indicates that there is only K
one line that can be drawn through a point not b - E

on a line that is parallel to the given line.

One final property of parallel lines is the Transitive Property.

Theorem 5-7: Transitive Property of Parallel Lines

If two lines are parallel to the same line, then they are parallel to one
other.
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Math Reasoning Example ﬂ Application: Power Lines

Model What Felix is repairing power lines and he needs S <
measurements should to ensure that the power lines are parallel. power lines ®
Felix take to be sure [

that the phone line
and the power line are determined that the upper power line and

After taking some measurements, he

approximately parallel? . phone lines
the phone line are parallel and the lower
power line and the phone line are parallel.
Does Felix have enough information to
ground

30

conclude that the upper and lower power
lines are parallel?

SOLUTION

Yes. The Transitive Property of Parallel Lines can be applied. Since each
power line is parallel to the phone line, the power lines are parallel to each
other.

Lesson Practice

a. If the horizontal planes are parallel, identify
(Ex 1) .
the lines that are parallel.
. . <=2 > >
b. In this figure, CD || GH, and CD 1 4B. What

(Ex2) . . . >
is the relationship between 4B and GH?

> <« —> R .
iy If RS 1 XY and VWJ(__%’Y, w<h;at)1s the R ex S
(B2 relationship between RS and VI/? 7T P U
. (21 What is the relationship among tl(li)angles at v w
(£ the points of intersection of RS, TU, and VW H
PP =S oY
with XY?

e. If line XY goes through point M, and XY I (<7—)D,
4 >

¥ how do you know that JK is not parallel to CD?
K
X M
Y
J
¢ D

. 4f Carlotta is assembling the floorboards for her deck. How can she be
’ sure that all of the boards are parallel to one another?

Saxon Geometry



Practice Dpistributed and Integrated

1.
(1)

* 2.

Draw a diagram showing three planes that intersect at a common line.

Error Analysis Damon states that at least four collinear points are needed to

4)
“ determine a plane. Is Damon correct? Explain.

\ 3

4

5.
(3)
* 6.
()

Write Why is a plane not defined by the three given points? .o

Predict The Pythagorean Theorem, a® + b* = ¢, relates the lengths W
) of the legs of right triangle, @ and b, to the length of the hypotenuse, A
¢. There are cases where all three numbers are positive integers.

One example is 3% + 4> = 5% Find one other example. Are there

an infinite number of positive integers that satisfy the Pythagorean
Theorem?

What is the measure of the angle between two opposite rays?

Justify Can two lines be drawn from a point not on a line that will meet the line at a
right angle? at a 45° angle? Explain each answer.

7. There are 100 centimeters in 1 meter. How many square centimeters are there in

(SB9)

(SB1)

*9,
()

10.
@)

11.

(SB13)

*12.
(4)

13.

(SB17)

(SB13)

15.
(4)

8. Algebra Simplify

4. Multiple Choice Which point has the coordinates (3, —3) on the graph shown? Ay

1 square meter? Explain how you found your answer.
2(2+4)
6

Consider 4B in this figure. Name a segment that is skew, one that is parallel,
and one that is perpendicular to AB.

—|-2].

Which property is used to state, “If 5 = x, then x = 57?

Plot the points 4 (0, 0), B(4, 0), C(4, 4) and D (0, 4) on a coordinate grid.
Describe the shape that results when the points are connected in alphabetical order.

(Air Traffic Controller ) An air traffic controller requested that a pilot taxi on the
runway from point 4 to point B by traveling in a straight line. How many different
options does the pilot have to get from point A4 to point B? How do you know?

For the function f(x) = 3x> — 2x + 5, find /(1), {—2) and fla).

BY
D Z * 2r

AW
CX

Photography ) It is very important that a camera be held as still as possible

when using certain photographic techniques. Explain why professional
photographers use tripods to hold their cameras steady instead of a stand
with four or more legs. Name a postulate or theorem in your explanation. A\
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*16.
)

17.
(SB4)

18.
(1)

19.

(SB16)

20.

(SB12)

21.
@)

22,

(SB4)

N2

24

(SB13)

25.
(3)

26.

(SB 16)

*27.
()

28.
(3)

29

(SB22)

*30.
(5)

32

If XV is parallel tom what is the relationship between XY and UT? $u

Food Preparation ) The instructions on a container of juice concentrate read,

“Seven parts water per 1 part juice concentrate.” How much juice can this L M
container make if it holds 250 milliliters of juice concentrate?

Are the points (1, 1), (5, 5), and (7, —4) collinear or coplanar? Explain.
Transform this formula to solve for b: a® + b° + ¢* = &°.

What is the probability, as a fraction, of rolling an even number on a six-sided
number cube?

Justify How can you use a ruler to determine if a point M is the midpoint of a
segment AB?

In some places, it is customary to give a tip of 15% at restaurants. Does
it make a difference whether the 15% is paid on the bill before taxes are added or
after taxes are added? Explain.

Write How many lines connect points 4 and B? Explain.

Generalize What are the properties of all ordered pairs in Quadrant II of the
coordinate plane?

Are angles 4 and B in the triangles shown congruent? Explain.

30°  80° 75° 35°

Algebra Transform the formula for the area of a triangle to solve for the height, /.

In most rooms, the floor is perpendicular to the wall and the wall is perpendicular
to the ceiling. What can you say about the relationship between the floor and
ceiling of most rooms if those two statements are true?

Generalize Give an example of two acute angles whose measures could be added
together to form another acute angle. Give an example of two acute angles whose
measures could be added together to form an obtuse angle.

Musical notes can be identified by their frequencies. The frequency
doubles when going up an octave. Middle C is denoted as C, and has a
frequency of 261.63 hertz. What is the frequency of the note Cs, which is
one octave above C,?

Does the diagram at right show AB perpendicular to DE? Explain.

h<—:|—>x
M -]
\U
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Perpendicular Line through a Point on a Line

l Construction Lab 2 (Use with Lesson 5)

In Lesson 5, you learned about perpendicular lines. This construction lab shows
you how to construct a perpendicular line through a given point on a line.

<«—>
(1) DrawLM and choose
point P on the line as the

point at which to construct a

perpendicular line. L EA ) B M
P

@ Sweep two arcs centered at
P through [M. Label the two

points of intersection with LM
as A and B, respectively.

@ Sweep two arcs, one
centered at A and one
centered at B. Be sure to
choose a radius large enough
so that the arcs intersect.
Label one point of intersection
of these two arcs T.

Draw (775

Line TP is perpendicular to[M
atP.

Instead of sweeping
arcs to find points A and
B, you can construct a
whole circle centered on
point P. See the diagram
atright.

Lab Practice

a. Draw AB that is 3 inches long. Construct a segment perpendicular to 4B
through point P such that AP is 1.75 inches.

b. Draw MN that is 6 inches long. Construct a segment perpendicular to MN
through point P such that NP is 2 inches.
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Identifying Pairs of Angles

lWarm Up

1. Vocabulary Two angles that have the same measure are

3 .
¥ said to be

2. Solve the equation x + 135 = 180.
(SB15)

3. Match each term below with the correct definition.

(1) .
e collinear

* space
* coplanar
* intersection

4. Identify one acute angle and one obtuse angle

" in the diagram.

A the point or set of points common to different figures
B on the same line

C the set of all points

D in the same plane

New conce ptS A pair of angles can sometimes be classified by their combined measure.
These pairs are known as complementary and supplementary angles.

Math Language

The sum of an angle and
its complement is 90°.
The sum of an angle and
its supplement is 180°.

