
PROVING TRIANGLE CONGRUENCE BY SAS (5.3) 
 

 
ISOSCELES TRIANGLE THEOREM      (Base Angle Theorem) 
If two sides of a triangle are congruent, then the angles opposite them are congruent. 
 
COROLLARY TO ISOSCELES TRIANGLE THEOREM 
If a triangle is equilateral, then it’s equiangular 
 
CONVERSE OF ISOSCELES TRIANGLE THEOREM  (Converse of Base Angle Theorem)    
If two angles of a triangle are congruent, then the sides opposite them are congruent. 
______________________________________________________________________________  
TAKE OUT   HW5.4; 1, 2 3-15odd, 19, 34, 38  
ON SMALL BOARD 3 4 5 6 7 8 
GROUP   1 2 3 4 5 6,7 
______________________________________________________________________________  
WARM UP  
 

1.      2.  
a.  Find BC 
b.  Find  
c.   Find the value of x 

 
 
 
2.  Write a congruence statement for the triangles below. 
 

 
 
 
3.  Find the measure of the exterior angle.   4. Find the value of x and y. 
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5.4 Lesson

 Base Angles Theorem

Given  — AB   ≅  — AC     

Prove ∠B ≅ ∠C

a. Draw  — AD   so that it bisects ∠CAB.

b. Use the SAS Congruence Theorem to show that △ADB ≅ △ADC.

c. Use properties of congruent triangles to show that ∠B ≅ ∠C.

STATEMENTS REASONS

a. 1. Draw  — AD  , the angle 
bisector of ∠CAB.

1. Construction of angle bisector

2. ∠CAD ≅ ∠BAD 2. Defi nition of angle bisector

3. — AB   ≅  — AC  3. Given

4.  — DA   ≅  — DA  4. Refl exive Property of Congruence (Thm. 2.1)

b. 5. △ADB ≅ △ADC 5. SAS Congruence Theorem (Thm. 5.5)

c. 6. ∠B ≅ ∠C 6. Corresponding parts of congruent triangles 
are congruent.

Plan 
for 

Proof

Plan 
in 

Action

legs, p. 252
vertex angle, p. 252
base, p. 252
base angles, p. 252

Core VocabularyCore Vocabullarry

TheoremsTheorems
Theorem 5.6 Base Angles Theorem
If two sides of a triangle are congruent, then the angles 
opposite them are congruent.

If  — AB   ≅  — AC  , then ∠B ≅ ∠C.

Proof p. 252

Theorem 5.7 Converse of the Base Angles Theorem
If two angles of a triangle are congruent, then the sides 
opposite them are congruent.

If ∠B ≅ ∠C, then  — AB   ≅  — AC  .

Proof Ex. 27, p. 275

What You Will LearnWhat You Will Learn
 Use the Base Angles Theorem.

 Use isosceles and equilateral triangles.

Using the Base Angles Theorem
A triangle is isosceles when it has at least two congruent 
sides. 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.

base
angles

vertex angle

base

leg leg

A

B C

A

B C

A D

B

C
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Differentiated Instruction

Kinesthetic
Have each student draw and cut out a 
large isosceles triangle and label the 
points. Have students fold the triangle 
so that the congruent sides coincide, 
and then identify the base, legs, base 
angles, and vertex angle. 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss the definition and vocabulary associated with an isosceles triangle.

 Always-Sometimes-Never True: “An equilateral triangle is an isosceles triangle.” always 
true

• Discuss a plan for proving the Base Angles Theorem. Give students time to try the proof on
their own before discussing as a class. Discuss what the proof would look like if rigid motions 
were used.

• Common Misconception: Be sure students understand that there is more than one order in 
which the steps of a proof can be written.

hscc_geo_te_0504.indd   252hscc_geo_te_0504.indd   252 2/12/15   3:03 PM2/12/15   3:03 PM

258 Chapter 5

258 Chapter 5  Congruent Triangles

 34. PROBLEM SOLVING The triangular faces of the peaks 
on a roof are congruent isosceles triangles with vertex 
angles U and V. 

U

W X Y

V

6.5 m

8 m

a. Name two angles congruent to ∠WUX. Explain 
your reasoning.

b. Find the distance between points U and V.

35. PROBLEM SOLVING A boat is traveling parallel to 
the shore along  !!!⃗ RT  . When the boat is at point R, the 
captain measures the angle to the lighthouse as 35°. 
After the boat has traveled 2.1 miles, the captain 
measures the angle to the lighthouse to be 70°.

L

R S T2.1 mi
35° 70°

a. Find SL. Explain your reasoning.

b. Explain how to fi nd the distance between the boat 
and the shoreline.

36. THOUGHT PROVOKING The postulates and theorems 
in this book represent Euclidean geometry. In 
spherical geometry, all points are points on the surface 
of a sphere. A line is a circle on the sphere whose 
diameter is equal to the diameter of the sphere. In 
spherical geometry, do all equiangular triangles have 
the same angle measures? Justify your answer.

37. PROVING A COROLLARY Prove that the Corollary 
to the Base Angles Theorem (Corollary 5.2) follows 
from the Base Angles Theorem (Theorem 5.6).

38. HOW DO YOU SEE IT? You are designing fabric 
purses to sell at the school fair.

A D

E

B C
100°

a. Explain why △ ABE ≅  △ DCE.

b. Name the isosceles triangles in the purse.

c. Name three angles that are congruent to ∠EAD.

 39. PROVING A COROLLARY Prove that the Corollary 
to the Converse of the Base Angles Theorem 
(Corollary 5.3) follows from the Converse of the 
Base Angles Theorem (Theorem 5.7).

 40. MAKING AN ARGUMENT The coordinates of two 
points are T(0, 6) and U(6, 0). Your friend claims that 
points T, U, and V will always be the vertices of an 
isosceles triangle when V is any point on the line 
y = x. Is your friend correct? Explain your reasoning.

 41. PROOF Use the diagram to prove that △ DEF 
is equilateral.

B C

A

D

E
F

Given  △ ABC is equilateral. 
∠CAD ≅  ∠ABE ≅  ∠BCF

Prove △ DEF is equilateral.

Maintaining Mathematical ProficiencyMaintaining Mathematical Proficiency
Use the given property to complete the statement. (Section 2.5)

 42. Refl exive Property of Congruence (Theorem 2.1): ____ ≅   — SE  

 43. Symmetric Property of Congruence (Theorem 2.1): If ____ ≅  ____, then  — RS   ≅   — JK.  

 44. Transitive Property of Congruence (Theorem 2.1): If  — EF   ≅   — PQ  , and  — PQ   ≅   — UV  , then ____ ≅  ____.

Reviewing what you learned in previous grades and lessons
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ANSWERS
34. a. ∠XVY, ∠UXV; ∠WUX ≅  ∠XVY 

because they are both 
vertex angles of congruent 
isosceles triangles. Also, 
m∠UXV +  m∠VXY = m∠UXY 
by the Angle Addition 
Postulate (Post. 1.4), and 
m∠UXY = m∠WUX +  m∠UWX 
by the Exterior Angle Theorem 
(Thm. 5.2). So, by the Transitive 
Property of Equality,
m∠UXV +  m∠VXY =
m∠WUX +  m∠UWX.
Also, m∠UWX = m∠VXY 
because they are base angles
of congruent isosceles
triangles. By substituting 
m∠UWX for m∠VXY, you get 
m∠UXV +  m∠UWX = 
m∠WUX +  m∠UWX. By the 
Subtraction Property of Equality, 
m∠UXV = m∠WUX, so 
∠UXV ≅  ∠WUX.

 b. 8 m

35–44.  See Additional Answers.

Mini-Assessment

1. Find the value of x. 

L

NM

(3 x +  1)°
76 °

  x = 25
Use the figure.

5 x °
10

A C D

B

2. Find the length of   — BC  . 10

3. Find m∠A. 60°
4.  Find the value of x. 6

If students need help... If students got it...

Resources by Chapter
• Practice A and Practice B
• Puzzle Time

Resources by Chapter
• Enrichment and Extension
• Cumulative Review

Student Journal 
• Practice Start the next Section

Differentiating the Lesson
Skills Review Handbook
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Reviewing what you learned in previous grades and lessons
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If students need help... If students got it...

Resources by Chapter
• Practice A and Practice B
• Puzzle Time

Resources by Chapter
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Student Journal 
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Differentiating the Lesson
Skills Review Handbook
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In Exercises 25–28, use the given coordinates to 
determine whether △ABC ≅ △DEF.

 25. A(−2, −2), B(4, −2), C(4, 6), D(5, 7), E(5, 1), F(13, 1)

26. A(−2, 1), B(3, −3), C(7, 5), D(3, 6), E(8, 2), F(10, 11)

27. A(0, 0), B(6, 5), C(9, 0), D(0, −1), E(6, −6), F(9, −1)

28. A(−5, 7), B(−5, 2), C(0, 2), D(0, 6), E(0, 1), F(4, 1)

29. CRITICAL THINKING You notice two triangles in 
the tile fl oor of a hotel lobby. You want to determine 
whether the triangles are congruent, but you only 
have a piece of string. Can you determine whether 
the triangles are congruent? Explain.

30. HOW DO YOU SEE IT? There are several theorems 
you can use to show that the triangles in the 
“square” pattern are congruent. Name two of them.

31. MAKING AN ARGUMENT Your cousin says that 
△JKL is congruent to △LMJ by the SSS Congruence 
Theorem (Thm. 5.8). Your friend says that △JKL is 
congruent to △LMJ by the HL Congruence Theorem 
(Thm. 5.9). Who is correct? Explain your reasoning.

K

LM

J

32. THOUGHT PROVOKING The postulates and 
theorems in this book represent Euclidean geometry. 
In spherical geometry, all points are points on the 
surface of a sphere. A line is a circle on the sphere 
whose diameter is equal to the diameter of the 
sphere. In spherical geometry, do you think that two 
triangles are congruent if their corresponding sides 
are congruent? Justify your answer.

USING TOOLS In Exercises 33 and 34, use the given 
information to sketch △LMN and △STU. Mark the 
triangles with the given information.

33. — LM   ⊥  — MN  ,   — ST   ⊥  — TU  ,   — LM   ≅  — NM   ≅  — UT   ≅  — ST   

34. — LM   ⊥  — MN  ,   — ST   ⊥  — TU  ,   — LM   ≅  — ST  ,   — LN   ≅  — SU  

35. CRITICAL THINKING The diagram shows the light 
created by two spotlights. Both spotlights are the 
same distance from the stage.

