.\.,.‘ et "-“:.- 1
o

In this lesson, you will: » Addition Property © paragraph proof

Use the addition and subtraction of Equaii.ty * construction proof
properties of equality. * Subtraction Property < Right Angle Congruence
Use the reflexive, substitution, of Equality Theorem

and transitive properties. “ Reflexive Property ° Congruent Supplement
Write a paragraph proof. # Substitution Property Theorem

Prove theorems involving angles. + Transitive Property “ Congruent Complement
Complete a two-column proof. * proof Thegrem

Perform a construction proof, * flow chart proof Vertical Angle Theorem
Complete a flow chart proof. * two-column proof

ave you ever heard the famous phrase, “The proof is in the pudding”? If you stop
to think about what this phrase means, you might be left scratching your head!

The phrase used now is actually a shortened version of the original phrase, “The proof
of the pudding is in the eating.” This phrase meant that the pudding recipe may
appear to be delicious, include fresh ingredients, and may even look delicious after it
is macie. However, the only way to really “prove” that the pudding is delicious is by
eating iL!

Today 1t 1s used to imply that the quality or truth of something can only be determined
by putting it into action. For example, you don't know how good an idea is until you
actually test the idea.

Can you think of any other popular phrases that don't seem to make sense? Perhaps
vou should do a little research to find out where these phrases came from.
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proBLEMV 4] Properties of Real Numbers in Geometry

(7. Many properties of real numbers can be applied in geometry. These properties are important
... when making conjectures and proving new theorems.

The Addition Property of Equality states: “If a, b, and c are real numbers and
a=~h,thena ~c=»b+c."

The Addition Property of Equality can be applied to angle measures, segment measures,
and distances.

==
=3

—
=3
e —

fm: - 1=ms2 thenms1+m/3=m-:2 + m. 3.
&3 (4B - mCD. thenmAB - mEF ~ mCD - mEF.

Za T —
&= 3 |IfAB = CD, thenAB | EF = CD i EF.

=3

1. Sketch a diagram and write a statement that applies the Addition Property of Equality to
angle measures.

I me) = et | then ma\l v D = A N

2. Sketch a diagram and write a statement that applies the Addition Property of Equality to
segment measures.

ning

@
@

IF MAB = p LD , Than MAB 5+ mBC = MmCD+mB:

L

yay

o Carn

-1 = A !‘

A ) C D
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The Subtraction Property of Equality states; “If a, b, and ¢ are real numbers and
a b, thema-c-b-c”

'he Subtraction Property of Equality can be applied to angle measures, segment measures,
and distances.

=3

fm 1 ms2,thenm/s1 m-3 ~m:s2 -m.3.
= 3
= 3 It mAB mCD,then mAB - mEF  mCD - mEF.
& 3
= 3 IiAB  CD,then AB - EF - CD - EF,
= 3

3. Sketch a diagram and write a statement that applies the Subtraction Property of
Equality to angle measures.

|- m_~lAEC = mRED ,  Tthen MLAEC - MmLREC =

mLBER ~
A M LBEC

D

4. Sketch a diagram and write a statement that applies the Subtraction Property ol
Equality to segment measures,

—

IF mAC = m@B,H%n mri-_C'.*t’h"?C = mRD - nmizc
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The Reflexive Property states: “If a is a real number, thena = a.”

The Reflexive Property can be applied to angle measures, segment measures. distances,
congruent angles, and congruent segments.

= 3

= 3 '
_ m.1=ms1
=3

=3 a5 - mas
= 3

&= 3 AB=AB

= 3

= 14l

=3

. AB-AB

=3

= 3

5. Sketch a diagram and write a statement that applies the Reflexive Property to angles.

¢A = <A

A

6. Sketch a diagram and write a statement that applies the Reflexive Property
to segments.

Co £ Co
—1
- )
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The Substitution Property states: “If a and b are real numbers and a - b, then a can be
substtuted for b.”

The Substitution Property can be applied to angle measures, segment measures,
and distances.

= 3
= 3
fm 1 56°and m..2 = 56°% thenm__1 = m_2.

= 3

&= 3 If mAB - 4 mm and mCD — 4 mm, then mAB - mCD.
= 3

&= 3 IfAB - 12ftand CD — 12 ft. then AB -~ CD.