Online Connection
www.SaxonMathResources.co

)
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Complementary Angles

Supplementary Angles

Two angles are complementary
angles if the sum of their measures
is 90°.

mZABC + mZCBD = 90°, so

ZABC is complementary to
ZCBD.

Two angles are supplementary
angles if the sum of their measures
is 180°.

mZPQOR+ mZRQS = 180°, so
ZPQR is supplementary to ZRQOS.

R
150%:/
P Q S

mZKLN = 90°.
SOLUTION

and mZKLM + mZMLN = 90°.

ZKIM.

From the diagram, mZJLK + mZKLM = 90°

Example n Finding Complements and Supplements
Find the angles complementary to ZKLM if

So ZJLK and ZMLN are complementary to



Hint

Notice that m£ZDBC
is equal to the sum of
the measures of three
angles: mZDBF +
mZFBE + mZEBC.

Find the angles supplementary to ZDGF. D

SOLUTION E G
From the diagram, mZEGD + mZDGF = 180° F
and mZDGF + mZFGC = 180°. c

So, ZEGD and ZFGC are supplementary to ZDGF.

Theorem 6-1: Congruent Complements Theorem

If two angles are complementary to the same angle or to congruent
angles, then they are congruent.

Theorem 6-2: Congruent Supplements Theorem

If two angles are supplementary to the same angle or to congruent
angles, then they are congruent.

According to Theorem 6-1, if Z1 is complementary to Z2 and £3 is also
complementary to £2, then £1 = /3. Likewise, according to Theorem 6-2,
if Z1 is supplementary to £2 and Z3 is also supplementary to Z2, then

L1 = /3.

Example E Solving with Complements and Supplements

Find the measures of the angles labeled x and y.

SOLUTION
To find x, notice that ZDBF and ZFBE are complementary.
mZDBF+ m/ZFBE = 90° Definition of complementary angles
55°+ x=90° Substitute.
55° 4+ x— 55° =90°— 55° Substract 55° from each side.
x=35° Simplify.

To find y, notice that ZABD and ZDBC are supplementary.

mZABD + m£DBC = 180° Definition of supplementary angles
¥+ 55°+ 35° 4+ 40° = 180° Substitute.
v+ 130° =180° Simplify.
y+ 130° — 130° = 180° — 130° Subtract 130° from each side.
y =50° Simplify.

Complementary angles and supplementary angles are related to each other
by their angle measures. Angles are also related to each other by their
positions relative to each other in the same plane.

Lesson 6
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Two angles in the same plane that share a vertex T L
and a side, but share no interior points are adjacent \/
angles. In the diagram, ZTSL is adjacent to ZLSM, . o

and ZRST is adjacent to ZTSL. R S M

Adjacent angles whose non-common sides are opposite rays are a linear pair.
In the diagram, ZRST and ZTSM are a linear pair. Recall that the measure
of a straight line is 180°. Since a linear pair composes a straight line, linear
pairs are supplementary.

Theorem 6-3: Linear Pair Theorem

If two angles form a linear pair, then they are supplementary.

Example B Identifying Angle Pairs

Identify two sets of adjacent angles and one c D
linear pair.

SOLUTION

There are many adjacent angles in the diagram.
Two possible sets are ZAFB and £ZBFC, and ZAFC
and ZCFE.

There are also several linear pairs shown. One is ZAFD and ZDFE.

Math Reasoning

Generalize Are the Nonadjacent angles formed by two intersecting lines are vertical angles.
statements below true . .
or false? Vertical angles share the same vertex and have no common sides.

a. Iftwo angles are not .
adjacent, then they are Theorem 6-4: Vertical Angle Theorem

tical angles. ;
verticatangres If two angles are vertical angles, then they are congruent.

b. Iftwo angles form a

linear pair, then they

are adjacent angles. . . .
Example n Solving with Vertical Angles

Determine the values of x and y.

SOLUTION
Since Z1 and Z2 are vertical angles, they are
congruent. The same is true of Z3 and Z4. (x + 30)°
Therefore, mZ1 = mZ2 and mZ3 = mZ4.
mZl =mZ2 m/Z3 =mJz4
2x —5=x+30 y+17=2y — 81
2x—=5+5=x+30+5 y+17—17=2y—-81—17
2x=x+35 y=2y—98
2x —x=x+35—-x y—2y=2y—-98 -2y
x =235 —y=-98
-y -98
-1 -1
y =98
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Math Reasoning

Formulate How could
you have solved this
problem by looking at
a linear pair of angles
instead of a vertical pair
of angles?

Example E Application: Bridge Supports

The diagram shows the part of a bridge where it contacts a vertical cliff,

so that the bridge and the cliff are perpendicular. The angle between

the surface of the road and the line extended from the bridge’s support
measures 50°. It is important that the bridge’s support be set at the correct
angle to hold the weight of the bridge. What is the angle x that the support
makes with the cliff?

.
.
‘s
50° 7.

SOLUTION
The angle that measures 50° and the angle labeled y are vertical angles.
The angles labeled x and y are complementary angles.

x4y =90°
X + 50° = 90°

X + 50° — 50° = 90° — 50°
x = 40°

The angle between the support and the cliff measures 40°.

Lesson Practice

Refer to the diagram to find the complementary and supplementary angles.

" 211). Which angle is complementary to ZPKM? p

b. Which angle is supplementary to ZJKL? L M

(Ex1)

c. Find the value of x. J K N
(Ex2) E

(3x +10°_/ (2x + 5°

B C D

. (31 Identify three pairs of adjacent angles and
9 two linear pairs.

e. Determine the value of x.
(Ex4)

6x — 13)°

C
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f. A rectangular roof is made of four triangular sections and is
(Ex5) . .
supported at its peak by a diamond-shaped support and four wooden
beams, as shown in the diagram. What is the value of x? What are the
angle measures of Z1 and £2, respectively?

Support Beams
2

1

v
.

Practice Dpistributed and Integrated

* (%5 An angle measuring 32° has a complement that measures (2x — 16)°. What is the

*

(SB

*

2.
(6)

14)

9.
(6)

10

(SB12)

11

(1)

12

1

38

2)

3.
(3)

value of x?

An angle measures 51°. What is the measure of its supplementary angle?

3. Algebra Compute |3 x 2 — 8| x 2.

Four noncoplanar points define space, but could they be used to form two
intersecting planes? Explain why or why not.

Find the value of x in the diagram at right. (5x — 30)°

D
Write Stanley says, “If a point is not on a line, then the line and the point
exist on exactly one plane.” If the point is on the line, how would his
statement need to be changed?

On a grid of their community, Silvio lives at the point (7, 3) and
his friend Andy lives at the point (—11, 3). If they decide to meet halfway
between their houses, at what point on the grid will they meet?

(Bx + 22)°

8. Evaluate the expression 3xy + 5x + 2y forx =2and y = —1.

What angle is equal to its complementary angle?

What is the probability, expressed as a percentage, of choosing a red marble if a
bag of marbles contains 20 red, 15 green, 25 orange, and 40 blue marbles?

Error Analysis A student says that two points define a line, three points define a
plane, and four points define space. Are the student’s definitions correct? Explain.

Find the midpoint of the values 4 and 8§ on the x-axis and the midpoint of the
values 1 and 7 on the y-axis.

If D is in the interior of ZABC, which measures 74°, and mZABD = 32°, what is
mZDBC?
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14.
(SB12)

*15.
()

N,

*17.

(SB14)

18.
(3)

19.

(SBS)

20.
(3)

21.
2

*22.
()

23.