A CD G F

EB

 a. Show that △ABD ≅ △CBD. State which theorem 
or postulate you used and explain your reasoning.

 b. Are all four right triangles shown in the diagram 
congruent? Explain your reasoning.

 36. MATHEMATICAL CONNECTIONS Find all values of x 
that make the triangles congruent. Explain.

A
B

D
C 3x +  10

4x +  3
5x

5x − 2

Maintaining Mathematical ProficiencyMaintaining Mathematical Proficiency
Use the congruent triangles. (Section 5.2)

 37. Name the segment in △DEF that is congruent to  — AC  .

 38. Name the segment in △ABC that is congruent to  — EF  .

 39. Name the angle in △DEF that is congruent to ∠B.

 40. Name the angle in △ABC that is congruent to ∠F.

Reviewing what you learned in previous grades and lessons

A

B C F E

D
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ANSWERS
 25. congruent
26. not congruent
27. congruent
28. not congruent
 29. yes; Use the string to compare the 

lengths of the corresponding sides 
of the two triangles to determine 
whether SSS Congruence Theorem 
(Thm. 5.8) applies.

 30–40. See Additional Answers.

If students need help... If students got it...

Resources by Chapter
• Practice A and Practice B
• Puzzle Time

Resources by Chapter
• Enrichment and Extension
• Cumulative Review

Student Journal 
• Practice Start the next Section

Differentiating the Lesson
Skills Review Handbook

Mini-Assessment

Decide whether the statement is true. 
Explain your reasoning.

1. △ABC ≅ △DEF 

B

C
D

E

F
A

 Yes, HL ≅ Theorem (Thm. 5.9)

2. △WXY ≅ △YZW 

Z

Y

X

W

 Yes, SSS ≅ Theorem (Thm. 5.8)

3. △ABC ≅ △FED 

A

CB

D E

F

  No, the HL ≅ Theorem (Thm. 5.9) 
applies only to right triangles, and 
the measures of ∠B and ∠E are 
not known.
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5.1–5.4 Quiz

Find the measure of the exterior angle. (Section 5.1)

 1. 

30° x°

80°
 2. y°(5x +  2)°

6x°

 3. 

Identify all pairs of congruent corresponding parts. Then write another congruence 
statement for the polygons. (Section 5.2)

 4. △ABC ≅ △DEF 5. QRST ≅ WXYZ

A

B

C

F

E

D

 

Q
R Y

Z

W
XS

T

Decide whether enough information is given to prove that the triangles are congruent using the 
SAS Congruence Theorem (Thm. 5.5). If so, write a proof. If not, explain why. (Section 5.3)

 6. △CAD, △CBD 7. △GHF, △KHJ 8. △LMP, △NMP

C D

B

A  

J

K

HF

G  

P

NL

M

Copy and complete the statement. State which theorem you used. (Section 5.4)

 9. If VW ≅ WX, then ∠___ ≅ ∠___. 10. If XZ ≅ XY, then ∠___ ≅ ∠___.

 11. If ∠ZVX ≅ ∠ZXV, then ___ ≅ ___. 12. If ∠XYZ ≅ ∠ZXY, then ___ ≅ ___.

Find the values of x  and y. (Section 5.2 and Section 5.4)

 13. △DEF ≅ △QRS 14. 

24

5x − 1

6y°

 15. In a right triangle, the measure of one acute angle is 4 times the difference of the 
measure of the other acute angle and 5. Find the measure of each acute angle in 
the triangle. (Section 5.1)

 16.  The fi gure shows a stained glass window. (Section 5.1 and Section 5.3)

a. Classify triangles 1–4 by their angles.

b. Classify triangles 4–6 by their sides.

c. Is there enough information given to prove that △7 ≅ △8? If so, label the vertices 
and write a proof. If not, determine what additional information is needed.

(12x +  26)°(15x +  34)°

29°

YZV

XW

D

E F Q

RS

29°

123°
(5y − 7) ft

(2x +  2)°

38 ft

1

2 3 4

7

5

6

8

hs_geo_pe_05mc.indd   260 1/19/15   10:21 AM

ANSWERS
1. 110°
2. 138°
3. 139°
4. corresponding sides:  — AB   ≅  — DE  ,

 — BC   ≅  — EF  ,   — AC   ≅  — DF  ; 
corresponding Angles: ∠A ≅ ∠D, 
∠B ≅ ∠E, ∠C ≅ ∠F; Sample 
answer: △CAB ≅ △FDE

 5. corresponding sides:  — QR   ≅  — WX  ,
 — RS   ≅  — XY  ,  — ST  ≅  — YZ ,  — QT  ≅  — WZ ; 
corresponding angles: ∠Q ≅ ∠W, 
∠R ≅ ∠X, ∠S ≅ ∠Y, ∠T ≅ ∠Z; 
Sample answer: RSTQ ≅ XYZW

 6. no; The congruent angles are not the 
included angle.

 7–8. See Additional Answers.
 9. ∠WVX, ∠WXV; Base Angles 

Theorem (Thm. 5.6)
 10. ∠XZY, ∠XYZ; Base Angles Theorem 

(Thm. 5.6)
 11.  — ZV  ,  — ZX  ; Converse of the Base Angles 

Theorem (Thm. 5.7)
 12.  — ZX  ,  — ZY  ; Converse of the Base Angles 

Theorem (Thm. 5.7)
 13. x =  13, y =  9
 14. x =  5, y =  20
 15. 22°, 68°
 16. a. right, obtuse, acute, equiangular
  b. equilateral, scalene, isosceles
  c. See Additional Answers.

hscc_geo_te_05mc.indd   260hscc_geo_te_05mc.indd   260 2/12/15   3:00 PM2/12/15   3:00 PM

260 Chapter 5

260 Chapter 5  Congruent Triangles

5.1–5.4 Quiz

Find the measure of the exterior angle. (Section 5.1)

 1. 

30° x°

80°
 2. y°(5x +  2)°

6x°

 3. 

Identify all pairs of congruent corresponding parts. Then write another congruence 
statement for the polygons. (Section 5.2)

 4. △ABC ≅ △DEF 5. QRST ≅ WXYZ

A

B

C

F

E

D

 

Q
R Y

Z

W
XS

T

Decide whether enough information is given to prove that the triangles are congruent using the 
SAS Congruence Theorem (Thm. 5.5). If so, write a proof. If not, explain why. (Section 5.3)

 6. △CAD, △CBD 7. △GHF, △KHJ 8. △LMP, △NMP

C D

B

A  

J

K

HF

G  

P

NL

M

Copy and complete the statement. State which theorem you used. (Section 5.4)

 9. If VW ≅ WX, then ∠___ ≅ ∠___. 10. If XZ ≅ XY, then ∠___ ≅ ∠___.

 11. If ∠ZVX ≅ ∠ZXV, then ___ ≅ ___. 12. If ∠XYZ ≅ ∠ZXY, then ___ ≅ ___.

Find the values of x  and y. (Section 5.2 and Section 5.4)

 13. △DEF ≅ △QRS 14. 

24

5x − 1

6y°

 15. In a right triangle, the measure of one acute angle is 4 times the difference of the 
measure of the other acute angle and 5. Find the measure of each acute angle in 
the triangle. (Section 5.1)

 16.  The fi gure shows a stained glass window. (Section 5.1 and Section 5.3)

a. Classify triangles 1–4 by their angles.

b. Classify triangles 4–6 by their sides.

c. Is there enough information given to prove that △7 ≅ △8? If so, label the vertices 
and write a proof. If not, determine what additional information is needed.

(12x +  26)°(15x +  34)°

29°

YZV

XW

D

E F Q

RS

29°

123°
(5y − 7) ft

(2x +  2)°

38 ft

1

2 3 4

7

5

6

8

hs_geo_pe_05mc.indd   260 1/19/15   10:21 AM

ANSWERS
1. 110°
2. 138°
3. 139°
4. corresponding sides:  — AB   ≅  — DE  ,

 — BC   ≅  — EF  ,   — AC   ≅  — DF  ; 
corresponding Angles: ∠A ≅ ∠D, 
∠B ≅ ∠E, ∠C ≅ ∠F; Sample 
answer: △CAB ≅ △FDE

 5. corresponding sides:  — QR   ≅  — WX  ,
 — RS   ≅  — XY  ,  — ST  ≅  — YZ ,  — QT  ≅  — WZ ; 
corresponding angles: ∠Q ≅ ∠W, 
∠R ≅ ∠X, ∠S ≅ ∠Y, ∠T ≅ ∠Z; 
Sample answer: RSTQ ≅ XYZW

 6. no; The congruent angles are not the 
included angle.

 7–8. See Additional Answers.
 9. ∠WVX, ∠WXV; Base Angles 

Theorem (Thm. 5.6)
 10. ∠XZY, ∠XYZ; Base Angles Theorem 

(Thm. 5.6)
 11.  — ZV  ,  — ZX  ; Converse of the Base Angles 

Theorem (Thm. 5.7)
 12.  — ZX  ,  — ZY  ; Converse of the Base Angles 

Theorem (Thm. 5.7)
 13. x =  13, y =  9
 14. x =  5, y =  20
 15. 22°, 68°
 16. a. right, obtuse, acute, equiangular
  b. equilateral, scalene, isosceles
  c. See Additional Answers.

hscc_geo_te_05mc.indd   260hscc_geo_te_05mc.indd   260 2/12/15   3:00 PM2/12/15   3:00 PM



 
SIDE-ANGLE-SIDE CONGRUENCE THEOREM  “SAS”   (5.3) 
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. 
 

 
 
PRACTICE 
Name the included angle in between the pair of sides 

 
 

1.     2.  
 
Decide whether there is enough information to prove that the triangles are congruent using the SAS 
Congruent Theorem. 
 

1.   2.   3.   
 
 
PROVING TRIANGLE CONGRUENCE VIA SAS 

 
Statement    Reason 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
 
  
 

246 Chapter 5

246 Chapter 5  Congruent Triangles

5.3 Lesson

 Side-Angle-Side (SAS) Congruence Theorem

Given  — AB   ≅  — DE  , ∠A ≅ ∠D,   — AC   ≅  — DF  

Prove △ABC ≅ △DEF

First, translate △ABC so that point A maps to point D, as shown below.