= 3

7. Sketch a diagram and write a statement that applies the Substitution Property
to angles.

[F mcA= 90° fgoaot mcR =90°, Ehiy e = e B

A B

8. Sketch a diagram and write a statement that applies the Substitution Property
to segments.

—

—

1 wmGh = B e skt MEF =8 In, Hlo AC = BER

’

2.3 Paragraph Proof Two-Column Proof Construction Proof, and Flow Chart Piroot
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The Transitive Property states: “If a, b, and ¢ are real numbers,a = b,and b - ©.

thena = ¢.”

ecs o s : ;
A 50 The Transitive Property can be applied to angle measures, segment measures, distances,
Hpc, of congruent angles, and congruent segments.
Subshitution -
e Jalui ") =3

' =

fm/s1 ms2andms2 — m- 3. thenm/1 =m/ 3.
?

= 3 |IfAB - CDand CD = EF, then AB - EF.

% :_B Conartent angles
=3 if 1= ,.2and ~2=,3,then /1= /3,
S OgMents
=3 e B
_ If AB = CD and CD = EF . then AB = EF.
= 3
:._'=.._- % f’m\‘d (_L Mn\

9. Sketch a diagram and write a statement that applies
the Transitive Property to angles.

¥ <A S (R el BRZT<C,

Ban AT ,.cC
i+ 4
& £
[ 10. Sketch adiagram and write a statement that applies

the Transitive Property to congruent segments,

2 mR) E OR w TR BT
Fhen AR 2 BT

~ e

W Y,
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If mAB = mCD and mCD = mEF, then mAB = mEF.

Sometimes wathepsatical
properties can seew obyious.
So, why do we need thew? When you
learn about proofs, you will need these
properties to éuS‘!:‘Fy your

statements and. conclusions.
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Various Forms of Proof

A\ proof is a logical series of statements and corresponding reasons that starts with a
hypothesis and arrives at a conclusion. In this course, you will use four different kinds
of proof.

1. The diagram shows four collinear points A, 8, C, and D such that point B lies between
points A and C, point C lies between points B and D, and AB = CD.

.~ l o . 1 .
e i o o+ @
A B C D

Consider the conditional statement; If AB = CD, then AC = BD.
a. Write the hypothesis as the “Given” and the conclusion as the “Prove.”

Given: AR = D
Prove: ;4{,; 'E-_'D

A¥low chart proof is a proof in which the steps and reasons for each step are written in

o
1]
=h
=4
=
o |
EEEN
s o
20
g
t'qtn
c
5o | |
:D 4
=
wr
L]
w0
3
-
o
=
[%7]
TS

E mAB - mCD | mBC = mBC :
: E i Reflexive Property !

Definition of congruent segments

mAB + mBG - mCD : mBC : i[ mAB + mBC = mAC J :

Addition Property of Equality Segment Addition Postulate

O =S L SOV
N - S . 5
: PR ey : 1 _. —y— ; = :
! mAC —~ mBD o S’"BC meD~ mBD !
E Substitution Property E : egment Addition Postulate :
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. A two-column proof is a proof in which the steps are written in the left column and
the corresponding reasons are written in the right column. Each step and corresponding

reason are numbered.

d. Create a two-column proof of the conditional statement in Question 1.
Each box of the flow chart proof in Question 1, part (c) should appear as a row in

the two-column proof.

Given: AR ¥ CD
_— Prove: 2t =~ Bt what w o ochV“e
L/\fwu‘wl“d& l/ e 7.)( .
Statements ' Measons
[- AB = D /- wivean

2. Definifion of conjyrvent Segmants
2. Peflexive property

Y. AdelHon ocoperts, of equaliby

S Segment Adel itton Astv(a)e

G- Segment Adodifion Posie(ale

A
.r’lﬂ-’_g: w\,C‘-A_[-)
i M-B_Z

2
3
Y. mAB + mBL= MmED + mBL
9.

| W
o

MmAD 3 mBC = mAC

i
MCD + mBC = m BP

le .
7- mAC = BO 7. Svbsaitution Pesperty
8 ,C_IZ = 35 B . Definition o coansrvent sesmeata

A paragraph proof is a proof in which the steps and corresponding reasons are written

complete sentences.