(SB4)

In 2007, the World Rock-Paper-Scissors Championship was held in
Toronto, Ontario, Canada. What is the probability that any two competitors will
both have the same combination in a game of rock-paper-scissors, expressed as a
fraction?

Simone has been given the challenge of drawing two coplanar lines that are
perpendicular to the same line, but the lines must not be parallel to each other.
Will she succeed? Explain why or why not.

Write Two planes are parallel to each other and are both intersected by a third
plane. Describe the property of each intersection and how these intersections
are related.

Evaluate the expression —x” + 3xy — %for x=4andy=2.
Multiple Choice Which is not a correct way to name the angle in the diagram? A
A /1 B 4B
C ZLABC D zZ4 1
B
Write Give an example that requires estimation.

Handicap Access ) Use a protractor to determine the angle

measure of the wheelchair ramp shown in the diagram.

Use the Ruler Postulate to find the distance between
the values —7 and 11 on a number line.

«—> <«—> «— .
Analyze If 4B and CD are both parallel to EF, what conclusion /

can be made regarding the relationship between 4B and CD?

-

Find 20% of 654.

24. Justify Does subtraction exhibit the property of closure over the set of real

(SB2)

*25.
(6)

26.
4)

*27.
()

28.

(SB22)

*29.
(6)

30.

(SB17)

numbers? s subtraction commutative? If not, give an example to demonstrate.

Landscaping ) A tree is secured with a support wire that makes a 40° angle with the
ground. The angle between the tree and the wire is complementary to the angle

between the wire and the ground. What is the measure of the angle between the
tree and the wire?

“—> > .
If AB and CD intersect at point K, how many planes are needed to contain the two
lines?

List all of the lines that are parallel to CD in the diagram at right.

[Comparison Shopping] A price tag reads $1.59/kg for apples, and $0.82/1b
for oranges. Which fruit is cheaper by weight? Show your steps.

If m/DEF = (3x + 5)° and mZKLM = (x + 31)°, and both angles are
complementary to ZPQR, what are the measures of the angles?

Algebra Evaluate the function f{x) = for x = %

5
X+ 2
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Perpendicular Bisectors and Angle Bisectors

l Construction Lab 3 (Use with Lesson 6)

A perpendicular bisector is a line, segment, or ray that intersects a segment
at its midpoint, forming 90° angles. Another way to define a perpendicular
bisector is as a locus of points that are equidistant from the endpoints of
a segment.

Math Language

Alocus is a set of points
that satisfies a list of
given conditions.

(1) To construct a perpendicular bisector of a
segment, begin with a segment, AB.

@ Set your compass to a setting wider than
half the length of the segment and place
one end on A.

(3) Use your compass to draw an arc through
the segment. Be sure to draw the arc both above and below the segment.

Repeat this process with the same compass setting, starting at point B.

(5) Label the points where the two arcs
intersect as points X and Y.
Draw the line through points X and Y. Line
XY is the perpendicular bisector of AB.

There are two important theorems about

perpendicular bisectors that you will use
throughout this program.

Theorem 6-5

If a point lies on the perpendicular bisector of a segment, then the
point is equidistant from the endpoints of the segment.

Theorem 6-6

If a point is equidistant from the endpoints of a segment, then the
point lies on the perpendicular bisector of the segment.

An angle bisector is a line, segment, or ray that divides an angle into two
congruent adjacent angles.

(1) To construct the bisector of an angle,

begin with an angle, ZQRS. Q

@ Using a compass, draw an arc centered
at R that intersects both sides of the angle.
Label these points of intersection J and K.

Saxon Geometry



Math Reasoning

Connect Try using this
process to bisect a 180°
angle. What do you
notice?

(3) Using the same compass setting, draw an
arc centered at J as shown.

Repeat this process with the same
compass setting to draw an arc centered at
K. Label the intersection of the two arcs M.

Draw RM, the angle bisector ®
of ZQRS.

There are also two important theorems about angle bisectors that you will
use throughout this program.

Theorem 6-7

If a point lies on the bisector of an angle, then the point is equidistant
from the sides of the angle.

Theorem 6-8

If a point is equidistant from the sides of an angle, then the point lies
on the bisector of the angle.

Lab Practice

a. Use a ruler to draw a 4 inch segment, then use construction techniques to
draw a perpendicular bisector.

b. Use a straightedge to draw a segment of any length, then use construction
techniques to bisect it. Use a ruler to verify that your bisector divides the
segment into two congruent parts.

¢. Use a protractor to draw a 108° angle, then use construction techniques to
bisect it.

d. Use a straightedge to draw an angle of any measure, then use construction
techniques to bisect it. Use a protractor to verify that your bisector divides
the angle into two congruent angles.

Lab 3 a4



(%). Vocabulary A statement that has been proved true is a

2. Which statement about postulates and/or theorems is false?
4) .

A A postulate is a proven statement.

B A postulate is assumed to be true.

C A theorem is a proven statement.

D Both B and C are false.

3. Which statement is true?

7 A If two lines are perpendicular, they make a 90° angle.
B If two lines are parallel, they make a 90° angle.
C Both A and B are correct.
D Neither A nor B is correct.

New conce ptS Inductive reasoning is the process of reasoning that a rule or statement is true

Math Reasoning

Analyze Tad saw a
brown bear and made
the conjecture, “All bears
are brown!” Did Tad use
inductive reasoning
appropriately? Explain.

Online Connection
www.SaxonMathResources.col

B
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because several specific cases are true. Inductive reasoning can be used to
formulate a conjecture about something. A conjecture is a statement that is
believed to be true. If a conjecture can be proven, it becomes a theorem.

Example n Formulating a Conjecture

Look at the progression of the pattern and
formulate a conjecture regarding the

number of blocks there will be in the fifth
arrangement of this series. @

SOLUTION 1 2ne 3

Each successive step of the series adds a row of blocks to the bottom of
the figure that is one block longer than the previous row of blocks. For
example, the second arrangement has a bottom row that is 2 blocks long,
so to make the third one, a row of 3 blocks is added to the bottom.

To continue, the fourth step would have a row of 4 blocks added for a total
of 10, and the fifth would have 5 more blocks added for a total of 15. The
statement, “There will be 15 blocks in the fifth step of this pattern,” is a

conjecture.

Instead of formulating a conjecture by looking at data, it may be necessary
to test a conjecture using given data. If even one example can be found that
does not support the conjecture, then the conjecture must be incorrect. An
example that does not support the conjecture is called a counterexample. You
will learn more about counterexamples in Lessons 10 and 14.



Caution

Testing a conjecture is
not the same as proving
it. Testing a conjecture
can disprove it, or it

can prove it for certain
values, but it cannot
prove the conjecture for
all possible values.

Example E Testing a Conjecture

Michelle made the conjecture, “The expressions 6n + 1 and 6n — 1 will
always result in two prime numbers.” Show that this conjecture is true
forn =1, 2, and 3, but not true for n = 4.

SOLUTION

Forn=1:6(1) + 1 = 7and 6(1) — 1 = 5; both are prime.
Forn=2:6(2) + 1 =13 and 6(2) — 1 = 11; both are prime.
Forn=3:6(3) + 1 =19 and 6(3) — 1 = 17; both are prime.
But for n = 4: 6(4) + 1 = 25 and 6(4) — 1 = 23; 25 is not prime.

Since we have found one case in which the conjecture is incorrect, we can
conclude that the conjecture is false.

Maria looks at the diagram below and conjectures that the number
of triangles in the figure is given by the expression 2n + 1. Is this
conjecture true for the four steps of the pattern shown below?