A

B

C D

E

F

B′

C′
D

E

F

This translation maps △ABC to △DB′C′. Next, rotate △DB′C′ counterclockwise 
through ∠C′DF so that the image of  $$$$⃗ DC′  coincides with  $$$⃗ DF , as shown below.

B′

B″
C′

D

E

F
D

E

F

Because   — DC′   ≅  — DF  , the rotation maps point C′ to point F. So, this rotation maps 
△DB′C′ to △DB″F. Now, refl ect △DB″F in the line through points D and F, as 
shown below.

B″
D D

E E

F F

Because points D and F lie on  ⃖ $$⃗ DF , this refl ection maps them onto themselves. Because
a refl ection preserves angle measure and ∠B″DF ≅ ∠EDF, the refl ection maps  $$$$⃗ DB″  
to  $$$⃗ DE . Because  — DB″   ≅  — DE  , the refl ection maps point B″ to point E. So, this refl ection 
maps △DB″F to △DEF.

Because you can map △ABC to △DEF using a composition of rigid motions, 
△ABC ≅ △DEF.

Previous
congruent fi gures
rigid motion

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 5.5 Side-Angle-Side (SAS) Congruence Theorem
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.

If  — AB   ≅  — DE  , ∠A ≅ ∠D, and  — AC   ≅  — DF  ,  

A

B

C D

E

F
then △ABC ≅ △DEF.

Proof p. 246

What You Will LearnWhat You Will Learn
 Use the Side-Angle-Side (SAS) Congruence Theorem.

 Solve real-life problems.

Using the Side-Angle-Side Congruence Theorem

A

B

C D

E

F

STUDY TIP
The included angle of 
two sides of a triangle is 
the angle formed by the 
two sides.
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Differentiated Instruction

Auditory/Visual
Point out that to use the SAS 
Congruence Theorem (Thm. 5.5), the 
congruent angles must be included 
between the pairs of corresponding 
congruent sides. The abbreviation 
SAS illustrates that fact by placing the 
letter A between the two S’s.

Teacher ActionsTeacher ActionsLaurie’s Notes
• The Side-Angle-Side (SAS) Congruence Theorem should make sense following the exploration. 

Draw the diagram of the two triangles as shown. Mark the triangles.
• Turn and Talk: “How could you use a composition of rigid motions to map △ABC to △DEF?” 

After partners have discussed, solicit ideas. Students will likely suggest a translation, rotation, 
and then reflection.

• MP5 and Teaching Tip: Construct a similar image using construction software. Perform the 
steps in the proof as students suggest them.
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Exercises5.3

In Exercises 3–8, name the included angle between the 
pair of sides given.

K P

LJ

 3. — JK   and  — KL   4.  — PK   and  — LK  

 5.  — LP   and  — LK   6.  — JL   and  — JK  

 7.  — KL   and  — JL   8.  — KP   and  — PL   

In Exercises 9–14, decide whether enough information 
is given to prove that the triangles are congruent using 
the SAS Congruence Theorem (Theorem 5.5). Explain.

 9. △ABD, △CDB 10. △LMN, △NQP

 

A D

CB  

L M

N
Q

P

 11. △YXZ, △WXZ 12. △QRV, △TSU

W X Y

Z

 Q V U T

SR

 13. △EFH, △GHF 14. △KLM, △MNK

G H

EF

 N M

LK

In Exercises 15–18, write a proof. (See Example 1.)

15. Given  — PQ   bisects ∠SPT,  — SP   ≅  — TP  

Prove △SPQ ≅ △TPQ

Q

T

P

S

16. Given  — AB   ≅  — CD  ,  — AB   #  — CD  

Prove △ABC ≅ △CDA

A D

CB

1

2

17. Given C is the midpoint of  — AE   and  — BD  .

  Prove △ABC ≅ △EDC 

A

D

E
C

B

 18. Given  — PT   ≅  — RT  ,  — QT   ≅  — ST   

  Prove △PQT ≅ △RST

P Q

RS

T

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

 1. WRITING What is an included angle?

 2. COMPLETE THE SENTENCE If two sides and the included angle of one triangle are congruent to 
two sides and the included angle of a second triangle, then ___________.

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

Dynamic Solutions available at BigIdeasMath.com
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ANSWERS
 1. an angle formed by two sides
 2. the two triangles are congruent
 3. ∠JKL

4. ∠PKL
 5. ∠KLP
 6. ∠KJL
 7. ∠JLK
 8. ∠KPL
 9. no; The congruent angles are not the 

included angles.
 10. yes; Two pairs of sides and the 

included angles are congruent.
 11. no; One of the congruent angles is 

not the included angle.
 12. no; The congruent angles are not the 

included angles.
 13. yes; Two pairs of sides and the 

included angles are congruent.
 14. no; ∠NKM and ∠KML are congruent 

by the Alternate Interior Angles 
Theorem (Thm. 3.2) but they are not 
the included angles.

 15–18. See Additional Answers.

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–15 odd, 19, 25, 26, 30, 
32–35
Average: 1, 2, 8–24 even, 25, 26, 29, 
30, 32–35
Advanced: 1, 2, 10–24 even, 25–35

HOMEWORK CHECK

Basic: 3, 9, 11, 15, 19
Average: 10, 16, 22, 24, 26
Advanced: 14, 16, 22, 26, 29
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Exercises5.3

In Exercises 3–8, name the included angle between the 
pair of sides given.
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 5.  — LP   and  — LK   6.  — JL   and  — JK  

 7.  — KL   and  — JL   8.  — KP   and  — PL   

In Exercises 9–14, decide whether enough information 
is given to prove that the triangles are congruent using 
the SAS Congruence Theorem (Theorem 5.5). Explain.

 9. △ABD, △CDB 10. △LMN, △NQP

 

A D
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 11. △YXZ, △WXZ 12. △QRV, △TSU

W X Y

Z

 Q V U T

SR

 13. △EFH, △GHF 14. △KLM, △MNK

G H

EF

 N M

LK

In Exercises 15–18, write a proof. (See Example 1.)

15. Given  — PQ   bisects ∠SPT,  — SP   ≅  — TP  

Prove △SPQ ≅ △TPQ

Q

T

P

S

16. Given  — AB   ≅  — CD  ,  — AB   #  — CD  

Prove △ABC ≅ △CDA

A D

CB

1

2

17. Given C is the midpoint of  — AE   and  — BD  .

  Prove △ABC ≅ △EDC 

A

D

E
C

B

 18. Given  — PT   ≅  — RT  ,  — QT   ≅  — ST   

  Prove △PQT ≅ △RST

P Q

RS

T
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ANSWERS
 1. an angle formed by two sides
 2. the two triangles are congruent
 3. ∠JKL

4. ∠PKL
 5. ∠KLP
 6. ∠KJL
 7. ∠JLK
 8. ∠KPL
 9. no; The congruent angles are not the 

included angles.
 10. yes; Two pairs of sides and the 

included angles are congruent.
 11. no; One of the congruent angles is 

not the included angle.
 12. no; The congruent angles are not the 

included angles.
 13. yes; Two pairs of sides and the 

included angles are congruent.
 14. no; ∠NKM and ∠KML are congruent 

by the Alternate Interior Angles 
Theorem (Thm. 3.2) but they are not 
the included angles.

 15–18. See Additional Answers.
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In Exercises 3–8, name the included angle between the 
pair of sides given.
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In Exercises 9–14, decide whether enough information 
is given to prove that the triangles are congruent using 
the SAS Congruence Theorem (Theorem 5.5). Explain.
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In Exercises 15–18, write a proof. (See Example 1.)

15. Given  — PQ   bisects ∠SPT,  — SP   ≅  — TP  

Prove △SPQ ≅ △TPQ

Q

T
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S

16. Given  — AB   ≅  — CD  ,  — AB   #  — CD  

Prove △ABC ≅ △CDA
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CB

1

2

17. Given C is the midpoint of  — AE   and  — BD  .

  Prove △ABC ≅ △EDC 
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 18. Given  — PT   ≅  — RT  ,  — QT   ≅  — ST   
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included angles.
 10. yes; Two pairs of sides and the 
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not the included angle.
 12. no; The congruent angles are not the 

included angles.
 13. yes; Two pairs of sides and the 
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Exercises5.3

In Exercises 3–8, name the included angle between the 
pair of sides given.
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In Exercises 9–14, decide whether enough information 
is given to prove that the triangles are congruent using 
the SAS Congruence Theorem (Theorem 5.5). Explain.
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In Exercises 15–18, write a proof. (See Example 1.)

15. Given  — PQ   bisects ∠SPT,  — SP   ≅  — TP  

Prove △SPQ ≅ △TPQ

Q
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16. Given  — AB   ≅  — CD  ,  — AB   #  — CD  

Prove △ABC ≅ △CDA
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CB
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17. Given C is the midpoint of  — AE   and  — BD  .

  Prove △ABC ≅ △EDC 
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 18. Given  — PT   ≅  — RT  ,  — QT   ≅  — ST   
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Exercises5.3

In Exercises 3–8, name the included angle between the 
pair of sides given.
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In Exercises 9–14, decide whether enough information 
is given to prove that the triangles are congruent using 
the SAS Congruence Theorem (Theorem 5.5). Explain.
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In Exercises 15–18, write a proof. (See Example 1.)

15. Given  — PQ   bisects ∠SPT,  — SP   ≅  — TP  

Prove △SPQ ≅ △TPQ
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Prove △ABC ≅ △CDA
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17. Given C is the midpoint of  — AE   and  — BD  .
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In Exercises 15–18, write a proof. (See Example 1.)

15. Given  — PQ   bisects ∠SPT,  — SP   ≅  — TP  

Prove △SPQ ≅ △TPQ
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Prove △ABC ≅ △CDA

A D

CB

1

2

17. Given C is the midpoint of  — AE   and  — BD  .

  Prove △ABC ≅ △EDC 

A

D

E
C

B

 18. Given  — PT   ≅  — RT  ,  — QT   ≅  — ST   

  Prove △PQT ≅ △RST

P Q

RS

T

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

 1. WRITING What is an included angle?

 2. COMPLETE THE SENTENCE If two sides and the included angle of one triangle are congruent to 
two sides and the included angle of a second triangle, then ___________.

