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[ Classify triangles and find measures of their angles.

Vocabulary
A triangle is a polygon with three sides.

A scalene triangle has no congruent sides.

An isosceles triangle has at least two congruent sides.
An equilateral triangle has three congruent sides.
An acute triangle has three acute angles.

A right triangle has one right angle.

An obtuse triangle has one obtuse angle.

An equiangular triangle has three congruent angles.

When the sides of a polygon are extended, other angles are formed.
The original angles are the interior angles. The angles that form linear
pairs with the interior angles are the exterior angles.

Theorem 4.1 Triangle Sum Theorem: The sum of the measures of the
interior angles of a triangle is 180°.

Theorem 4.2 Exterior Angle Theorem: The measure of an exterior
angle of a triangle is equal to the sum of the measures of the two
nonadjacent interior angles.

Corollary to the Triangle Sum Theorem: The acute angles of a right
triangle are complementary.
SR

EruETE Classify triangles by sides and by angles

Classify the triangle by its sides and by its angles.

a. E b. B
19 110°\.8

19° 51° pe
D 73 F } 4 42

A 4 c
Solution ]
a. Triangle DEF has one obtuse angle and no congruent sides.
So, ADEF is an obtuse scalene triangle.
b. Triangle ABC has one right angle and two congruent sides.
So, AABC is a right isosceles triangle.
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Exercises for Example 1

Classify the triangle by its sides and by its angles.

@ @ @ 10 120° 10
! 30°\ 5 g 30° 30°
5 18
60” (o} m
Yigwk, scolend i g "‘6""\“ 1sosate
e lateral)
; BT Find angle measures
i a. Find m£BAC and m£BCA. b. Find m£BCD and mZABC.
B c B
=
2x°
76° (5x — 2)°
(3x + 11)F° i
A A C D
Solution
a. (4x —5)° + (3x + 11)° = 90° Use Corollary to the Triangle
: Sum Theorem.

x=12 Solve for x.
So, mZBCA = (4x — 5)° = (4 » 12 — 5)° = 43° and
mZBAC = 3x + 11)° = (3 - 12 + 11)° = 47°.
b. (5x —2)°=2x°+ 76° Use Exterior Angle Theorem.
x =26 Solve for x.
So,mZBCD = (5x — 2)°=(5-26 —2) = 128°and
mZABC = 2x° = 2(26)° = 52°.

Exercises for Example 2

Find mZABD and m£BDC. Find m/CAB and mZCBA.
) B AKO; % Bx % =90
P+ % = 3K T 30~ € x=40
30:;;( e 2‘)?‘, | : \): . ' 4]"s)

m QAR = 80°

W\LABD=QO me CRA = |0°

Geometry W\LBBC < (oo
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[TYXX Identify congruent figures.

Vocabulary

In two congruent figures, all the parts of one figure are congruent to
the corresponding parts of the other figure. In congruent polygons,
this means that the corresponding sides and the corresponding angles
are congruent.

Theorem 4.3 Third Angles Theorem: If two angles of one triangle are
congruent to two angles of another triangle, then the third angles are
congruent.

E0IE Use properties of congruent figures

in the diagram, ABCDE = FGHIJ.

a. Find the value of x. B D 1 (gy _ é,o G
b. Find the value of y. 47°
“9 C H
A 10 EJ 3x + 4 F
§ Solution _
é a. You know that AE = FJ. b. You know that ZD = ZI.
- AE = JF m£D = mZl
5 10 = 3x + 4 47° = (& — 9y
=1 .
< 6 = 3x 47=8y—9
5 P 56 = 8y
1=y
E Exercises for Example 1
2 In the diagram, AABC = ADEF.
- i - B D
g 1. Findthevalueofx. Y= 3 5y - 3°
z 2. Find the value of y.
= R 22°
= N=2 4 s c
S 3x

\«
™)
w K
o
A
m

F
S\f-3-.i% ;
Sy= eome
1:5’ e

Chapter 4 Resource Book

27

L._ ——-




5
:
1

g
i

gl

AR AT A T s B

2%

Name ' Date

wsov | Stu dy Guide continved

42 For use with pages 225-231

In the diagram, ABCD = EFGH.

3. Find the value of x. ¥="] A 8 B G H
70° 6y + 4°

4. Find the value of y.

b
V%;dwe.o

Use the Third Angles Theorem

Find m£F. C
‘ F D
50 110 ) v
A B E :
Solution

In the diagram, £4 = £ D and £B = ZE. So, by the Third Angles Theorem,
£ C = /F. By the Triangle Sum Theorem, m£ C = 180° — 30° — 110° = 40°.
So, m£ C = mZF = 40° by the definition of congruent angles.