A A
VANRANERVANRIAN
A N AN AN AN A
AAN AAA AAA AAA
n=1 n=2 n=3 n=4
SOLUTION
Yes, the conjecture is true for all 4 steps.

Forn=1,2(1)+1=3
Forn=2,22)+1=5
Forn=3,23)+1=7

Forn=4,2(4) +1=9

Even though conjectures are not proven, scientists often use conjectures to
describe real-world phenomena. These conjectures are carefully studied and
tested, but it is often difficult to prove them formally.

Example B Application: Research

A researcher studying crows for several years made the observation

that every crow she studied was black. Her research assistant made this
conjecture: “All crows are black.” How can this conjecture be tested? Can
it be proved?

SOLUTION

The conjecture can be tested by observing as many crows as possible. If
even one crow is found that is not black, then the conjecture is disproved.
The only way to prove this conjecture is to observe every crow. If every
crow can be studied, and they are all black, then the conjecture is true.
However, it is impossible to study every crow that exists, so the conjecture

cannot be proved.
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Lesson Practice

LA Formulate a conjecture about how the next step in this pattern would
Y be found: 1,1,2,3,5,8, 13,21, 34,55, ..

. 5) Test the conjecture that every even integer 4 through 14, can be written
2" as the sum of two prime numbers.

. c) How might you disprove the conjecture below?
Ex3

Apples, pears, lemons, and peaches all grow on trees, therefore all fruits
grow on trees.

Practice Dpistributed and Integrated

1. Justify In the following description, are rational and irrational numbers
(SB3) . .
defined adequately? Explain.

Rational numbers are defined to be all terminating or repeating decimals, and
irrational numbers are defined to be all nonterminating, nonrepeating decimals.

* 2. Analyze Leilani suggests that if the midpoint of a segment connecting 6 and 8§ on
the x-axis is 7, and the midpoint of a segment connecting 2 and 10 on the y-axis is
6, then the midpoint of a segment connecting the points (6, 2) and (8, 10) must be
(7, 6). Is this a valid conclusion? Explain.

% What is the value of x in the diagram? A

@)° / (29°
A B C

* 4§ Model Draw an example of skew lines using a geometric figure. Clearly show the
" skew lines.

* 57 Generalize Formulate a conjecture about how the next step in this pattern would be
" found: 4, 16, 36, 64, 100, 144, ..

(645 Air Traffic Control ) Two airplanes have the same latitudinal and longitudinal

coordinates, but the air traffic controller is not concerned. Why would she not be
concerned?

\ 7. Write A number is rounded to 9000. Is it possible to tell exactly how many
(SB7) . . . . .
significant figures the number had before rounding? Explain.

(865 Find the value of x in the diagram.

40°(30¢,

(X) 3°

94. Justify What is the fewest number of points that can define a plane? Use a
postulate or theorem to justify your answer.
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*10 Justify When Raul studied objects that were released from a position of rest, all
7" of the objects fell to the ground. He conjectured that any object released from
a position of rest will immediately fall to the ground. Find an example that
disproves Raul’s conjecture.

*1(175 Is the following conjecture true for x = 5, x = 10, and x = 15?

For any x, the sum of the whole numbers 1 through X is equal to éx( x+1).

SBII% (Summer Employment ) Devondra estimated that she would make $4000 this summer
(P17 at her part-time job. She actually made $3450. What was her percent error, to the
nearest percentage?

\ 12) Write Explain what is meant when a term in mathematics is said to be undefined.

48 14. Algebra Find the value of x in the equation -5 _x+10
(SB15) 3 4

(SBIZSZJ A rectangular ﬁel.d thz.r[ is 119 square yards in area is to be coYered
with sod. It is known that the field is 3 yards longer than twice the width. Find the
dimensions of the field.

(33163). Marcella lives at ‘(4, 22) on a city grid, and Arnault lives at (—'3, —4) on

the same grid. One grid line represents one mile. If Arnault’s mom drives him to
Marcella’s house by driving on a road that is parallel to the x-axis, then turns and
drives along a road that is parallel to the y-axis, how many miles does Arnault’s
mom drive?

\*177. Write Can a conjecture be proved or disproved by studying examples or cases of
" the conjecture? Explain.

Xy 1(83) Algebra Ray BD is the angle bisector of ZABC. What is the value of x?

*1(94; Sketch an example of two lines that are coplanar.

(S%(% How many significant figures does the number 0.0100 have?

*21. Draw a line parallel to and a line perpendicular to 4B from each of the K

v points K and L. Discuss the relationship between these drawn lines.

>0

*227. What type of reasoning is used in the statement below? Provide a
" counterexample to the conjecture if possible.

Every car I have ever owned ran on gas, therefore all cars run on gas.
23. Multi-Step The formula for converting kilometers to miles is m = 1.609k, where m is
(SB 16) . . . . .
miles and £ is kilometers. Transform this formula to find a formula for converting

miles to kilometers. Use this formula to determine the number of kilometers in
539 miles and in 7380 miles, rounded to the nearest kilometer.

225 Justify Can two acute adjacent angles form a linear pair? Explain why or why not.

o J
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25.
(SB16)

26.
)

27.

The conversion for temperature from degrees Celsius to degrees
Fahrenheit is given by the formula F = 2C + 32. Transform this formula to find

a formula to convert degrees Fahrenheit to degrees Celsius.

Multiple Choice Which statement is true?

A Two distinct coplanar lines can intersect at two points.

B Two distinct coplanar lines can intersect at one point or never intersect if they
are parallel.

C Two distinct coplanar lines can intersect at one point or intersect everywhere.

D Two distinct coplanar lines intersect at every point if they are parallel.

The sum of the measures of three congruent angles is 180°. What would be the

” complementary angle to each of the angles?

*28.

Justify Is it possible for three planes to intersect at a point? Explain why or why

Y not, and if it is possible, sketch an example showing how.

29.
)

30.

3)

46

If Bis the midpoint of AC, find the value of x. JX—2 x+11
A B c
The measure of ZXYZis 110°. What would the resulting angles’ measures be if

the angle bisector to ZXYZ were drawn?

Saxon Geometry



Using Formulas in Geometry

Warm Up

1. Vocabulary lines are coplanar lines that do not intersect.
(5) .
(parallel, perpendicular, skew)

2. If the length of ACis 12, and AC is bisected at point B, what are the
“ lengths of AB and BC?

3. Multiple Choice Which of the following is not a theorem?
7 A Right Angle Congruence B Congruent Complements
Theorem Theorem
C Congruent Supplements Theorem D Reflexive Property of Equality

Math Reasoning

Write List some other
formulas used in other
math classes, such as
in algebra. How might
these formulas be
helpful in geometry?

New Concepts

Online Connection
www.SaxonMathResources.co!

.

A formula is a mathematical relationship expressed with symbols. Some
formulas have already been encountered in algebra.

A familiar formula is the formula for perimeter. The perimeter is the sum
of the side lengths of a closed geometric figure. It is often thought of as the
distance around a figure.

There is a special formula to find the perimeter of a ¢
rectangle, where P is the perimeter, £ is the length of the
rectangular base, and w is the width, or height, of the
rectangle.

P=20+2w

Example n Finding Perimeter of a Figure

Find the perimeter of the triangle.

8in
SOLUTION Add the lengths of the sides together. gin.
The perimeter of the triangle is 24 inches.
Find the perimeter of the rectangle. 12in.
SOLUTION Use the formula for the perimeter of 8in.
a rectangle.
P=2042w Perimeter formula
P =2(12) + 2(8) Substitute.
P =401n. Simplify.

If a regular pentagon has a side length of 8 inches, what is
its perimeter?