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

Dynamic Solutions available at BigIdeasMath.com

hs_geo_pe_0503.indd   249 1/19/15   10:28 AM

ANSWERS
 1. an angle formed by two sides
 2. the two triangles are congruent
 3. ∠JKL

4. ∠PKL
 5. ∠KLP
 6. ∠KJL
 7. ∠JLK
 8. ∠KPL
 9. no; The congruent angles are not the 

included angles.
 10. yes; Two pairs of sides and the 

included angles are congruent.
 11. no; One of the congruent angles is 

not the included angle.
 12. no; The congruent angles are not the 

included angles.
 13. yes; Two pairs of sides and the 

included angles are congruent.
 14. no; ∠NKM and ∠KML are congruent 

by the Alternate Interior Angles 
Theorem (Thm. 3.2) but they are not 
the included angles.

 15–18. See Additional Answers.

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–15 odd, 19, 25, 26, 30, 
32–35
Average: 1, 2, 8–24 even, 25, 26, 29, 
30, 32–35
Advanced: 1, 2, 10–24 even, 25–35

HOMEWORK CHECK

Basic: 3, 9, 11, 15, 19
Average: 10, 16, 22, 24, 26
Advanced: 14, 16, 22, 26, 29

hscc_geo_te_0503.indd   249hscc_geo_te_0503.indd   249 2/12/15   3:02 PM2/12/15   3:02 PM

 Section 5.3 247

 Section 5.3  Proving Triangle Congruence by SAS 247

 Using the SAS Congruence Theorem

Write a proof.

Given  — BC   ≅  — DA  ,  — BC   "  — AD  

Prove △ ABC ≅ △ CDA

SOLUTION

STATEMENTS REASONS

S 1.  — BC   ≅  — DA  1. Given

 2.  — BC   "  — AD  2. Given

A 3. ∠BCA ≅ ∠DAC 3. Alternate Interior Angles Theorem (Thm. 3.2)

S 4.  — AC   ≅  — CA  4. Refl exive Property of Congruence (Thm. 2.1)

 5. △ ABC ≅ △ CDA 5. SAS Congruence Theorem

 Using SAS and Properties of Shapes

In the diagram,  — QS   and  — RP   pass through the center M of the circle. What can you 
conclude about △ MRS and △ MPQ?

S

R P

Q

M

SOLUTION
Because they are vertical angles, ∠PMQ ≅ ∠RMS. All points on a circle are the same 
distance from the center, so  — MP  ,  — MQ  ,  — MR  , and  — MS   are all congruent. 

 So, △ MRS and △ MPQ are congruent by the SAS Congruence Theorem.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

In the diagram, ABCD is a square with four congruent sides and four right 
angles. R, S, T, and U are the midpoints of the sides of ABCD. Also,   — RT   ⊥   — SU   
and  — SV   ≅  — VU  .

CB S

DA

V
T

U

R

 1. Prove that △ SVR ≅ △ UVR.

 2. Prove that △ BSR ≅ △ DUT. 

STUDY TIP
Make your proof easier 
to read by identifying the 
steps where you show 
congruent sides (S) and 
angles (A).

A D

CB
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MONITORING PROGRESS 
ANSWERS
 1–2. See Additional Answers.

Extra Example 1
Write a proof.
Given B is the midpoint of   — AD  . ∠ABC 
and ∠DBC are right angles.
Prove △ ABC ≅ △ DBC

C

DBA

Statements (Reasons)
1.  B is the midpoint of   — AD  . (Given)
2.   — AB   ≅   — BD   (Def. of midpoint)
3.   ∠ABC and ∠DBC are right angles. 

(Given)
4.   ∠ABC ≅ ∠DBC

(Right ∠ s ≅ Thm. 2.3)
5.   — BC  ≅   — BC   (Reflex. Prop. ≅ Thm. 2.1)
6.  △ ABC ≅ △ DBC (SAS ≅ Thm. 5.5)

Extra Example 2
What can you conclude about △ PTS and 
△ RTQ?

P

Q
R

S

T

Because they are vertical angles, 
∠PTS ≅ ∠RTQ. So, △ PTS ≅ △ RTQ by 
the SAS Congruence Theorem (Thm. 5.5).

Teacher ActionsTeacher ActionsLaurie’s Notes
• Pose Example 1. Have students mark their diagrams with known information or information that 

can be concluded from given information.
• Work through the proof as shown. Compare and contrast this synthetic, two-column proof with 

the transformational proof on page 246.
• MP3: The solution in Example 2 is a paragraph style proof. Valid reasoning outlines how to 

show that the triangles are congruent.
• Response Logs: Select from “I made progress with …” or “I got stuck ….”
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HW5.3; 1, 2, 3-15odd, 23 
__________________________________________________________________________________ 
PROVING TRIANGLE CONGRUENCE BY SSS (5.5) 
 
SIDE-SIDE-SIDE CONGRUENCE THEOREM 
If three sides of one triangle are congruent to three sides of a second triangle, then the two triangles are 
congruent. 
 

   
 
 
WARM UP:  PROVING TRIANGLE CONGRUENCE VIA SSS CONGRUENCE THEOREM 

   
Statement    Reason 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
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Exercises5.3

In Exercises 3–8, name the included angle between the 
pair of sides given.

K P

LJ

 3. — JK   and  — KL   4.  — PK   and  — LK  

 5.  — LP   and  — LK   6.  — JL   and  — JK  

 7.  — KL   and  — JL   8.  — KP   and  — PL   

In Exercises 9–14, decide whether enough information 
is given to prove that the triangles are congruent using 
the SAS Congruence Theorem (Theorem 5.5). Explain.

 9. △ABD, △CDB 10. △LMN, △NQP

 

A D

CB  

L M

N
Q

P

 11. △YXZ, △WXZ 12. △QRV, △TSU

W X Y

Z

 Q V U T

SR

 13. △EFH, △GHF 14. △KLM, △MNK

G H

EF

 N M

LK

In Exercises 15–18, write a proof. (See Example 1.)

15. Given  — PQ   bisects ∠SPT,  — SP   ≅  — TP  

Prove △SPQ ≅ △TPQ

Q

T

P

S

16. Given  — AB   ≅  — CD  ,  — AB   #  — CD  

Prove △ABC ≅ △CDA

A D

CB

1

2

17. Given C is the midpoint of  — AE   and  — BD  .

  Prove △ABC ≅ △EDC 

A

D

E
C

B

 18. Given  — PT   ≅  — RT  ,  — QT   ≅  — ST   

  Prove △PQT ≅ △RST

P Q

RS

T

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

 1. WRITING What is an included angle?

 2. COMPLETE THE SENTENCE If two sides and the included angle of one triangle are congruent to 
two sides and the included angle of a second triangle, then ___________.

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

Dynamic Solutions available at BigIdeasMath.com
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ANSWERS
 1. an angle formed by two sides
 2. the two triangles are congruent
 3. ∠JKL

4. ∠PKL
 5. ∠KLP
 6. ∠KJL
 7. ∠JLK
 8. ∠KPL
 9. no; The congruent angles are not the 

included angles.
 10. yes; Two pairs of sides and the 

included angles are congruent.
 11. no; One of the congruent angles is 

not the included angle.
 12. no; The congruent angles are not the 

included angles.
 13. yes; Two pairs of sides and the 

included angles are congruent.
 14. no; ∠NKM and ∠KML are congruent 

by the Alternate Interior Angles 
Theorem (Thm. 3.2) but they are not 
the included angles.

 15–18. See Additional Answers.

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–15 odd, 19, 25, 26, 30, 
32–35
Average: 1, 2, 8–24 even, 25, 26, 29, 
30, 32–35
Advanced: 1, 2, 10–24 even, 25–35

HOMEWORK CHECK

Basic: 3, 9, 11, 15, 19
Average: 10, 16, 22, 24, 26
Advanced: 14, 16, 22, 26, 29
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5.5 Lesson

 Side-Side-Side (SSS) Congruence Theorem

Given  — AB   ≅  — DE  ,   — BC   ≅  — EF  ,   — AC   ≅  — DF    

Prove △ABC ≅ △DEF

First, translate △ABC so that point A maps to point D, as shown below.

A D F

EB

C

B′

C′
D

E

F

This translation maps △ABC to △DB′C′. Next, rotate △DB′C′ counterclockwise 
through ∠C′DF so that the image of  $$$$⃗ DC′  coincides with  $$$⃗ DF , as shown below.

B′

B″

C′
D

D

E E

F F

Because  — DC′   ≅  — DF  , the rotation maps point C′ to point F. So, this rotation maps 
△DB′C′ to △DB″F. Draw an auxiliary line through points E and B″. This line creates 
∠1, ∠2, ∠3, and ∠4, as shown at the left.

Because  — DE   ≅  — DB″  , △DEB″ is an isosceles triangle. Because  — FE   ≅  — FB″  , △FEB″ 
is an isosceles triangle. By the Base Angles Theorem (Thm. 5.6), ∠1 ≅ ∠3 and 
∠2 ≅ ∠4. By the defi nition of congruence, m∠1 = m∠3 and m∠2 = m∠4. By 
construction, m∠DEF = m∠1 + m∠2 and m∠DB″F = m∠3 + m∠4. You can now 
use the Substitution Property of Equality to show m∠DEF = m∠DB″F.

m∠DEF = m∠1 + m∠2 Angle Addition Postulate (Postulate 1.4)

= m∠3 + m∠4 Substitute m∠3 for m∠1 and m∠4 for m∠2.

= m∠DB″F Angle Addition Postulate (Postulate 1.4)

By the defi nition of congruence, ∠DEF ≅ ∠DB″F. So, two pairs of sides and their 
included angles are congruent. By the SAS Congruence Theorem (Thm. 5.5), 
△DB″F ≅ △DEF. So, a composition of rigid motions maps △DB″F to △DEF. 
Because a composition of rigid motions maps △ABC to △DB″F and a composition of 
rigid motions maps △DB″F to △DEF, a composition of rigid motions maps △ABC to 
△DEF. So, △ABC ≅ △DEF.

legs, p. 264
hypotenuse, p. 264

Previous
congruent fi gures
rigid motion

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 5.8 Side-Side-Side (SSS) Congruence Theorem
If three sides of one triangle are congruent to three sides of a second triangle, 
then the two triangles are congruent.

If  — AB   ≅  — DE  ,  — BC   ≅  — EF  , and   — AC   ≅  — DF  , 
then △ABC ≅ △DEF.

What You Will LearnWhat You Will Learn
 Use the Side-Side-Side (SSS) Congruence Theorem.

 Use the Hypotenuse-Leg (HL) Congruence Theorem.

