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7.3; Identifying and Verifying Parallelograms         
       
Sum of Interior Angles of a Convex Polygon = (N – 2) (180)  
Measure of Interior Angle (Regular Convex Polygon) = (N – 2) (180) / N    
Sum of Exterior Angles of a Convex Polygon = 360 
Measure of Exterior Angle (Regular Convex Polygon) = 360 / N  
______________________________________________________________________  
PROPERTIES OF PARALLELOGRAMS: If a quadrilateral is a parallelogram then its…. 

1. Both pairs of opposite sides are parallel  (Parallelogram Definition) 
2. Bothe pairs of opposite sides are congruent. (Parallelogram Opposite Sides Theorem) 
3. Both pairs of opposite angles are congruent. (Parallelogram Opposite Angles Theorem) 
4.  Diagonals bisect each other.     (Parallelogram Diagonals Theorem) 
5. Consecutive angles are supplementary.    (Parallelogram Consecutive Angles Theorem) 
6. On pair of opposite sides is parallel and congruent. 

_________________________________________________________________________________________			
TAKE OUT:   HW7.2; 5-33 odd; 39, 40, 48-50; (with diagrams and shown work) 
ON SMALL BOARD 9-16 17 19 31 33 48-50  39 
GROUP   1 2 3 4 5 6  7 
______________________________________________________________________________ 
WARM UP 
Three vertices of parallelogram DEFG are D(-1,4), E(2,3), and F(4,-2).   
Find the coordinates of vertex G. 
 
 
G1 = (___, ___) 
 
  
 
 
 
 
 
 
Show with Algebra why DEFG is a Parallelogram? 
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7.3 A QUADRILATERAL IS A PARALLELOGRAM IF ……. 
1. Both pairs of opposite sides are parallel.  (Parallelogram Definition) 
2. Both pairs of opposite sides are congruent.  (Parallelogram Opposite Sides Converse) 
3. Both pairs of opposite angles are congruent. (Parallelogram Opposite Angles Converse) 
4. Diagonals Bisect.     (Parallelogram Diagonals Converse) 
5. One Pair of Opposite Sides are Parallel and Congruent   

_______________________________________________________________________   
 
PARALLELOGRAM OPPOSITE SIDES CONVERSE THEOREM 

 
 
PARALLELOGRAM OPPOSITE ANGLES CONVERSE THEOREM 
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What You Will LearnWhat You Will Learn
 Identify and verify parallelograms.

 Show that a quadrilateral is a parallelogram in the coordinate plane.

Identifying and Verifying Parallelograms
Given a parallelogram, you can use the Parallelogram Opposite Sides Theorem 
(Theorem 7.3) and the Parallelogram Opposite Angles Theorem (Theorem 7.4) to 
prove statements about the sides and angles of the parallelogram. The converses of the 
theorems are stated below. You can use these and other theorems in this lesson to prove 
that a quadrilateral with certain properties is a parallelogram.

7.3 Lesson

 Parallelogram Opposite Sides Converse

Given — AB   ≅  — CD  ,  — BC   ≅  — DA     

Prove ABCD is a parallelogram.

a. Draw diagonal  — AC   to form △ABC and △CDA.

b. Use the SSS Congruence Theorem (Thm. 5.8) to show that △ABC ≅ △CDA.

c. Use the Alternate Interior Angles Converse (Thm. 3.6) to show that 
opposite sides are parallel.

STATEMENTS REASONS

a. 1.  — AB   ≅  — CD  ,  — BC   ≅  — DA  1. Given

2. Draw  — AC  . 2. Through any two points, there exists 
exactly one line.

3. — AC   ≅  — CA  3. Refl exive Property of Congruence 
(Thm. 2.1)

b. 4. △ABC ≅ △CDA 4. SSS Congruence Theorem (Thm. 5.8)

c. 5. ∠BAC ≅ ∠DCA,
∠BCA ≅ ∠DAC

5. Corresponding parts of congruent 
triangles are congruent.

6. — AB   #  — CD  ,  — BC   #  — DA  6. Alternate Interior Angles Converse 
(Thm. 3.6)

7. ABCD is a parallelogram. 7.  Defi nition of parallelogram

Plan 
for 

Proof

Plan 
in 

Action

Previous
diagonal
parallelogram

Core VocabularyCore Vocabullarry

TheoremsTheorems
Theorem 7.7 Parallelogram Opposite Sides Converse 
If both pairs of opposite sides of a quadrilateral are 
congruent, then the quadrilateral is a parallelogram.

If   — AB   ≅  — CD   and  — BC   ≅  — DA  , then ABCD is 
a parallelogram.

Theorem 7.8 Parallelogram Opposite Angles Converse 
If both pairs of opposite angles of a quadrilateral are
congruent, then the quadrilateral is a parallelogram.

If ∠A ≅ ∠C and ∠B ≅ ∠D, then ABCD is 
a parallelogram.