SOLUTION There are five sides in a pentagon and each side of a
regular pentagon has the same measure. Therefore, the perimeter is

5 x 8 = 40 inches.
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Math Reasoning

Formulate Draw a
diagonal from one
corner of a rectangle to
the other. What shapes
does the diagonal
create? Explain how this
relates to the formula for
area of a triangle.

48 Saxon Geometry

The area of a figure is the size of the region bounded
by the figure.

The area of a rectangle is found by the following formula,
where £ is the length of the figure’s base and w is the

length of the figure’s height: ¢
A=2Lw

The area of a triangle is found by the following formula: .
_1 ; ~
A= 3 bh

The area of a figure is always expressed in square units.

Example E Using the Area Formula for a Rectangle
Find the area of the rectangle. |:| 3om

b

SOLUTION 14 cm
A=20w Area formula
A=(14)(3) Substitute.
A=42cm’ Simplify.
Find the length of the rectangle.
SOLUTION A=108in?|9in.
A=1Lw Area formula n
108 = £(9) Substitute.
12in. = ¢ Divide both sides by 9.

Theorem 8-1: Pythagorean Theorem

The sum of the square of the lengths of the legs, .
a and b, of a a right triangle is equal to the square a
of the length of the hypotenuse ¢ and is written

2

b
a*+ b* =2

Example B Using the Pythagorean Theorem

Find the length of the hypotenuse.

12 cm
5cm
SOLUTION
a>+b*=¢? Pythagorean Theorem
127+ 5% = ¢? Substitute.

144 + 25 = ¢* Simplify.

V169 =/ ¢? Square root of both sides

13cm=c¢ Simplify.



Caution

The Pythagorean
Theorem only applies to
right triangles.

Aright angle is denoted
with a small square in
the corner that has a
measure of 90°.

Find the area of the triangle.

5 ft
3 ft
b
SOLUTION
Use the Pythagorean Theorem to find the length of 5.
a+ b= Pythagorean Theorem
324 b2 =57 Substitute.
9+ b*=25 Simplify.
9+bH*—9=25-9 Subtract 9 from both sides.
b* =16 Simplify.
\Vb* =1/16 Square root of both sides
b=4ft Simplify.
Then calculate the area of the triangle.
A= % bh Formula for area of a triangle
A= % 4)(3) Substitute.
A =6 ft Simplify.

Example ﬂ Application: Measuring Temperature

Different countries use different units to measure the temperature.
Much of the world uses degrees Celsius, but a few countries use degrees
Fahrenheit. For scientists and travelers, converting between Celsius and
Fahrenheit is an important skill.

To convert to Celsius from Fahrenheit, use the formula:
5

C==(F-32).
9( )

If it is 77°F, what is the temperature in degrees Celsius?
SOLUTION

C= g(F —32) Conversion formula
C= %(77 —32) Substitute.
c=25 Simplify.

If it is 10°C, what is the temperature in degrees Fahrenheit?
SOLUTION

C= %(F —32) Conversion formula
10 = %(F —32) Substitute.
9 _Sp_ 9 : : 59
10 x 5= 9(F 32) x 5 Multiply by the reciprocal of o
18 =F—32 Simplify.
18 +32=F—32+32 Add 32 to both sides
50=F Simplify.
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Lesson Practice

LA Find the perimeter of a triangle with congruent side lengths all equal
" 40 6.5 meters.

" 5)) Find the perimeter of the rectangle.

123 cm

145 cm

> Find the perimeter of a six-sided figure with side lengths that are all
(Bx equal to 16 inches.

" gl) Find the area of the rectangle.

21.2 1t

14.5 ft

L& Find the base of a rectangle with an area of 12 cm? and a length of
26 centimeters.

" 3f) Use the Pythagorean Theorem to find b.

8m 10 m

b
g. Use the Pythagorean Theorem to find the area of a triangle with a
(53 hypotenuse of 17 millimeters and a side length of 15 millimeters.

. !’1 If it is 0° Fahrenheit, what is the temperature in degrees Celsius?
% Round to the nearest tenth.

i. If it is 100° Celsius, what is the temperature in degrees
(Ex4) .
Fahrenheit?

Practice Dpistributed and Integrated

1.
(7)

2.
(7)

3.
)

B 4

(SB13)

50

Complete the following conjecture.
The product of an even and an odd number is

A bean sprout grows 3 inches in its first week, 2 inches in its second week,
and 1.333... inches in its third week. If the sprout’s growth follows this pattern,
how much will the bean sprout have grown in its fourth week?

What are three undefined terms of geometry?
Coordinate Geometry State the quadrant in which each point is located.

a. (=2, —2) b. (—2,2) c. (2,-2)

Saxon Geometry



- 152 If there are twelve turtles in the pet store, what is the probability that a turtle
%212 chosen at random will weigh more than the median turtle weight?

§ 6. Algebra The area of a rectangle is 54 cm®. The side lengths are 2x + 1 and x + 2.
What is the measure of each side?

7. Analyze Can a line be intersected at the same point with two different perpendicular
lines? Explain why or why not.

8. How far does a jogger travel to reach the midpoint between a jogging track and
a parking lot that are 0.25 miles apart?

9. Find the next item in the pattern. 2, 4, 8, 16, 32, ...

10. Multiple Choice Which pair of angles are congruent? n
“ A Z1and £8 B /2and /3 |2
C Zland £2 D Z5and £6 3|4
m
1(165 Multiple Choice Which pair of angles are a linear pair? 4/52/7
A /5 and Z6 B £6 and £7
C 41 and Z4 D Z4 and £6

1(26). Name all the pairs of supplementary angles formed by line m.

\ 13. write Karl wrote that any three points define a plane. Is his statement true? If not,
4 . . ..
“ rewrite his statement so that it is true.

148. Verify A rectangle has side lengths of 30 meters and 36 meters. If the side lengths
¥ of the rectangle are doubled, verify that the perimeter also doubles.

15. Error Analysis A student has solved the equation for Pythagorean Theorem in the
(8) . S
following way. It is given that ¢ = 5and b = 12.

at+b*=¢?
(a+b)?=c?
(5+12)2=¢?

177 = ¢

V289 = V¢?
17=c¢

Where did the student make an error? What is the actual answer?
1(645 Identify the intersection between planes P and Q.
17. Name the two rays that make ZLNA. m

3)
1(815 What figure is formed at the intersection of two lines? A W
L
1(955 Multiple Choice Which of the following terms cannot describe r
lines?

A perpendicular B congruent
C skew D parallel
x+ (3x)2+ x

20. Evaluate the expression
(SB 14)

for x = V2. Express the answer in
L . 2
simplified radical form.
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21.

(SB22)

22,
(8)

23.
(SB17)
(SB11)

25.
(3)

26.
(7)

27.
)

(SB22)

29.
(8)

30.

(SB2)
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Musical notes are identified by their frequencies, which are recorded in
hertz (Hz). Middle C is denoted as C, and has a frequency of 261.63 Hz. What is
the frequency of the C; note, which is one octave below C,? (Frequency doubles
when going up an octave.)

Find the perimeter of a triangle if each side length is 136 millimeters.

If f(x) = 3x + x%, what does f(2) equal?

Statistics What is the mode of the following set? {A, B, M, M, H, H, J, P}
What is the angle between two opposite rays?

Biology ) In a lab experiment, there is a culture that contains 25 bacteria at 2:00.
At 2:15, there are 50 bacteria. At 3:15, there are 800 bacteria. Make a conjecture
about the rate at which the bacteria increases.

By what property is the statement AB = 4B justified?