Using the Side-Side-Side Congruence Theorem

A D F

EB

C

A D F

EB

C

1
2

3
4

B″

D

E

F
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Differentiated Instruction

Inclusion
Remind students that the sides of 
a triangle are segments. Segments 
can be congruent when their lengths 
are equal. Likewise, the angles in a 
triangle are congruent when their 
measures are equal. Point out that the 
SAS and SSS Congruence Theorems 
require that pairs of congruent 
corresponding parts be identified. This 
will help students when proving the 
congruence of two triangles.

Teacher ActionsTeacher ActionsLaurie’s Notes
• The Side-Side-Side (SSS) Congruence Theorem should make sense following the exploration. 

Discuss the first few steps in the proof.
COMMON ERROR Once △ABC has been translated and rotated, students want to reflect △DB”F 
onto △DEF. Because no relationship is known about the angles yet, △DB”F would map onto △DEF 
only if SSS was a valid congruence method, but that is what we are proving and that would be 
circular reasoning. Work through the remaining steps of the proof as shown.
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 Side-Side-Side (SSS) Congruence Theorem

Given  — AB   ≅  — DE  ,   — BC   ≅  — EF  ,   — AC   ≅  — DF    

Prove △ABC ≅ △DEF

First, translate △ABC so that point A maps to point D, as shown below.

A D F

EB

C

B′

C′
D

E

F

This translation maps △ABC to △DB′C′. Next, rotate △DB′C′ counterclockwise 
through ∠C′DF so that the image of  $$$$⃗ DC′  coincides with  $$$⃗ DF , as shown below.

B′

B″

C′
D

D

E E

F F

Because  — DC′   ≅  — DF  , the rotation maps point C′ to point F. So, this rotation maps 
△DB′C′ to △DB″F. Draw an auxiliary line through points E and B″. This line creates 
∠1, ∠2, ∠3, and ∠4, as shown at the left.

Because  — DE   ≅  — DB″  , △DEB″ is an isosceles triangle. Because  — FE   ≅  — FB″  , △FEB″ 
is an isosceles triangle. By the Base Angles Theorem (Thm. 5.6), ∠1 ≅ ∠3 and 
∠2 ≅ ∠4. By the defi nition of congruence, m∠1 = m∠3 and m∠2 = m∠4. By 
construction, m∠DEF = m∠1 + m∠2 and m∠DB″F = m∠3 + m∠4. You can now 
use the Substitution Property of Equality to show m∠DEF = m∠DB″F.

m∠DEF = m∠1 + m∠2 Angle Addition Postulate (Postulate 1.4)

= m∠3 + m∠4 Substitute m∠3 for m∠1 and m∠4 for m∠2.

= m∠DB″F Angle Addition Postulate (Postulate 1.4)

By the defi nition of congruence, ∠DEF ≅ ∠DB″F. So, two pairs of sides and their 
included angles are congruent. By the SAS Congruence Theorem (Thm. 5.5), 
△DB″F ≅ △DEF. So, a composition of rigid motions maps △DB″F to △DEF. 
Because a composition of rigid motions maps △ABC to △DB″F and a composition of 
rigid motions maps △DB″F to △DEF, a composition of rigid motions maps △ABC to 
△DEF. So, △ABC ≅ △DEF.

legs, p. 264
hypotenuse, p. 264

Previous
congruent fi gures
rigid motion

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 5.8 Side-Side-Side (SSS) Congruence Theorem
If three sides of one triangle are congruent to three sides of a second triangle, 
then the two triangles are congruent.

If  — AB   ≅  — DE  ,  — BC   ≅  — EF  , and   — AC   ≅  — DF  , 
then △ABC ≅ △DEF.

What You Will LearnWhat You Will Learn
 Use the Side-Side-Side (SSS) Congruence Theorem.

 Use the Hypotenuse-Leg (HL) Congruence Theorem.

Using the Side-Side-Side Congruence Theorem

A D F

EB

C

A D F
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C

1
2

3
4

B″

D

E

F
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Differentiated Instruction

Inclusion
Remind students that the sides of 
a triangle are segments. Segments 
can be congruent when their lengths 
are equal. Likewise, the angles in a 
triangle are congruent when their 
measures are equal. Point out that the 
SAS and SSS Congruence Theorems 
require that pairs of congruent 
corresponding parts be identified. This 
will help students when proving the 
congruence of two triangles.

Teacher ActionsTeacher ActionsLaurie’s Notes
• The Side-Side-Side (SSS) Congruence Theorem should make sense following the exploration. 

Discuss the first few steps in the proof.
COMMON ERROR Once △ABC has been translated and rotated, students want to reflect △DB”F 
onto △DEF. Because no relationship is known about the angles yet, △DB”F would map onto △DEF 
only if SSS was a valid congruence method, but that is what we are proving and that would be 
circular reasoning. Work through the remaining steps of the proof as shown.
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 Using the SSS Congruence Theorem

Write a proof.

Given  — KL   ≅  — NL  ,   — KM   ≅  — NM   

Prove △KLM ≅ △NLM

SOLUTION

STATEMENTS REASONS

S 1.  — KL   ≅   — NL  1. Given

S 2.  — KM   ≅   — NM  2. Given

S 3.  — LM   ≅   — LM  3. Refl exive Property of Congruence (Thm. 2.1)

 4. △KLM ≅ △NLM 4. SSS Congruence Theorem

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Decide whether the congruence statement is true. Explain your reasoning.

 1. △DFG ≅ △HJK 2. △ACB ≅ △CAD 3. △QPT ≅ △RST

  

F

D G

J

H K   

C

B

D

A

7

73

9
4

  
Q T R

SP

 

 Solving a Real-Life Problem

Explain why the bench with the diagonal support is stable, while the one without the 
support can collapse.

SOLUTION
The bench with the diagonal support forms triangles with fi xed side lengths. By the 
SSS Congruence Theorem, these triangles cannot change shape, so the bench is stable. 
The bench without the diagonal support is not stable because there are many possible 
quadrilaterals with the given side lengths.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Determine whether the fi gure is stable. Explain your reasoning.

 4.  5.  6. 

L

M

NK

hs_geo_pe_0505.indd   263 1/19/15   10:30 AM

Extra Example 1
Write a proof.
Given   — PQ   ≅   — RQ  ,  — PS   ≅   — RS  
Prove △PQS ≅ △RQS

S

Q

RP

Statements (Reasons)

1.   — PQ   ≅   — RQ  ,  — PS   ≅   — RS   (Given)
2.   — QS   ≅  — QS   (Reflex. Prop. ≅ Thm. 2.1)
3.  △PQS ≅ △RQS (SSS ≅ Thm. 5.8)

Extra Example 2
Determine whether the hexagon is stable. 
Explain your reasoning. 

A B

CF

DE

AAAA BBB

CC

DDDEEEE

CC

The diagonal supports form two triangles 
and a quadrilateral ACEF. The figure is not 
stable because there are many possible 
quadrilaterals with the given side lengths.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Turn and Talk: Pose Example 1. “What additional information is needed to prove the triangles 

congruent?”
• Think-Pair-Share: Have students answer Questions 1–3, and then share and discuss as a 

class.
• Ask students whether any of them have seen the cross brace that builders use when a wall has 

only the vertical two-by-four studs. The brace prevents the wall from leaning left or right. The 
application in Example 2 is similar.

English Language Learners

Pair Activity
Have one student draw a triangle 
and record the approximate lengths 
of its sides. Then, have the student 
give the lengths of the sides to his or 
her partner. Have the partner draw a 
triangle having the same side lengths, 
and then compare the two triangles. 
Ask students to make a conjecture 
about the relationship between the 
triangles that have three pairs of 
congruent sides.

MONITORING PROGRESS 
ANSWERS
 1. yes; From the diagram markings, 

— DF   ≅  — HJ  ,   — FG   ≅  — JK  , and   — DG   ≅  — HK  . 
So, △DFG ≅ △HJK by the SSS 
Congruence Theorem (Thm. 5.8).

 2–6. See Additional Answers.
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 Using the SSS Congruence Theorem

Write a proof.

Given  — KL   ≅  — NL  ,   — KM   ≅  — NM   

Prove △KLM ≅ △NLM

SOLUTION

STATEMENTS REASONS

S 1.  — KL   ≅   — NL  1. Given

S 2.  — KM   ≅   — NM  2. Given

S 3.  — LM   ≅   — LM  3. Refl exive Property of Congruence (Thm. 2.1)

 4. △KLM ≅ △NLM 4. SSS Congruence Theorem

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Decide whether the congruence statement is true. Explain your reasoning.

 1. △DFG ≅ △HJK 2. △ACB ≅ △CAD 3. △QPT ≅ △RST

  

F

D G

J

H K   

C

B

D

A

7

73

9
4

  
Q T R
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 Solving a Real-Life Problem

Explain why the bench with the diagonal support is stable, while the one without the 
support can collapse.

SOLUTION
The bench with the diagonal support forms triangles with fi xed side lengths. By the 
SSS Congruence Theorem, these triangles cannot change shape, so the bench is stable. 
The bench without the diagonal support is not stable because there are many possible 
quadrilaterals with the given side lengths.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Determine whether the fi gure is stable. Explain your reasoning.

 4.  5.  6. 

L

M

NK
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Extra Example 1
Write a proof.
Given   — PQ   ≅   — RQ  ,  — PS   ≅   — RS  
Prove △PQS ≅ △RQS

S

Q

RP

Statements (Reasons)

1.   — PQ   ≅   — RQ  ,  — PS   ≅   — RS   (Given)
2.   — QS   ≅  — QS   (Reflex. Prop. ≅ Thm. 2.1)
3.  △PQS ≅ △RQS (SSS ≅ Thm. 5.8)

Extra Example 2
Determine whether the hexagon is stable. 
Explain your reasoning. 

A B

CF

DE

AAAA BBB

CC

DDDEEEE

CC

The diagonal supports form two triangles 
and a quadrilateral ACEF. The figure is not 
stable because there are many possible 
quadrilaterals with the given side lengths.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Turn and Talk: Pose Example 1. “What additional information is needed to prove the triangles 

congruent?”
• Think-Pair-Share: Have students answer Questions 1–3, and then share and discuss as a 

class.
• Ask students whether any of them have seen the cross brace that builders use when a wall has 

only the vertical two-by-four studs. The brace prevents the wall from leaning left or right. The 
application in Example 2 is similar.

English Language Learners

Pair Activity
Have one student draw a triangle 
and record the approximate lengths 
of its sides. Then, have the student 
give the lengths of the sides to his or 
her partner. Have the partner draw a 
triangle having the same side lengths, 
and then compare the two triangles. 
Ask students to make a conjecture 
about the relationship between the 
triangles that have three pairs of 
congruent sides.