Find the value of x.

5. 7 6.

55°

<

B(3x + b)°

N 2S Y=

5(3x45)=58

3x+S =
vzl

Geometry X A
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Use the side lengths to prove triangles are congruent.

Vocabulary

Postulate 19 Side-Side-Side (SSS) Congruence Postulate: If three
sides of one triangle are congruent to three sides of a second triangle,
then the two triangles are congruent.

Use the SSS Congruence Postulate

Prove that AJKL = AMLN. : J M

Solution
The marks on the diagram show that
JK = ML, KL = LN, and JL = MN. H H

So, by the SSS Congruence Postulate, AJKL = AMLN.
Exercises for Example 1

Decide whether the congruence statement is true. Explain your

reasoning.
1. A4BD=ACDB €9, 2. AXWY=AWZY _
. Qorr. s\cles 3
ore /": g
c <SS £
A s
. ) oo
*3 3. ARST= AVUT 4. AFGH = AJHG 5
| R . g. ¥ G J "'V‘“ ) E
ﬁi ” or sss =
?{:. 4 T srd'.s E
e i . =
o f . = F H g
s i " T8 E
i 5. APQR= ARTS 6. AJKL=AMPN 5
6 Py @ « NO
_ \ Y, /\ TE S
« ; Sss J 3 M__ L1 N
,s .- ' S v R \/ “_
i i 4
i
Geometry 1
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|EXAMPLE 2

Congruent triangles in a coordinate plane

Use the SSS Congruence Postulate to show |
that AABC = ACDE.

Solution
Use the Distance Formula to show that corresponding sides are the same length.
4B =V(=3 = (-4 + (-3 - 27 D=\~ (-DP+ -0y
=12+ (-5 =V + 1
=26 = V26
So, AB = CD, and hence 4B = CD.
:. BC=V(~1—(=3)?+ (0 — (=3)) DE =\(1 — 4?2 + (3 — 1)?
- V22432 = V(32 +22
=V13 : =V13
So, BC = DE, and hence BC = DE.
Cd=\(=4 - (-1))* + (2 — 0y EC=\(=1-12+(0-3)
=V13 =Af3

So, CA = EC, and hence CAd=EC.
So, by the SSS Congruence Postulate, you know that A4ABC = ACDE.

Exercise for Example

7. Prove that Q.ABC = ADEF.
ABR=DE =15 ™M<5e
B¢ =Ef =1(3 E_f'_:/":-' €F
CASEN=DE  EARED

A AR ADer n& SSS

Copyright © by McDougal Littell, a division of Houghton Mifflin Company.
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A

LI Use sides and angles to prove congruence.

Vocabulary

In a right triangle, the sides adjacent to the right angle are called
the legs.

The side opposite the right angle is called the hypotenuse of the
right triangle.

Postulate 20 Side-Angle-Side (SAS) Congruence Postulate: If two
sides and the included angle of one triangle are congruent to two

sides and the included angle of a second triangle, then the two triangles
are congruent.

Theorem 4.5 Hypotenuse-Leg Congruence Theorem: If the
hypotenuse and a leg of a right triangle are congruent to the
hypotenuse and a leg of a second right triangle, then the two triangles
are congruent.

Use the SAS Congruence Postulate

B
F
i D
c
A E
Solution

The marks on the diagram show that AB = DE, BC = EF, and £B = £E.
So, by the SAS Congruence Postulate, A ABC = ADEF.

Prove that AABC = ADEF.

S SR

Exercises for Example

Decide whether enough information is given to prove that the triangles
are congruent using the SAS Congruence Postulate.

:'i?- 1. APQT, ARQOS 2. ANKJ, ALKM 3. AWXY, AZXY

1%' _ P R J X z
= ' L

i : SA

% M : 5 -
i1 T w8 N w ¥

Geometry
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4.4 For use with pages 240-247
EOrE Use the Hypotenuse-Leg Theorem !
Write a proof. A c E
GIVEN: 4B = DC, B4 L AC, CD L DB
PROVE: AABC = ADCB
B D
Solution B & g
Redraw the triangles so they are side by side y
" with the corresponding parts in the same
position. Mark the given information in
the diagram. c A B D
Statements Reasons ;
1. B4 L4C, CD L DB 1. Given "
2. ZA and £D are right angles. 2. Definition of L lines
3. AABC and ADCB are right triangles. | 3. Definition of a right triangle
H 4. CB=BC 4. Reflexive Property of Congruence
L 5. AB=DC 5. Given
6. AABC = ADCB 6. HL Congruence Theorem
Exercises for Example 2 |
Write a proof.
4. GIVEN: 4B =DB,BC L 4D 5. GIVEN: mZJKL = m£LMLK = 90°
PROVE: A4BC = ADBC JL = MK
5 PROVE: JK = ML
K J
U
r
A c D

EENVTI f\_é,’-l‘SB gl BU-AD
then L AB T LDeR lotcanar t
ot (aok qQ0° héd"()% perp. Mj

\ines™ 75 6B L e

g R Progec) .