8 King is baking a recipe that serves 6 and calls for 1.5 cups of flour. He

expects 8 guests and decides to increase the recipe so that it can serve 8. How
much flour will he need to make the larger recipe?

A housing developer wants to build a fence around the backyard of a
house. If the backyard forms a square and one side is bounded by the house, what
formula could the developer use to calculate the amount of fence required?

Verify Show that the Commutative and Associative Properties of Addition are true
when adding the linear functions f(x) = 3x + 2, g(x) = —2x + 3, and h(x) = 0.
The first line of each is given below.

Associative Property of Addition Commutative Property of Addition
[0 + gCo] + h(x) = f(0) + [g00) + h(x0] SO + g(x) = g0 + f(o

Saxon Geometry



Finding Length: Distance Formula

Warm Up sslf Vocabulary The distance of a number from zero on the number line is the
(B of that number.

2. In what quadrant is the point (5, —3) on the coordinate plane?

(SB13)
o |5x -8
3. Evaluate the expression ———— for x = 3.
B 14) 2

(s

New Conce ptS Often, the length of a segment can be measured using a ruler. At other times,
it may be necessary to find length by looking at a number line or a coordinate
plane.

To find the distance between two points on a number line, take the absolute
value of the difference between those points’ coordinates.

Hint

An absolute value is used
to determine distance d= |612 —da |
and length because it is
impossible for something
to have a negative 1
length, or for the
distance between two
points to be negative.

The distance between points a; and a, is |4 — 1| = 3.

Example n Distance Between Two Points on a Line

Find the distance between the points on c D

. . e e s e o
the number line. 4 -2 0 2 a
SOLUTION

Use the formula:
=[4—(-3)]
=|7|
=7

On a coordinate plane, the distance between two points can be found using
the distance formula.

Distance Formula

In a coordinate plane, the distance d between two points (x, y,)
and (x,, ,) is given by the formula:

@ Online Connection ) d :\/(xz - x1)2 + (J’z - yl)2
W' m

ww.SaxonMathResources.co
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Math Reasoning

Verify Since the diagram
shows a horizontal line,
an easy way to verify the
result of the distance
formula is to simply
count the number of unit
squares the line crosses.
Would the result be any
different if you flipped
the x and y coordinates
of these points?

54 Saxon Geometry

Example E Using the Distance Formula

Find the distance between the two points. hy ae
SOLUTION i
First, choose one point’s coordinates to be 4l
(x1, ¥1)- The other point will be (x5, y,). |
It does not matter which point is chosen. | (1,2

<9 X
Let (1,2) be (x;, ;) and (4, 6) be (x5, y,). 12 4

A

Substitute into the distance formula.

d= \/(xz—x1)2+ (y2—»1)?
d=\(4 - 1%+ (6 —2)?

d=\3*+4*
d=+V25
d=5

It does not matter which ordered pair is chosen to be (x;, y;). It is important,
however, that x, and y, come from the same ordered pair.

When two points share the same x-value or y-value, the distance formula can
be simplified as shown in the next example.

Example B Distance Between Points That Share One Coordinate

Find the distance between the two points. A
SOLUTION ’—2_’
Since y, = y,, we can substitute and simplify. I

O X
d= \/(xz—x1)2+ (2= »)? -6 -1 -2 i

d= \/(xz =)+ (y2 =)

d:\/(xz—x1)2+ 0’

d= (x2 — xl)2

The square root and the square cancel, so with the two identical y-values,

the distance formula becomes:
d=|x;— x|

An absolute value is used because squaring and then taking the square
root of a number always results in a positive number. The resulting
formula is identical to the one used to find distance on a number line.

d=|x,— x|

d=|-6—1]|
d=|-7]
d=17



Math Reasoning

Analyze Can you find a
particular route on the
map where the distance
you would have to walk
between two buildings is
not accurately expressed
by applying the distance
formula? Why does the
distance formula not
work in these situations?

Example ﬂ Application: Navigation

Use the following map for each question. Store John’s house
The distance is measured from the dot on y “9) ___ Sandra’s
each building. ' . house
| (28) (7,8)

What is the distance from John’s (2,5

house to the school if each unit on the I

: 7,3)
coordinate plane represents 100 meters? r
Round to the nearest hundredth. [ 5
Library X

SOLUTION ==
John’s house is at (4, 9) and the school is at
(2,5).

d= \/(Xz —x)2+ (12— )’
d=\(4—2)?%+ (9 - 5)?

d=\2*+4*
d=+V20
d=~ 44721

Since each unit represents 100 meters, multiply the answer by 100.
The distance from John’s house to the school is about 447.21 meters.

What is the distance from Sandra’s house to the store?

SOLUTION

Sandra’s house and the store have the same y-coordinate, so the formula
for distance on a number line can be used.

d=|x,— x|

d=|7-2|

d=5

Since each unit represents 100 meters, the distance from Sandra’s house to

the store is 500 m.

Lesson Practice

a. Find 4B. A B
(Ex1) o+ttt
-8 -6 -4 -2 0 2 4 6
. 5) What is the distance between points S and 7? 4
2 Round to the nearest hundredth. 3 o 3
c. Find the distance between the points (2, 3) ol
(Ex3) S
and (2, —4). i
4}
. 9 The peak of a mountain is located at the \ :
%" coordinate (120, 0). The hiker starts at the |
bottom of the trail at coordinate (0, 125). y

If each unit on the coordinate plane represents
10 meters, how far will the hiker walk if he gets
to the peak? Round to the nearest tenth.
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Practice Dpistributed and Integrated

1.
)

(9)

(SB18)

4

(9)

(3)
(6)

(SB22)

(SB1)

4)

10.
(7)

11.
(3)

\ 12.

4)
U 13.
(6)

14.
()

15.
(3)

16.
(9)

17

(SB12)
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3. Factor (9x% — 18x — 7). E v

8. Evaluate this expression:

What is the approximate distance between points A and B in the Ay

coordinate grid at right? .\ T
D

Verify What is the approximate distance between the points £ and F? 0
Is the answer the same if you find the distance between the points F' -4 -2 ./.F2

and E? /
4}

Coordinate Geometry Calculate the distance between the points (9, 14)
and (—35, 13) to the nearest hundredth.

What is the angle between the hands of a clock when it is exactly 4 o’clock?

If an angle is obtuse, must its supplement be acute, obtuse, right, or none?

7. Error Analysis A student calculated the formula for the perimeter (P) of a regular

dodecagon, where 7 is the side length.

P=10n

Is the student correct? Explain.

22 +4)
6

Is the following statement sometimes, always, or never true?

—|=2].

Two planes intersect at a point.
Make a conjecture about the pattern at right and find the next line in the pattern. 1

On a map, the Tropic of Capricorn is parallel to the equator, and the
Tropic of Cancer is also parallel to the equator. Do the two tropics ever meet?
How do you know?

Write Describe the difference between a postulate and a theorem.

Algebra Find the value of x in the diagram at right.
4x% +3x + 3

What two objects intersect at a line? Explain.

C 6x* —4x +6

Analyze Solve the Pythagorean Theorem for ¢. How is it like the
distance formula? Explain your reasoning.
If Sven has a rectangular yard with the corners given in the Ay

: . . ©,7) (5, 7)
diagram, to the nearest hundredth meter, how much fencing will he FYAN
need to divide the yard into two triangles? Each unit on the grid B
represents one meter. I \

There are six bananas, two oranges, and seven apples in a bag. At ©, o)f 5, 0)
random, pieces of fruit are chosen from the bag. What is the probability 12 4 &
that an apple is chosen first and an orange is chosen second? A\

2o
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18.
(3)

19.
(8)

20

(SB18)

21.
)

22,
(1)

23

(SB22)

24,
(6)

W& 25.
)

26.