MONITORING PROGRESS 
ANSWERS
 1. yes; From the diagram markings, 

— DF   ≅  — HJ  ,   — FG   ≅  — JK  , and   — DG   ≅  — HK  . 
So, △DFG ≅ △HJK by the SSS 
Congruence Theorem (Thm. 5.8).

 2–6. See Additional Answers.
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________________________ _____________________ 
HYPOTENUSE-LEG CONGRUENCE THEOREM 
If the hypotenuse and the leg of a right triangle are congruent to the hypotenuse and the leg of a second 
right triangle, then the two triangles are congruent. 
 

   
 
Decide whether there is enough information to prove that the triangles are congruent by HL Congruence 
Theorem. 

1.       2.  
 
 
 
PROVING TRIANGLE CONGRUENCE VIA HL CONGRUENCE THEOREM 

 
Statement    Reason 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
________________________ _____________________ 
 
 
 
 
 
 
HW5.5; 1-9odd; 15, 19, 20 (Skip) 
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Using the Hypotenuse-Leg Congruence Theorem
You know that SAS and SSS are valid methods for proving that triangles are 
congruent. What about SSA?

In general, SSA is not a valid method for proving that triangles are congruent. In the 
triangles below, two pairs of sides and a pair of angles not included between them are 
congruent, but the triangles are not congruent. 

A C D F

EB

While SSA is not valid in general, there is a special case for right triangles.

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.

Step 1 Step 2 Step 3 Step 4

D E D E D E

F

D E

F

Construct a side 
Construct  — DE   so that it is 
congruent to  — AB  .

Draw an arc 
Open your compass to 
the length AC. Use this 
length to draw an arc with 
center D.

Draw an arc 
Draw an arc with radius BC 
and center E that intersects 
the arc from Step 2. Label 
the intersection point F.

Draw a triangle 
Draw △DEF. By the SSS 
Congruence Theorem, 
△ABC ≅ △DEF.

 Copying a Triangle Using SSS

Construct a triangle that is congruent to △ABC using the 
SSS Congruence Theorem. Use a compass and straightedge.

SOLUTION

TheoremTheorem
Theorem 5.9 Hypotenuse-Leg (HL) 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.

If  — AB   ≅  — DE  ,   — AC   ≅  — DF  , and 
m∠C =  m∠F =  90°, then △ABC ≅ △DEF.

Proof Ex. 38, p. 470; BigIdeasMath.com

A B

C

leg

leg
hypotenuse

C B

A

F E

D
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Teacher ActionsTeacher ActionsLaurie’s Notes
 “How could you construct a copy of a triangle using the SSS Congruence Theorem (Thm. 5.8)?” 
Listen for steps shown in the construction.

 Probing Question: “You know that SAS and SSS are two methods for proving triangles 
congruent. Do you think SSA is a valid method?” Answers will vary. Ask students to draw ∠A 
measuring 40°. Construct side   — AB   with length 4 inches. Now construct side   — BC   with length 
3 inches. Two possible triangles can be formed, meaning SSA is not a valid triangle congruence 
method, except for right triangles.

• Discuss the Hypotenuse-Leg (HL) Congruence Theorem.
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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.

Step 1 Step 2 Step 3 Step 4
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Construct a side 
Construct  — DE   so that it is 
congruent to  — AB  .

Draw an arc 
Open your compass to 
the length AC. Use this 
length to draw an arc with 
center D.

Draw an arc 
Draw an arc with radius BC 
and center E that intersects 
the arc from Step 2. Label 
the intersection point F.

Draw a triangle 
Draw △DEF. By the SSS 
Congruence Theorem, 
△ABC ≅ △DEF.

 Copying a Triangle Using SSS

Construct a triangle that is congruent to △ABC using the 
SSS Congruence Theorem. Use a compass and straightedge.

SOLUTION

TheoremTheorem
Theorem 5.9 Hypotenuse-Leg (HL) 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.

If  — AB   ≅  — DE  ,   — AC   ≅  — DF  , and 
m∠C =  m∠F =  90°, then △ABC ≅ △DEF.

Proof Ex. 38, p. 470; BigIdeasMath.com
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Teacher ActionsTeacher ActionsLaurie’s Notes
 “How could you construct a copy of a triangle using the SSS Congruence Theorem (Thm. 5.8)?” 
Listen for steps shown in the construction.

 Probing Question: “You know that SAS and SSS are two methods for proving triangles 
congruent. Do you think SSA is a valid method?” Answers will vary. Ask students to draw ∠A 
measuring 40°. Construct side   — AB   with length 4 inches. Now construct side   — BC   with length 
3 inches. Two possible triangles can be formed, meaning SSA is not a valid triangle congruence 
method, except for right triangles.

• Discuss the Hypotenuse-Leg (HL) Congruence Theorem.
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Exercises5.5 Dynamic Solutions available at BigIdeasMath.com

 1. COMPLETE THE SENTENCE The side opposite the right angle is called the ___________ of the right triangle.

 2.  WHICH ONE DOESN’T BELONG? Which triangle’s legs do not belong with the other three? Explain 
your reasoning.

     

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

In Exercises 3 and 4, decide whether enough 
information is given to prove that the triangles are 
congruent using the SSS Congruence Theorem 
(Theorem 5.8). Explain.

 3. △ABC, △DBE 4. △PQS, △RQS

A B D

EC

 

Q

RP S

In Exercises 5 and 6, decide whether enough 
information is given to prove that the triangles 
are congruent using the HL Congruence Theorem 
(Theorem 5.9). Explain.

 5. △ABC, △FED 6. △PQT, △SRT

A

CB

D E

F

 

SR

QP

T

In Exercises 7–10, decide whether the congruence 
statement is true. Explain your reasoning. 
(See Example 1.)

 7. △RST ≅ △TQP 8. △ABD ≅ △CDB

T PR

S Q

 DA

B C

 9. △DEF ≅ △DGF 10. △JKL ≅ △LJM

E

D

G

F

 L

MJ

K

In Exercises 11 and 12, determine whether the fi gure is 
stable. Explain your reasoning. (See Example 2.)

 11.  12. 

In Exercises 13 and 14, redraw the triangles so they 
are side by side with corresponding parts in the same 
position. Then write a proof. (See Example 3.)

13. Given   — AC   ≅  — BD  , 
 — AB   ⊥  — AD  , 
 — CD   ⊥  — AD  

Prove △BAD ≅ △CDA

14. Given  G is the midpoint 
of  — EH  ,  — FG   ≅  — GI  , 
∠E and ∠H are 
right angles.

Prove △EFG ≅ △HIG

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

HI

FE

G

A B

CD
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ANSWERS
1. hypotenuse

 2. 

This is the only triangle with legs that 
are not the legs of a right triangle.

 3. yes;   — AB   ≅   — DB  ,  — BC   ≅   — BE  ,  — AC   ≅   — DE  
 4. no; You cannot tell for sure from the 

diagram whether or not   — PS   and   — RS   
are congruent.

 5. yes; ∠B and ∠E are right angles,  
 — AB   ≅  — FE  ,   — AC   ≅  — FD  

 6. no; The hypotenuses are not marked 
as congruent. 

 7. no; You are given that   — RS   ≅  — PQ  ,  
 — ST   ≅  — QT  , and   — RT   ≅  — PT  . So, it should 
say △RST ≅ △PQT by the SSS 
Congruence Theorem (Thm. 5.8). 

 8. yes; You are given that   — AB   ≅  — CD   and   
— AD   ≅  — CB  . Also,  — BD   ≅  — BD   by the 
Refl exive Property of Congruence 
(Thm. 2.1). So, △ABD ≅ △CDB by 
the SSS Congruence Theorem 
(Thm. 5.8).

 9. yes; You are given that  — EF  ≅  — GF  and  
— DE  ≅  — DG . Also,  — DF  ≅  — DF  by the 
Refl exive Property of Congruence 
(Thm. 2.1). So, △DEF ≅ △DGF by 
the SSS Congruence Theorem 
(Thm. 5.8).

 10. no; You are given that   — JK   ≅  — KL   ≅  — LM   ≅  — MJ  . Also,   — JL   ≅  — JL   by the 
Refl exive Property of Congruence 
(Thm. 2.1). So, it should say 
△JKL ≅ △LMJ or △JKL ≅ △JML 
by the SSS Congruence Theorem 
(Thm. 5.8).

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–23 odd, 30, 31, 37–40
Average: 1, 2–20 even, 21, 22, 24, 30, 
31, 34, 36–40
Advanced: 1, 2, 10–20 even, 
21, 28–40

HOMEWORK CHECK

Basic: 3, 5, 7, 13, 31
Average: 8, 10, 14, 16, 36
Advanced: 10, 14, 16, 28, 36

 11. yes; The diagonal supports in this fi gure 
form triangles with fi xed side lengths. By the 
SSS Congruence Theorem (Thm. 5.8), these 
triangles cannot change shape, so the fi gure 
is stable.

 12. no; The support in this fi gure forms two 
quadrilaterals, which are not stable because 
there are many possible quadrilaterals with 
the given side lengths.

 13–14. See Additional Answers.
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Exercises5.5 Dynamic Solutions available at BigIdeasMath.com
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 2.  WHICH ONE DOESN’T BELONG? Which triangle’s legs do not belong with the other three? Explain 
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Vocabulary and Core Concept CheckVocabulary and Core Concept Check

In Exercises 3 and 4, decide whether enough 
information is given to prove that the triangles are 
congruent using the SSS Congruence Theorem 
(Theorem 5.8). Explain.

 3. △ABC, △DBE 4. △PQS, △RQS
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In Exercises 5 and 6, decide whether enough 
information is given to prove that the triangles 
are congruent using the HL Congruence Theorem 
(Theorem 5.9). Explain.
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In Exercises 7–10, decide whether the congruence 
statement is true. Explain your reasoning. 
(See Example 1.)

 7. △RST ≅ △TQP 8. △ABD ≅ △CDB
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In Exercises 11 and 12, determine whether the fi gure is 
stable. Explain your reasoning. (See Example 2.)

 11.  12. 

In Exercises 13 and 14, redraw the triangles so they 
are side by side with corresponding parts in the same 
position. Then write a proof. (See Example 3.)