"mm.@m ‘gAD&-
g B

'S .-". X

\L M

Givan 2 SkLmMk =0T Hun
AeLM and ALK ave rt. A's
oug didy o k. 45

Glw Je™ MK and we o

Thawr |
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AkLH A %*ﬁa IV !
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[J1 Use two more methods to prove congruences.

Vocabulary
A flow proof uses arrows to show the flow of a logical argument.

Postulate 21 Angle-Side-Angle (ASA) Congruence Postulate:

If two angles and the included side of one triangle are congruent to two
angles and the included side of a second triangle, then the two triangles
are congruent. '

Theorem 4.6 Angle-Angle-Side (AAS) Congruence Theorem: If two
angles and a non-included side of one triangle are congruent to two
angles and the corresponding non-included side of a second triangle,
then the two triangles aré congruent.

ErrpE Ildentify congruent triangles

Can the triangles be proven congruent with the information given in
the diagram? If so, state the postulate or theorem you would use.

B4 By

Solution

a. The vertical angles are congruent, so three pairs of angles are congruent. There
is not enough information to prove the triangles are congruent, because no sides
are known to be congruent.

b. The vertical angles are congruent, so two pairs of angles and their included
sides are congruent. The triangles are congruent by the ASA Congruence
Postulate. '

¢. Two pairs of angles and a non-included pair of sides are congruent. The
triangles are congruent by the AAS Congruence Theorem.

Geometry
Chapter 4 Resource Book
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4.5 For use with pages 249-255 i
Exercises for Example 1
' Can the triangles be proven congruent with the information given in the
g diagram? If so, state the postulate or theorem you would use.
Ll\,\ A E‘Q
£

[EXAMPLE 2| Write a flow proof e

In the diagram, ~G = 2B and CB|| GA. c » B
Write a flow proof to show AGCA = ABAC.

bes, Ans

Solution
GIVEN: /G = /B, CB||G4
PROVE: A GCA = ABAC ;

il CB||GAd |—>| «BCca = £GAC
Given Alternate Interior &

£G= /5 —| AGCA = ABAC

Given AAS Congruence Theorem

AC = AC

Reflexive Property

Exercises for Example 2

Write a flow proof to show that the triangles are congruent.

_ 4. GIVEN: LPQS = ZROS 5. GIVEN: LOMN = LONM
b\'”‘” < ZQSP = £LQSR LLMO = £JNO
PROVE: APQS = ARQS PROVE: AMJN = ANLM
Ao
&s € s V-’-@-ﬂm 0 : |

Copyright © by McOougal Littell, a division of Houghton Mifflin Company.
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4.6 For use with pages 256-263

N;quju{, Copy,

Geometry

_Explain how you can use the given information B -

Use congruent triangles to prove corresponding parts
congruent.

Identify congruent triangles

and congruent triangles to prove the statement. D
GIVEN: 4B || DE, 4B = DE .
PROVE: C is the midpoint of BE.

A E

Solution

1If you can show that AABC = ADEC, you will know that C is the midpoint

of BE. First, copy the diagram and mark the given information. Then add the
information that you can deduce. In this case, ZB= ZEand LA = £D by the
Alternate Interior Angles Theorem.

Add deduced information

Mark given information.
B B
D D
C
A A
E E

Two angle pairs and the included sides are congruent, so by the ASA Congruence
Postulate, A ABC = ADEC. Because corresponding parts of congruent triangles
are congruent, BC = CE. By the definition of midpoint, C is the midpoint of BE.

Exercises for Example 1

Tell which triangles you can show are congruent in order to prove the
statement. What postulate or theorem would you use? :

1. JK=1IK 2. ZRPQ= /LTRS

K P

A
X
07

J L

M
SAS ~ Hun CPCTe.
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EXUT# Plan a proof involving pairs of triangles

Use the given information to write a
plan for a proof.

GIVEN: Z1=/2,/3= /4
PROVE: ADEF = ADCB

Solution

In ADEF and ADCB, you know £ 1 = /2. If you can show that £ EDF = / CDB
and ED = CD, you can use the SAS Congruence Postulate.