(SB17)

27.
(9)

28.

(SB15)

29.
(5)

30.
(7)

What is the measure of ZBX(C?
C
B
129°
A 130 X D

Multiple Choice Which of the following is not a formula?
A distance formula

B perimeter formula

C Pythagorean Theorem

D protractor formula

Find the product of (2x — 2) and (x + 1).

What property justifies this statement?
[f AB = XY and CD = XY, then AB = CD.

Explain Can two noncoplanar lines intersect? Explain.

If a carton of eggs costs $2.05 with tax included, how many cartons
can you buy with $10? Explain how you estimated the answer.

Multiple Choice Which of the following is not a pair of angles?
A supplementary

B adjacent

C right

D vertical

Algebra If B is the midpoint of AC, and AB = %x + 12 and AC = 12x — 4, what is
the length of BC?

What is the domain of the function f{x) = v/x?

How does the distance formula simplify when finding the distance
between two points which are directly above each other on a coordinate grid?

Solve —3w + 2 < 4w + 16 for w.

A line is perpendicular to another line. Classify the supplementary angles it
creates. Are they congruent?

What is the difference between a conjecture and a theorem?

Lesson 9
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LESSON Using Conditional Statements

1. Vocabulary reasoning is the process of reasoning in which a
7) : . .
rule or statement is considered true because specific cases are true.

24. Melissa notices that all the flowers in her yard bloom during the spring.
“ Based on this observation, she says, “All flowers bloom in the spring.” Is
this an example of a postulate, a theorem, or a conjecture?

3. Solve the equation 2x + 7 = 4.

(SB15)

New Conce ptS A conditional statement is a statement in the form, “If p, then ¢g,” where p is

Online Connection
www.SaxonMathResources.com

Math Reasoning

Connect Using the
formula you learned

in Lesson 9, write the
sample statement so it
is true.
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the hypothesis and ¢ is the conclusion. For example:
If it is morning, then the sun is in the east.

The hypothesis of a conditional statement is the part of the statement that is
between the words if and then. In the statement above, the hypothesis, p, is
“it is morning.” The conclusion of a conditional statement is the part of the
statement that follows the word then. In the statement above, the conclusion,
¢, 1s “the sun is in the east.”

Example n Identifying the Hypothesis and Conclusion

Identify the hypothesis and conclusion of each conditional statement.

If 2x + 1 =5, then x = 2.
SOLUTION

Hypothesis: 2x + 1 =5
Conclusion: x =2

If a plant is growing, then it needs water.

SOLUTION
Hypothesis: 4 plant is growing.
Conclusion: It needs water.

Some conditional statements are true and some are false. This is called the
truth value of a conditional statement. A statement is only false when the
hypothesis is true and the conclusion is false. For example:

If a rectangle has a width of 5 feet and a height of 4 feet, then its area is
30 square feet.

The hypothesis is true, but the conclusion of this statement is false. Since the
hypothesis is true but the conclusion is false, the statement’s truth value is
false.



Math Reasoning

Analyze What is the
result of taking the
converse of a converse
statement?

If a conditional statement’s hypothesis is false, then the statement could
still be true. For example, consider the statement, “If Ai wins the lottery,
he will take a vacation.” The hypothesis is false if Ai does not win the
lottery, but the statement is still true, because the statement only applies if
Ai does win the lottery.

Example E Evaluating the Truth Value of a Conditional
Statement

Determine whether each statement is true or false. If it is false, explain
your reasoning.

If an angle is obtuse, it measures 120°.

SOLUTION

The hypothesis of this statement is true, but the conclusion is false.

An obtuse angle can measure anything greater than 90° and less than
180°. Any obtuse angle that is not 120° could be used to contradict this
statement. Therefore, the statement is false.

If two parallel lines intersect, then they form acute angles.

SOLUTION

The hypothesis of this statement is false because parallel lines are defined
as lines that never intersect. When the hypothesis of a conditional
statement is false, the conditional statement as a whole has a truth value
of “true.” The statement cannot be said to be false unless a situation exists

where the hypothesis is true.

The converse of a statement is the statement formed by exchanging the
hypothesis and conclusion. The converse of a statement “if p, then ¢ has
the form “if ¢, then p.” Consider the following conditional statement.

If it is morning, then the sun is in the east.
The converse of this statement is,
If the sun is in the east, then it is morning.

Even if a conditional statement is true, the converse of that statement is not
necessarily true. For example:

If an animal is a duck, then it can fly.

The converse of this statement is,

If an animal can fly, then it is a duck.

This statement is not true. There are many animals that can fly that are not
ducks.
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Hint

For more about Venn
diagrams, see the Skills
Bank at the back of this
textbook.
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Example B Stating Converses

Write the converse of each statement and determine whether the converse
is true.

If an animal is a dog, then it has four legs.

SOLUTION

Converse: If an animal has four legs, then it is a dog.

The converse is not true. We can prove it is not true by finding an untrue
example. For example, a cat is also an animal with four legs, but it is not
a dog.

(b) 1f x = 4, then 3x + 7 = 19.

SOLUTION
Converse: If 3x + 7 = 19, then x = 4.

The converse is also true.

Example n Application: Biology

Write the converse of each conditional
statement. Use the Venn diagram to

determine if the converse is true. Female
insects " "
If an insect is a mosquito, then it RIS
can fly.
SOLUTION Mosquitoes that bite

Converse: If an insect can fly, then it
Is a mosquito.
There are many flying insects besides mosquitoes, so the converse is false.

If a mosquito bites, then it is female.

SOLUTION

Converse: If a mosquito is female, then it bites.

We see from the diagram that the entire region indicating “female
mosquitoes” overlaps completely with “mosquitoes that bite,” so the
converse of this statement is also true.

Lesson Practice

%(Elxell)ltify the hypothesis and conclusion of each statement.
a. lf x=4andy =2, then 2x + 3y = 4.
b. If an apple is a golden delicious apple, then it is yellow in color.
c. Determine whether the statement is true or false.

(Ex2)
If two points are collinear, then they are also coplanar.

FElnsgl the converse of each statement and determine whether it is true.
d. If x* =9, then x = 3 or —3.
e. If it is Thanksgiving Day, then it is Thursday.

f. If a cardinal is a male, then it is bright red.



Practice Dpistributed and Integrated

Three cities lie on a straight highway. Dawson City is between
Orangebourgh and Danteville. If the distance from Dawson City to Danteville is
19 miles and the distance from Orangebourgh to Danteville is 32 miles, what is the
distance from Orangebourgh to Dawson City? Name a theorem or postulate that
justifies your answer.

( )

* (28) What is the perimeter of a regular, triangular yield sign with a side length
of 15 inches?

3. Justify If two lines are parallel, are they contained in a plane?
(4)
Why or why not?

*(1%} Use the Venn diagram to write a conditional statement.

5. Factor: x> — 4x — 21.

Rational Numbers

(SB18)
) |x2 —4x+3 | .
6. Can the expression 5 ever be a negative number?
(SB1)

Explain.

*7. Multiple Choice The point (4, 7) is an endpoint of a line segment. The segment
® is 5 units long. Which point is a possible second endpoint of the line?
A (1,4) B (1,11)
C(-1,6) D (0, 3)

\ 83 Write What is the difference between the Ruler Postulate and the Protractor
@ Postulate?

\ *(190) Write A certain conditional statement’s conclusion is always true when its
hypothesis is true, so the conditional statement is always true. Can you determine
for certain that the statement’s converse will always be true? Explain and give an
example to support your answer.