13. Given   — AC   ≅  — BD  , 
 — AB   ⊥  — AD  , 
 — CD   ⊥  — AD  

Prove △BAD ≅ △CDA

14. Given  G is the midpoint 
of  — EH  ,  — FG   ≅  — GI  , 
∠E and ∠H are 
right angles.

Prove △EFG ≅ △HIG
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ANSWERS
1. hypotenuse

 2. 

This is the only triangle with legs that 
are not the legs of a right triangle.

 3. yes;   — AB   ≅   — DB  ,  — BC   ≅   — BE  ,  — AC   ≅   — DE  
 4. no; You cannot tell for sure from the 

diagram whether or not   — PS   and   — RS   
are congruent.

 5. yes; ∠B and ∠E are right angles,  
 — AB   ≅  — FE  ,   — AC   ≅  — FD  

 6. no; The hypotenuses are not marked 
as congruent. 

 7. no; You are given that   — RS   ≅  — PQ  ,  
 — ST   ≅  — QT  , and   — RT   ≅  — PT  . So, it should 
say △RST ≅ △PQT by the SSS 
Congruence Theorem (Thm. 5.8). 

 8. yes; You are given that   — AB   ≅  — CD   and   
— AD   ≅  — CB  . Also,  — BD   ≅  — BD   by the 
Refl exive Property of Congruence 
(Thm. 2.1). So, △ABD ≅ △CDB by 
the SSS Congruence Theorem 
(Thm. 5.8).

 9. yes; You are given that  — EF  ≅  — GF  and  
— DE  ≅  — DG . Also,  — DF  ≅  — DF  by the 
Refl exive Property of Congruence 
(Thm. 2.1). So, △DEF ≅ △DGF by 
the SSS Congruence Theorem 
(Thm. 5.8).

 10. no; You are given that   — JK   ≅  — KL   ≅  — LM   ≅  — MJ  . Also,   — JL   ≅  — JL   by the 
Refl exive Property of Congruence 
(Thm. 2.1). So, it should say 
△JKL ≅ △LMJ or △JKL ≅ △JML 
by the SSS Congruence Theorem 
(Thm. 5.8).

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–23 odd, 30, 31, 37–40
Average: 1, 2–20 even, 21, 22, 24, 30, 
31, 34, 36–40
Advanced: 1, 2, 10–20 even, 
21, 28–40

HOMEWORK CHECK

Basic: 3, 5, 7, 13, 31
Average: 8, 10, 14, 16, 36
Advanced: 10, 14, 16, 28, 36

 11. yes; The diagonal supports in this fi gure 
form triangles with fi xed side lengths. By the 
SSS Congruence Theorem (Thm. 5.8), these 
triangles cannot change shape, so the fi gure 
is stable.

 12. no; The support in this fi gure forms two 
quadrilaterals, which are not stable because 
there are many possible quadrilaterals with 
the given side lengths.

 13–14. See Additional Answers.
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 Using the Hypotenuse-Leg Congruence Theorem

Write a proof.

Given   — WY   ≅  — XZ  ,   — WZ   ⊥  — ZY  ,   — XY   ⊥  — Z Y  

Prove △WYZ ≅ △XZY

SOLUTION
Redraw the triangles so they are side by side 
with corresponding parts in the same position. 
Mark the given information in the diagram.

STATEMENTS REASONS

H 1.  — WY   ≅  — XZ  1. Given

 2.  — WZ   ⊥  — ZY  ,  — XY   ⊥  — ZY  2. Given

 3. ∠Z and ∠Y are right angles. 3. Defi nition of ⊥ lines

 4. △WYZ and △XZY are right triangles. 4. Defi nition of a right triangle

L 5.  — ZY   ≅  — YZ  5. Refl exive Property of Congruence 
(Thm. 2.1)

 6. △WYZ ≅ △XZY 6. HL Congruence Theorem

 Using the Hypotenuse-Leg Congruence Theorem

The television antenna is perpendicular to the plane 
containing points B, C, D, and E. Each of the cables 
running from the top of the antenna to B, C, and D has 
the same length. Prove that △AEB, △AEC, and △AED 
are congruent.

Given  — AE   ⊥  — EB  ,   — AE   ⊥  — EC  ,   — AE   ⊥  — ED  ,   — AB   ≅  — AC   ≅  — AD  

Prove △AEB ≅ △AEC ≅ △AED

SOLUTION
You are given that  — AE   ⊥  — EB   and   — AE   ⊥  — EC  . So, ∠AEB and ∠AEC are right angles 
by the defi nition of perpendicular lines. By defi nition, △AEB and △AEC are right 
triangles. You are given that the hypotenuses of these two triangles,  — AB   and   — AC  , 
are congruent. Also,   — AE   is a leg for both triangles, and   — AE   ≅  — AE   by the Refl exive 
Property of Congruence (Thm. 2.1). So, by the Hypotenuse-Leg Congruence Theorem, 
△AEB ≅ △AEC. You can use similar reasoning to prove that △AEC ≅ △AED.

  So, by the Transitive Property of Triangle Congruence (Thm. 5.3), 
△AEB ≅ △AEC ≅ △AED.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Use the diagram.

 7. Redraw △ABC and △DCB side by side with 
corresponding parts in the same position. 

 8. Use the information in the diagram to prove 
that △ABC ≅ △DCB.  

STUDY TIP
If you have trouble 
matching vertices to letters 
when you separate the 
overlapping triangles, 
leave the triangles in their 
original orientations.

YZ

W

Z Y

X

W X

YZ

YZ

W

ZY

X

D C

B

A

E

BA

C D
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MONITORING PROGRESS 
ANSWERS
 7. C

B A

B

C D

 8. See Additional Answers.

Extra Example 3
Write a proof.
Given   — PQ   ≅   — RS  , ∠Q and ∠S are right 
angles.
Prove △PQR ≅ △RSP

Q R

SP

Statements (Reasons)
1.    — PQ   ≅   — RS   (Given) 
2.  ∠Q and ∠S are right angles. (Given) 
3.   △PQR and △RSP are right triangles. 

(Def. of rt. △)
4.    — PR   ≅   — RP   (Reflex. Prop. of ≅ Thm. 2.1)
5.  △PQR ≅ △RSP (HL ≅ Thm. 5.9)

Extra Example 4
Two windows in a building are right 
triangles, with  — WX   ≅   — XY  . Prove that the 
triangles are congruent.
Given △WXZ and △YXZ are right 
triangles,  — WX   ≅   — XY  .
Prove △WXZ ≅ △YXZ

W
Z

X

Y

You are given that   — WX   ≅   — XY   and that 
the triangles are right triangles. So, 
the hypotenuses of the triangles are 
congruent. By the Reflexive Property 
of ≅ (Thm. 2.1),   — XZ   ≅   — XZ  . So, by the 
HL ≅ Theorem (Thm. 5.9), 
△WXZ ≅ △YXZ.

Teacher ActionsTeacher ActionsLaurie’s Notes
• MP4 Model with Mathematics: To complete the proof in Example 3, a useful technique is to 

redraw the diagram so that the triangles do not overlap.
• MP3: Note the sequence of steps in this proof. The perpendicular segments give you right 

angles and then you have right triangles.
• For Example 4, you might have students take the paragraph proof and rewrite it as a two-column 

proof.

ClosureClosure
• Response Logs: Select from “What confused me the most was …” or “I will understand this 

better if I …” or “I am feeling good about … .”
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PROVING TRIANGLE CONGRUENCE BY ASA AND AAS (5.6) 
 
ANGLE-SIDE-ANGLE CONGRUENCE THEOREM 
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. 
 

   
 
 
ANGLE-ANGLE-SIDE CONGRUENCE THEOREM 
If two angles and the non-included side of one triangle are congruent to two angles and the non-included 
side of a second triangle, then the two triangles are congruent. 
 

     
 
 
WARM UP   
Can the triangles be proven congruent with the information given in the diagram?  If so, state the congruent 
statement and the theorem you would use. 
 
1. 

    
 
 
2. 

 
 
 
USING THE AAS CONGRUENT THEOREM 
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5.6 Lesson

 Angle-Side-Angle (ASA) Congruence Theorem

Given ∠A ≅ ∠D,   — AC   ≅  — DF  , ∠C ≅ ∠F

Prove △ABC ≅ △DEF

First, translate △ABC so that point A maps to point D, as shown below.

A FD

EB

C

B′

C′
D

E

F

This translation maps △ABC to △DB′C′. Next, rotate △DB′C′ counterclockwise 
through ∠C′DF so that the image of  $$$$⃗ DC′  coincides with  $$$⃗ DF , as shown below.

B′

B″
C′

D

E

F
D

E

F

Because   — DC′   ≅  — DF  , the rotation maps point C′ to point F. So, this rotation maps 
△DB′C′ to △DB″F. Now, refl ect △DB″F in the line through points D and F, as 
shown below.

B″

D

E

F
FD

E

Because points D and F lie on  ⃖ $$⃗ DF , this refl ection maps them onto themselves. Because 
a refl ection preserves angle measure and ∠B″DF ≅ ∠EDF, the refl ection maps  $$$$⃗ DB″  to 
 $$$⃗ DE . Similarly, because ∠B″FD ≅ ∠EFD, the refl ection maps  $$$$⃗ FB″  to  $$$⃗ FE  . The image of 
B″ lies on  $$$⃗ DE  and  $$$⃗ FE  . Because  $$$⃗ DE  and  $$$⃗ FE   only have point E in common, the image of 
B″ must be E. So, this refl ection maps △DB″F to △DEF.

Because you can map △ABC to △DEF using a composition of rigid motions, 
△ABC ≅ △DEF.

Previous
congruent fi gures
rigid motion

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 5.10 Angle-Side-Angle (ASA) Congruence Theorem
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.

If ∠A ≅ ∠D,   — AC   ≅  — DF  , and ∠C ≅ ∠F, 
then △ABC ≅ △DEF.

Proof p. 270

What You Will LearnWhat You Will Learn
 Use the ASA and AAS Congruence Theorems.

Using the ASA and AAS Congruence Theorems

A FD

EB

C

A FD

EB

C
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Differentiated Instruction

Kinesthetic
Students may wonder why there is not 
an AAA Triangle Congruence Theorem. 
Ask each student to use a protractor 
and straightedge to draw a
30°-60°-90° triangle. Then have 
students compare their triangles. 
Emphasize that three pairs of 
congruent corresponding angles is 
necessary but not sufficient to prove 
two triangles congruent.