Proof Ex. 39, p. 383
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English Language Learners

Build on Past Knowledge
Before beginning Section 7.3, write the 
four theorems (7.3, 7.4, 7.5, and 7.6) 
from the previous lesson on the board. 
Ask students to state the converse 
of each of these theorems and write 
these on the board. Then ask students 
whether they think each converse is 
true. At the end of the lesson, go back 
and review the truth of these converse 
statements.

Teacher ActionsTeacher ActionsLaurie’s Notes
 Sketch quadrilateral ABCD that appears to be a parallelogram. “What information would you 
need in order to know that ABCD is a parallelogram?” The opposite sides are parallel. If 
students start to list additional properties, remind them of the definition. 

• Explain to students that in this lesson they will look back at the theorems of the last lesson to 
see whether the converse of each is true.

• Whiteboarding: Discuss Theorem 7.7. Have partners write a proof.
• MP3: Compare and critique the proofs offered by several volunteers.
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 Identifying a Parallelogram

An amusement park ride has a moving platform attached to four swinging arms. 
The platform swings back and forth, higher and higher, until it goes over the top and 
around in a circular motion. In the diagram below,   — AD   and  — BC   represent two of the 
swinging arms, and  — DC   is parallel to the ground (line ℓ). Explain why the moving 
platform  — AB   is always parallel to the ground.

C

BAA

DD
16 ft

38 ft
16 ft

38 ft

SOLUTION
The shape of quadrilateral ABCD changes as the moving platform swings around, but 
its side lengths do not change. Both pairs of opposite sides are congruent, so ABCD is 
a parallelogram by the Parallelogram Opposite Sides Converse.

By the defi nition of a parallelogram,  — AB   !  — DC  . Because  — DC   is parallel to lineℓ,   — AB   is 
also parallel to lineℓby the Transitive Property of Parallel Lines (Theorem 3.9). So, 
the moving platform is parallel to the ground.

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

 1. In quadrilateral WXYZ, m∠W =  42°, m∠X =  138°, and m∠Y =  42°. Find m∠Z. 
Is WXYZ a parallelogram? Explain your reasoning. 

 Finding Side Lengths of a Parallelogram

For what values of x and y is quadrilateral PQRS a parallelogram?

SOLUTION
By the Parallelogram Opposite Sides Converse, if both pairs of opposite sides of a 
quadrilateral are congruent, then the quadrilateral is a parallelogram. Find x so 
that  — PQ   ≅   — SR  .

 PQ =  SR Set the segment lengths equal.

 x +  9 =  2x −  1 Substitute x +  9 for PQ and 2 x −  1 for SR.

 10 =  x Solve for x.

When x =  10, PQ =  10 +  9 =  19 and SR =  2(10) −  1 =  19. Find y so that  — PS   ≅   — QR  .

 PS =  QR Set the segment lengths equal.

 y =  x +  7 Substitute y for PS and x +  7 for QR.

 y =  10 +  7 Substitute 10 for x.

 y =  17 Add.

When x =  10 and y =  17, PS =  17 and QR =  10 +  7 =  17.

 Quadrilateral PQRS is a parallelogram when x =  10 and y =  17.

S

P Q

R2x −  1

y

x +  9

x +  7
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MONITORING PROGRESS 
ANSWER

1. 138°; yes; Because opposite angles 
are congruent, quadrilateral WXYZ is 
a parallelogram.

Extra Example 1
In quadrilateral ABCD, AB =  BC and
CD =  AD. Is ABCD a parallelogram? 
Explain your reasoning. You cannot 
tell. Two pairs of opposite sides must be 
congruent, not two pairs of adjacent sides.

Extra Example 2
For what values of x and y is quadrilateral 
STUV a parallelogram?

S V

UT

24 −  x
x +  6

2x +  3

y

x =  9, y =  21

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss the amusement park ride to be sure students know how it operates. Listen for student 

justification of why   — AB   is parallel to the ground.
• Extension: There may be students who want to construct a model of this ride using dynamic 

geometry software.
COMMON ERROR In Example 2, students may try to work with all four expressions 
simultaneously. They need to work with the pair involving only x first, and then move to the other 
pair of expressions.
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A QUADRILATERAL IS A PARALLELOGRAM IF ……. 
1. Both pairs of opposite sides are parallel.   (Parallelogram Definition) 
2. Both pairs of opposite sides are congruent.  (Parallelogram Opposite Sides Converse) 
3. Both pairs of opposite angles are congruent. (Parallelogram Opposite Angles Converse) 
4. Diagonals Bisect.     (Parallelogram Diagonals Converse) 
5. One Pair of Opposite Sides are Parallel and Congruent   

___________________________________________________________________________  
 
 For what values of x and y are the quadrilaterals below parallelograms? 

          
        
      
 
 
 
__________________________________________________________________ 
PRACTICE: For what values of x and y are the quadrilaterals below parallelograms?   
Show your work. 