- a paragraph proof of the conditional statement in Question 1. Each row
of the two-column proof in Question 1. part (d) should appear as a sentence in the

paragraph proof.

D Carnegie Learning
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A construction proof is a proof that results from creating an object with specific
roperties using only a compass and a straightedge.

f. \ Cieate a proof by construction of the conditional statement in Question 2.

[ D

Proof of the Right Angle Congruence Theorem

¥

Fig. 1 Fig. 2

1. Karl insists the angle in Figure 1 is larger than the angle in Figure 2. Roy disagrees and
insists both angles are the same size. Who is carrect? What is your reasoning?

2.3 Paragraph Proof, Two-Coiumn Proof, Construction Froof, and Flow Chart Proot
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LJ\A/
{ m ACD\ { m. BCD = 90°

202

The Right Angle Congruence Thearem states: “All right angles are congruent.”

Given: _ACD and . BCD are right angles.
Prove: - ACD =  BCD

Complete the flow chart of the Right Angle Congruence Theorem by writing the statement
for each reason in the boxes provided.

NCD is a right angle /BCD is a right angle

v [

£

=)
| |

|

~ACD = . BCD

Chapter 2 Introduction to Proof

© Carnegie Learning



. Proofs of the Congruent Supplement Theorem

'he Congruent Supplement Theorem states: “If two angles are supplements of the same

angle or of congruent angles, then the angles are congruent.”

- 1/_ . 3/ i~

1. Use the diagram to wrile the “Given” statements for the Congruent Supplement
Theorem. The “Prove” statement is provided.

Given: 4\ 5 vap\m"f‘ 4
Given: £33 13 Suppleneat o Y
Given: i .%‘d £ L]

Prove: £, \ =3

2. Cutoutth

'
'
V
t
'

of the flow chart proof.

i 3 is supplementary to . 4

Given
Ly
m' 1 -ms2 180° 48 = wad
Definition of supplementary angles Given
u u
T ~____ b " N
m/3-m 4 -=180° E i m. 1 m:3
Definition of supplementary angles 0o Subtraction Property of Equality
vy i : Ny
_____________________ ﬁ-, :-__ﬁ
m 2=m.4 ! i m-1+m-'2-m'3 -m- 4
Definition of congruent angles Lo Substitution Property
o ol L)
........................................ o | T st e i .t A g s 0 S . 0
/1=/3
Definition of congruent angles !
______________________________________ J

2.3
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C. : 4. Create a two-column proof of the Congruent Supplement Theorem.
i Each box of the flow chart proof in Question 3 should appear as a row in the
two-column proof.

Statements Reasons -
L ki supgimint 3 &2 | ¥ e
2. &3 in Sppaeand B&Y Be (Guwen
5 BB gl 2. Given

L e & &5
. M 2 = m< 7 &
Def. Svpplementnry Z&'s
DeF. Sopplementnny &3

5. dwmx i)y me? =/80° 5-
b-
7 fvéS/_)"‘V/_"c’"l
8.
q

o, w8y wmind =ABO°

/- Mel p ez = me3 ¢ meYd
rh"'J‘lI"V‘L

8- mcel = me?3

af & 23

e, = =+

N

wfw =M i Proofs of the Congruent Complement Theorem

o S———— I P T T L S T SRR TR

v 1 The Congruent Complement Theorem states: “If two angles are complements of the same
g angle or of congruent angles, then they are congruent.”

1. Draw and label a diagram illustrating this theorem.

A -3

= a G
2. Use your diagram to write the “Given” and “Prove” statements for the Conaruent
Complement Theorem.
Given; £ DR< 1y Comolement T2 <ABD
Given: < I‘JFéZ ;,  eemplement /2 2. EFH

Given: .

< &L <BFH
Prove: ARD =

< DBc I < HfG

206 « Chapter2 Introduction to Proof
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4. Create a two-column proof of the Congruent Complement Thecrem.
Each box of the flow chart proof in Question 3 should appear as a row in
the twao-column proof.