Because £ EDF and £ CDB are vertical angles, £ EDF = / CDB by the
Vertical Angles Theorem.

To prove that ED = CD, you can first prive that A AED = A ACD. You are given
£l =Z2and £3 = £4. AD = AD by the Reflexive Property. You can use the
ASA Congruence Postulate to prove that A AED = /\ ACD.

Plan for Proof: Use the ASA Congruence Postulate to prove that A AED = A ACD.
Then state that DE = DC because corresponding parts of congruent triangles are
congruent. Use the ASA Congruence Postulate to prove that ADEF = ADCB.

Exercises for Example2 =~

Use the diagram and the given information to write a plan

for a proof. .
3. GIVEN: 4B =EB,FB = CB 4. GIVEN:RS=ST,PU=PQ
PROVE: BG = BD ZUPT = £ QPR

Pty

PROVE: APTU = APRQ

A
G A :;,g |
c 20
3.“-- Q- f
F £ tf‘é
Qg U Q Jd |
Yeerse (A E _ T &% R _ 2*':4
P o v BSUAL e ﬁ?mwﬁf
- % b wortig,y heflexiue — ‘A
V\QDLNFB@-‘LEC-B&j CAcTe s PTR PR - ih"f
LOBFYL DR laws ety B
%o A ERGA A CBD A‘%’i | P Sssoety
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[ Use theorems about isosceles and equilateral triangles.

g

Vocabulary

When an isosceles triangle has exactly two congruent sides, these two
sides are the legs. The angle formed by the legs is the vertex angle.
The third side is the base of the isosceles triangle. The two angles
adjacent to the base are called base angles.

Theorem 4.7 Base Angles Theorem: If two sides of a triangle are
congruent, then the angles opposite them are congruent.

Theorem 4.8 Converse of Base Angles Theorem: If two angles of a
triangle are congruent, then the sides opposite them are congruent.

Corollary to the Base Angles Theorem: Ifa uiangle is equilateral,
then it is equiangular.

: Corollary to the Converse of Base Angles Theorem: If a triangle is
equiangular, then it is equilateral.

ErrE Identify congruent angles

In the diagram, RT = ST. Name two congruent R '
angles. \,\/

Solution
RT = ST. so by the Base Angles Theorem, ZR = 2 S.

0

iR,

e

EzuEr# Find measures in a triangle

P R e SR

Find AB and AC in the triangle at the right. A

& Solution
1 B The diagram shows that A ABC is equiangular. Therefore,
5 by the Corollary to the Converse of Base Angles Theorem,
A ABC is equilateral. So, 4B = BC = AC = 11. c T

W,

et L isbnll a diieian af Hanahtan Mifflin Comnany,

.,u'._-‘..-:‘_,v; il

T

Use the information in the diagram to find the w
given values.

1. Find WY. - 6
2. Find m£WXY.

o2}

Geometry
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E7ynrE Use isosceles and equilateral triangles

In the diagram, m«DEF = 90°. Find the values

of x and y. D/\

Solution : y

STEP 1 Find the value of x. Because ADEG is 3

equilateral, it is also equiangular, and
m<GDE = m£DEG = x°.So,bythe - 4 F
Triangle Sum Theorem, 3x° = 180°,

and x = 60.

STEP 2 Find the value of y. Because £ GEF = ZGFE, GE = GF by the Converse of

Base Angles Theorem, so GE = 3. Because ADEG is equilateral,
DE = DG = GE = 3. Because mZ DEF = 90°, ADEF is a right triangle.

Using the Pythagorean Theorem, y = V32 + 4% = 5.

Solve a multi-step problem

Use the diagram to answer the questions; A

b.

C.

What congruence postulate can you use to
prove that AABC = AAED?

Explain why A ACD is equiangular. ' . /60° ;
Show that AABD = AAEC.

Solution

You can see that AB = AE and BC = ED. By the Base Angles Theorem, you
know that £ B = ZE. So, by the SAS Congruence Postulate, MABC = ANAED.

Because corresponding parts of congruent triangles are congruent, you
know that ZACB = £ ADE, and by the Congruent Supplements Theorem,
ZACD = £ADC. So m£ADC = m£ ACD = 60°, and

m<Z CAD = 180° — 60° — 60° = 60°, and A ACD is equiangular.

From part (b) you know that A ACD is equiangular. So, ZADB =/ ACE and
therefore A ABD = A AEC by the AAS Congruence Postulate.

- Exercises for Examples 3 and 4

Find the values of x and y in the diagram
at the right.

In Example 4 above, show that A4BD = NAEC
using the SSS Congruence Postulate.

y=15°

[ 47013231 ) e
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