Teacher ActionsTeacher ActionsLaurie’s Notes
 Draw △ABC and △DEF and mark two pairs of angles congruent. “What pair of sides would need 
to be congruent if Angle-Side-Angle (ASA) is a valid triangle-congruence method?” the side 
between the angles

• Turn and Talk: “How could you prove ASA works using transformations?” Give partners time 
to discuss the steps needed. Be sure that students rotate C’ to F, mapping the congruent sides 
onto one another.
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5.6 Lesson

 Angle-Side-Angle (ASA) Congruence Theorem

Given ∠A ≅ ∠D,   — AC   ≅  — DF  , ∠C ≅ ∠F

Prove △ABC ≅ △DEF

First, translate △ABC so that point A maps to point D, as shown below.

A FD
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This translation maps △ABC to △DB′C′. Next, rotate △DB′C′ counterclockwise 
through ∠C′DF so that the image of  $$$$⃗ DC′  coincides with  $$$⃗ DF , as shown below.
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Because   — DC′   ≅  — DF  , the rotation maps point C′ to point F. So, this rotation maps 
△DB′C′ to △DB″F. Now, refl ect △DB″F in the line through points D and F, as 
shown below.

B″
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F
FD

E

Because points D and F lie on  ⃖ $$⃗ DF , this refl ection maps them onto themselves. Because 
a refl ection preserves angle measure and ∠B″DF ≅ ∠EDF, the refl ection maps  $$$$⃗ DB″  to 
 $$$⃗ DE . Similarly, because ∠B″FD ≅ ∠EFD, the refl ection maps  $$$$⃗ FB″  to  $$$⃗ FE  . The image of 
B″ lies on  $$$⃗ DE  and  $$$⃗ FE  . Because  $$$⃗ DE  and  $$$⃗ FE   only have point E in common, the image of 
B″ must be E. So, this refl ection maps △DB″F to △DEF.

Because you can map △ABC to △DEF using a composition of rigid motions, 
△ABC ≅ △DEF.

Previous
congruent fi gures
rigid motion

Core VocabularyCore Vocabullarry

TheoremTheorem
Theorem 5.10 Angle-Side-Angle (ASA) Congruence Theorem
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.

If ∠A ≅ ∠D,   — AC   ≅  — DF  , and ∠C ≅ ∠F, 
then △ABC ≅ △DEF.

Proof p. 270

What You Will LearnWhat You Will Learn
 Use the ASA and AAS Congruence Theorems.

Using the ASA and AAS Congruence Theorems
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Differentiated Instruction

Kinesthetic
Students may wonder why there is not 
an AAA Triangle Congruence Theorem. 
Ask each student to use a protractor 
and straightedge to draw a
30°-60°-90° triangle. Then have 
students compare their triangles. 
Emphasize that three pairs of 
congruent corresponding angles is 
necessary but not sufficient to prove 
two triangles congruent.

Teacher ActionsTeacher ActionsLaurie’s Notes
 Draw △ABC and △DEF and mark two pairs of angles congruent. “What pair of sides would need 
to be congruent if Angle-Side-Angle (ASA) is a valid triangle-congruence method?” the side 
between the angles

• Turn and Talk: “How could you prove ASA works using transformations?” Give partners time 
to discuss the steps needed. Be sure that students rotate C’ to F, mapping the congruent sides 
onto one another.
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 Angle-Angle-Side (AAS) Congruence Theorem

Given ∠A ≅ ∠D,  
 ∠C ≅ ∠F, 
   — BC   ≅   — EF  

Prove △ABC ≅ △DEF

You are given ∠A ≅ ∠D and ∠C ≅ ∠F. By the Third Angles Theorem (Theorem 5.4), 
∠B ≅ ∠E. You are given  — BC   ≅  — EF  . So, two pairs of angles and their included sides 
are congruent. By the ASA Congruence Theorem, △ABC ≅ △DEF.

 Identifying Congruent Triangles

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

a.  b.  c. 

SOLUTION

a. The vertical angles are congruent, so two pairs of angles and a pair of non-included 
sides are congruent. The triangles are congruent by the AAS Congruence Theorem.

b. There is not enough information to prove the triangles are congruent, because no 
sides are known to be congruent.

c. Two pairs of angles and their included sides are congruent. The triangles are 
congruent by the ASA Congruence Theorem.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

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

COMMON ERROR
You need at least one pair 
of congruent corresponding 
sides to prove two triangles 
are congruent.

TheoremTheorem
Theorem 5.11 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 are congruent.

If ∠A ≅ ∠D, ∠C ≅ ∠F, 
and   — BC   ≅  — EF  , then 
△ABC ≅ △DEF.

Proof p. 271

A C

B

D F

E

A C

B

D F

E

W Z

X Y
1
2

3
4
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English Language Learners

Words and Abbreviations
Ask students to explain the importance 
of the order of the letters in the SAS, 
ASA, and AAS Congruence Theorems.

Extra Example 1
Can the triangles be proven congruent 
with the information given in the diagram? 
If so, state the theorem you would use.

a. △EFG and △HDG

HD

FE

G

 Yes, AAS ≅ Theorem (Thm. 5.11)

b. △PQM and △RQM

Q

RP M

 No
c. △LMP and △NMP

P

NL

M

 Yes, ASA ≅ Theorem (Thm. 5.10)

Teacher ActionsTeacher ActionsLaurie’s Notes
 Draw △ABC and △DEF and mark two pairs of angles congruent. “What pair of sides would need 
to be congruent if Angle-Angle-Side (AAS) is a valid triangle-congruence method?” a side not 
between the angles Discuss the outline of the proof for the AAS Congruence Theorem.

• Think-Pair-Share: Have students try the three parts in Example 1 independently before 
discussing as a class.

• Response Logs: “Right now I need to …”

MONITORING PROGRESS 
ANSWER

1. yes; ASA Congruence Theorem 
(Thm. 5.10)
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English Language Learners

Words and Abbreviations
Ask students to explain the importance 
of the order of the letters in the SAS, 
ASA, and AAS Congruence Theorems.

Extra Example 1
Can the triangles be proven congruent 
with the information given in the diagram? 
If so, state the theorem you would use.

a. △EFG and △HDG

HD

FE

G

 Yes, AAS ≅ Theorem (Thm. 5.11)

b. △PQM and △RQM

Q

RP M

 No
c. △LMP and △NMP

P

NL

M

 Yes, ASA ≅ Theorem (Thm. 5.10)

Teacher ActionsTeacher ActionsLaurie’s Notes
 Draw △ABC and △DEF and mark two pairs of angles congruent. “What pair of sides would need 
to be congruent if Angle-Angle-Side (AAS) is a valid triangle-congruence method?” a side not 
between the angles Discuss the outline of the proof for the AAS Congruence Theorem.

• Think-Pair-Share: Have students try the three parts in Example 1 independently before 
discussing as a class.

• Response Logs: “Right now I need to …”

MONITORING PROGRESS 
ANSWER

1. yes; ASA Congruence Theorem 
(Thm. 5.10)
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between the angles Discuss the outline of the proof for the AAS Congruence Theorem.

• Think-Pair-Share: Have students try the three parts in Example 1 independently before 
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 Using the AAS Congruence Theorem

Write a proof.

Given  — HF   !  — GK  , ∠F and ∠K are right angles.

Prove △ HFG ≅  △ GKH

SOLUTION

STATEMENTS REASONS

 1.  — HF   !  — GK  1. Given

A 2. ∠GHF ≅  ∠HGK 2. Alternate Interior Angles Theorem 
(Theorem 3.2)

 3. ∠F and ∠K are right angles. 3. Given

A 4. ∠F ≅  ∠K 4. Right Angles Congruence Theorem 
(Theorem 2.3)

S 5.  — HG   ≅   — GH  5. Refl exive Property of Congruence 
(Theorem 2.1)

 6. △ HFG ≅  △ GKH 6. AAS Congruence Theorem

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 3. In the diagram, ∠S ≅  ∠U and   — RS   ≅   — VU  . Prove △ RST ≅  △ VUT.

U

V

T

S

R

Triangle Congruence Theorems
You have learned fi ve methods for proving that triangles are congruent.

SAS SSS HL (right △s  only) ASA AAS

B

CA

E

FD
B

CA

E

FD
B

CA

E

FD
B

CA

E

FD
B

CA

E

FD

Two sides and the 
included angle are 
congruent.

All three sides are 
congruent.

The hypotenuse and 
one of the legs are 
congruent.

Two angles and the 
included side are 
congruent.

Two angles and a 
non-included side 
are congruent.

In the Exercises, you will prove three additional theorems about the congruence of right triangles: 
Hypotenuse-Angle, Leg-Leg, and Angle-Leg.

Concept SummaryConcept Summary

F G

H K
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MONITORING PROGRESS 
ANSWER
 3. See Additional Answers.

Extra Example 3
Write a proof. 
Use the diagram and the given information 
in Example 2. Prove △ ABD ≅  △ EBC using 
the AAS Congruence Theorem.
Sample answer:
Statements (Reasons)

1.   — AD   !   — EC   (Given)
2. ∠A ≅  ∠E (Alt. Int. ∠ s Thm. 3.2)
3. ∠D ≅  ∠C (Alt. Int. ∠ s Thm. 3.2)
4.   — BD   ≅    — BC   (Given)
5. △ ABD ≅  △ EBC (AAS ≅  Thm. 5.11)

Teacher ActionsTeacher ActionsLaurie’s Notes
COMMON ERROR In Example 3, students may try to state ∠FGH ≅  ∠KHG. These are alternate 
interior angles for two sides not known to be parallel,  — FG   and   — HK  .
• Teaching Tip: Use a color highlighter to extend the parallel sides   — HF   and   — GK  . Transversal   — HG   

forms congruent alternate interior angles ∠GHF and ∠HGK.

ClosureClosure
• Response Logs: Select from: “I feel like I made progress today …” or “I’m still not sure 

about …” or “A sticky part for me is ….”
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ClosureClosure
• Response Logs: Select from: “I feel like I made progress today …” or “I’m still not sure 

about …” or “A sticky part for me is ….”
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interior angles for two sides not known to be parallel,  — FG   and   — HK  .
• Teaching Tip: Use a color highlighter to extend the parallel sides   — HF   and   — GK  . Transversal   — HG   

forms congruent alternate interior angles ∠GHF and ∠HGK.

ClosureClosure
• Response Logs: Select from: “I feel like I made progress today …” or “I’m still not sure 

about …” or “A sticky part for me is ….”
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