Statements Reasons

S-amc Aas /a;/

/01’00/ éu.,i ar éamp/‘:rwig-.//y 4‘.-\?/,_;

/£ Xlea prae fce

Proofs of the Vertical Angle Theorem

The diagram shows the intersection of twao lines, PR and QS. The intersection of these lings
fornis two pairs of vertical angles. Vertical angles can be formed in other ways as well:

Q

S

/ v the b

v the intersection of two rays (PR and OS";

rsection of two line segments (PR and QS)

by the intersectioR of a line segment and a ray (PR and Qs)

1. What other ways can vertical angies be formed?

208 Chapter 2 1ntroduction to Proof
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"\%e construction tools to verify that vertical angles are congruent.

_\ﬂ\ldentify the angle that forms a vertical angle pair with .~ 1. Explain your reasoning.

b. Use construction toals to duplicate - 1. Use point A on the given starter line as the

vertex of the angle.

>

A ]

c. Use construction tools to duplicate -.3. Use point A on the starter line as the vertex

of the angle.
() d. What can you conclude about angles 1 and 3?7 Explain your reasoning.
el = 2%
( d The Vertical Angle Theorem states: “Vertical angles are congruent.”
gl
f:_—-_j -

3. Use the diagram to write the “Prove” statements
for the Vertical Angle Theorem. The “Given”
statements are provided.

Given: /1 and / 2 are a linear pair
Given: /2 and .. 3 are a linear pair
Given: 3 and 2 4 are a linear pair
Given: ~4 and 2.1 are a linear pair

Prove: »|Z 23
Prove: 4.2‘;,4‘_{

There is a
difference between
the defnition of vertical m\gles
and the Vertical Angle Theorem. By
definition, we know that angles [ and 3
in the diagram are vertical angles. By
the theorew, we know that angles
[ and 3 ave congruent

2.3 Paragraph Proof, Two-Column Proof, Construction Proof, and Flow Chart Proof
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. Create a flow chart proof of the first “Prove” statement of the Vertical
~qale Theorem.

5. Create a two-column proof of the second “Prove” statement of the Vertical

Angle Theorem.
Given: 4__‘-} ol 4( P [emanr pPAade

|:J|Ven_ Z ’ Q'-Lff < z Are - /,‘ﬂcﬁ" PA-.‘I
Prove:
272 =49
Statements Reasons
[ <l 4 cf lincar pric | [ Groen

P X / 2 & 4 /r‘f*-f.a,/ Ve 2 Cy,‘ e
g i f"-""fc‘-’/‘\/-t_.
2 - el + 4/ S‘W"P/mmf"\’)’é-F 3. Line .
:‘f' ﬂ.f!‘"'" T
i el b &2 Lauppl ;_Wy 2% L/' Ciims SN g

|
S Def. supplementy <7
G O.CJC S—..;P,,)mer\'l"\-'y < 5
lo. mal 4 #e 2 = 150" )
ez | T SvbsHRen prepecky
- Fa - mm
= mc‘ff- mz/ = 1 9 Tr*"l"?Sf‘/{"{ prgiyv7

A . Mc.l-/ = mze Z . .
S = Y

-

Clmptu?f <'r -:')(J!/lm on 1591‘%0(

Smt gpel 1po°

Lear o

Ml 5]
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PROBLEV (74 Proofs Using the Angle Addition Postulate

g ,_-_.A.‘..Ii Given: /DEG = _ HEF

¥
tem

7. mcdHEqg
G

o
8.

. Prove: / DEH -

4 GEF

E

T

.
)

G

F

1. Rrove the conditional statement using amv-methoeyau.checse.

Z— Ca/umr\ Preoo

Stectements \ P
L L DEly & LHEF b e s
2 misDEG = mcHlEF | 2-Def- = x's
2. MLDEH + m4HEG = mepely 3. L adtd. posiiafe

U.. s GEF + m<HEG = menty
= M(—QEéI

Mm<DEH + mec HEG =
MLGEF + meatEG

bt EDEY =
<DEH £

m <L GER
L GEF

J. X alA. ,ao.rr‘v/'tﬁe
5T Reflexive  priperty

- ¢ Lhstpution

7_ 7;-0!""3 A

G Der. & X5

2.3 Paragraph Proof, Two-Column Proof, Construction Proof, and Flow Chart Proof
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