*10. If i isal h le, then i lifi ni

10. an animal is a ogger eac.i sea turtle, then its e?(p.ected ife span is
approximately 70 years. Is this a conditional statement? If it is not, rewrite it as a
conditional statement. If so, write its converse.

SBII% An experiment designed to find the speed of sound shows that it is 768 miles per
P19 hour. If the speed of sound is actually 770 miles per hour, what is the experiment’s
percent error, to the nearest hundredth?

s 112) Transform the formula E = mc? to solve for m.
B 16

13. Model Copy the figure at right and draw a line through the point that X
(5) «—>

is parallel to 4 AB. Try to draw a different line through the point that is also /

parallel to AB. Ts it possible to draw a second line? Why or why not?

*14 Find the distance between the two points (2, 3) and (—4, 1) to the nearest
’ hundredth.

Lesson 10



*155,}. The length of a line segment is 7. Its endpoints are (1, 3) and (k, 3). Solve for k.
’ 1s there more than one solution? Explain.

1?; Model Is it possible to draw two intersecting lines where the vertical angles are not
“ equal? Why or why not?

IZ. Two streets intersect and are not perpendicular. Two different corners of the
¥ streets are at angles that have equal measures. What is another term to describe
the angle pair?

S%Sg. Is it possible to compare two quantities that are recorded in different units of
5P measure? Explain how.

(S195 Give an example of a situation in which scientific notation is commonly used.
B7,

225 Justify What property justifies the statement x = x?

*2%. A gardener wants to split a rectangular bed of flowers diagonally to
¥ make two separate triangular beds. What is the area of one of the right triangles
the gardener will form if the diagonal is 13 feet and one side is 12 feet?

2(27J Find the next number in this pattern: 3, 9, 27, 81, ...

S%?;. Evaluate the expression mc? for m = 1 and ¢ = 3 x 10%. Express your answer in
BP7 scientific notation.

*%;40) Algebra Complete the conditional statement.

If 2x + 7 =13, then x = .

*%150) Error Analysis Kareem wrote the following statement.

If the measures of three angles combined equal 180°, then the angles are all acute.
Use an example to disprove Kareem’s conditional statement, then write a true
conditional statement.

26. Error Analysis A student multiplied the binomial below. Explain where the student

P19 made an error. Multiply the binomial correctly.

(x+2)(x=3)=x>+x—-6
(5%75 List all the sets of numbers to which —2.8 belongs.

S%SI. Analyze Find the value of the expression |3 + (—4) + 6. Now find the value of the
(SEY expression | 3| + | —4| 4+ | 6|. Why are the answers different?

2(965 Multiple Choice Which pair of terms is equivalent?

A supplementary angles and vertical B vertical angles and complementary
angles angles

C linear pair and adjacent, supplementary D linear pair and adjacent angles
angles

*?(3100) Draw a Venn diagram to show the relationship in the conditional statement.

If a number is a natural number, then it is a whole number.

62 Saxon Geometry



: f
‘rrl“‘-l b '
S INVESTIGATION

{ }

ettt 1 Transversals and Angle Relationships
A transversal is a line that intersects two or more coplanar lines at different }
points. ‘
Math Language 1. Identify the transversal. n -,.‘.i‘
m
Recall that an angle 2. How many angles are formed by a transversal crossing \
is defined as a figure two lines? P A

formed by two rays and \
a common endpoint. It

is fegfelszr‘md by the When two lines are intersected by a transversal, the angles
Ve formed are classified according to four types of angle
pairs. The example column shows two angles that fit each classification.

Classification Example

A pair of corresponding angles
is any pair of angles that lie on
the same side of the transversal
and on the same sides of the
other two lines.

A pair of alternate interior
angles is any pair of
nonadjacent angles that lie on
opposite sides of the transversal
and between the other two lines.

A pair of alternate exterior
angles is any pair of angles
that lic on opposite sides of
the transversal and outside the
other two lines.

The same-side interior angles,
also called the consecutive
interior angles, are a pair of
angles that lie on the same side
of the transversal and between
the other two lines.

e Nk

Give one example of each type of angle pair.

3. corresponding angles

4. alternate interior angles

. alternate exterior angles

=
L=)  Online Connection

5
“|www.SaxonMathResources.com 6. same-side interior angles | t
]

7

. Generalize When a transversal intersecting two lines is moved, what
happens to the measures of the two angles in a linear pair? , ’
\
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Hint

All of the postulates and
theorems presented here
refer only to transversals
that intersect a pair of
parallel lines.

Identify the following in the o
town map. = Jake’s )
. 5 Rest t s
8. A street that is a transversal and the 5 estauran =
P (@] ]
streets that it intersects. Third Avenue
9. Two businesses on street corners that  Shopping foe';‘t

represent an alternate exterior angle Mall ) Gas Station

air. Parkin
P Lot ‘ " Mille's

pNe““e Restaurant
ol
sec

10. The angle pair of the street corners
with a shopping mall and parking
lot.

A transversal may also intersect two parallel lines.

Multi-Step Use the diagram to answer the following questions.

11. What type of angle pair is Z1 and £2? s
12. Using a protractor, measure Z1 and £2.

13. What conjecture can you make regarding the
measure of a pair of corresponding angles formed when a transversal
intersects parallel lines?

When a transversal intersects parallel lines, the angle pairs that are formed
are either supplementary or congruent. Postulate 11 and the theorems below
indicate which pairs are congruent and which pairs are supplementary.

Postulate 11: Corresponding Angles Postulate

64 Saxon Geometry

N\, 15. Write If you know mZ4, is it possible to know

If two parallel lines are cut by a transversal, then the corresponding
angles are congruent.

Theorem 10-1: Alternate Interior Angles Theorem

If two parallel lines are cut by a transversal, then the alternate interior
angles are congruent.

Theorem 10-2: Alternate Exterior Angles Theorem

If two parallel lines are cut by a transversal, then the alternate exterior
angles are congruent.

Use the diagram to answer these questions.

14. If mZ1 = 50°, what is m£2? a

m/2? Explain. 3 2

L

I..i



Theorem 10-3: Same-Side Interior Angles Theorem

If two parallel lines are cut by a transversal, then the same-side interior
angles are supplementary.

16. If ZABC and ZDEF are a pair of same-side interior

angles, what is m£ZABC when mZDEF = 75°? '

17. Multi-Step Lines £ and m are intersected by transversal n. \
a. What angle pair is represented by the expressions?
b. Find b if ¢ || m. 5b —45°|, \36°
¢. What is the measure of £1?

Investigation Practice

What types of angle pairs are the following?
a. /5 and Z4
b. £6 and £7
c. Zl and Z3
d. Z1 and 48
e. Z3 and £6

Multi-Step Use the diagram to identify the following. a

f. A pair of same-side interior angles with
transversal b.
g. A pair of corresponding angles with transversal a.

h. A pair of alternate interior angles with
transversal c.

i. Identify the transversal such that Z4 and Z10 are a
pair of alternate exterior angles.

A sign on a hill has posts that are parallel.

POPULATION: 4,627

j- Identify the components of the diagram that represent I
a transversal and the two lines it intersects. 2
1

k. What is mZ1 if mZ£2 = 135°? Justify your answer by
naming the theorem used.

W 1 Algebra:Betegine mZLMP and mZONQ
when MP || NO.

m. Analyze When a transversal intersects two

parallel lines, are all the acute angles P

congruent? Draw a sketch to demonstrate
your answer.

Q
(3x + 50)°
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