     
 
 
 

 
 
 
 
 
 
 
 
 
 
 
  Section 7.3 377

 Section 7.3  Proving That a Quadrilateral Is a Parallelogram 377

 Identifying a Parallelogram

An amusement park ride has a moving platform attached to four swinging arms. 
The platform swings back and forth, higher and higher, until it goes over the top and 
around in a circular motion. In the diagram below,   — AD   and  — BC   represent two of the 
swinging arms, and  — DC   is parallel to the ground (line ℓ). Explain why the moving 
platform  — AB   is always parallel to the ground.

C

BAA

DD
16 ft

38 ft
16 ft

38 ft

SOLUTION
The shape of quadrilateral ABCD changes as the moving platform swings around, but 
its side lengths do not change. Both pairs of opposite sides are congruent, so ABCD is 
a parallelogram by the Parallelogram Opposite Sides Converse.

By the defi nition of a parallelogram,  — AB   !  — DC  . Because  — DC   is parallel to lineℓ,   — AB   is 
also parallel to lineℓby the Transitive Property of Parallel Lines (Theorem 3.9). So, 
the moving platform is parallel to the ground.

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

 1. In quadrilateral WXYZ, m∠W =  42°, m∠X =  138°, and m∠Y =  42°. Find m∠Z. 
Is WXYZ a parallelogram? Explain your reasoning. 

 Finding Side Lengths of a Parallelogram

For what values of x and y is quadrilateral PQRS a parallelogram?

SOLUTION
By the Parallelogram Opposite Sides Converse, if both pairs of opposite sides of a 
quadrilateral are congruent, then the quadrilateral is a parallelogram. Find x so 
that  — PQ   ≅   — SR  .

 PQ =  SR Set the segment lengths equal.

 x +  9 =  2x −  1 Substitute x +  9 for PQ and 2 x −  1 for SR.

 10 =  x Solve for x.

When x =  10, PQ =  10 +  9 =  19 and SR =  2(10) −  1 =  19. Find y so that  — PS   ≅   — QR  .

 PS =  QR Set the segment lengths equal.

 y =  x +  7 Substitute y for PS and x +  7 for QR.

 y =  10 +  7 Substitute 10 for x.

 y =  17 Add.

When x =  10 and y =  17, PS =  17 and QR =  10 +  7 =  17.

 Quadrilateral PQRS is a parallelogram when x =  10 and y =  17.

S

P Q

R2x −  1

y

x +  9

x +  7

hs_geo_pe_0703.indd   377 1/19/15   11:52 AM

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

 2. For what values of x and y is quadrilateral ABCD a parallelogram? Explain 
your reasoning.

D

A B

C

(3x − 32)° 4y°

2x°(y + 87)°

State the theorem you can use to show that the quadrilateral is a parallelogram.

 3. 30 m

30 m

 4. 

5 in.
5 in.

7 in.

7 in.

 5. 

115°

115°65°

65°

 6. For what value of x is quadrilateral MNPQ a parallelogram? Explain 
your reasoning.

Q

NM

P

10 − 3x2x

  

Ways to Prove a Quadrilateral Is a Parallelogram

1. Show that both pairs of opposite sides are parallel. (Defi nition)

2.  Show that both pairs of opposite sides are congruent. 
(Parallelogram Opposite Sides Converse)

3.  Show that both pairs of opposite angles are congruent. 
(Parallelogram Opposite Angles Converse)

4.  Show that one pair of opposite sides are congruent and parallel. 
(Opposite Sides Parallel and Congruent Theorem)

5.  Show that the diagonals bisect each other. 
(Parallelogram Diagonals Converse)

Concept SummaryConcept Summary
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MONITORING PROGRESS 
ANSWERS

2. x = 32, y = 29; By the Parallelogram 
Opposite Angles Converse (Thm. 
7.8), if both pairs of opposite angles 
of a quadrilateral are congruent, then 
the quadrilateral is a parallelogram. 
So, solve 3x − 32 = 2x for x, and 
4y = y + 87 for y.

3. Opposite Sides Parallel and 
Congruent Theorem (Thm. 7.9)

4. Parallelogram Opposite Sides 
Converse (Thm. 7.7)

5. Parallelogram Opposite Angles 
Converse (Thm. 7.8)

6. x = 2; By the Parallelogram 
Diagonals Converse (Thm. 7.10), if 
the diagonals of a quadrilateral bisect 
each other, then the quadrilateral is a 
parallelogram. So, solve 
2x = 10 − 3x for x.

Differentiated Instruction

Organization
Have students copy the Ways to Prove 
a Quadrilateral Is a Parallelogram table 
into their notebooks. Ask students 
to explain which methods might be 
best suited and least suited to use in a 
coordinate proof.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Think-Pair-Share: Have students answer Questions 2–6, and then share and discuss as a 

class.
• Have students list a summary of different ways to prove that a quadrilateral is a parallelogram.

 “How might you know that the opposite sides are parallel?” Listen for suggestions such as 
knowing something about their slopes or knowing the measures of interior angles.
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a parallelogram.

Extra Example 1
In quadrilateral ABCD, AB =  BC and
CD =  AD. Is ABCD a parallelogram? 
Explain your reasoning. You cannot 
tell. Two pairs of opposite sides must be 
congruent, not two pairs of adjacent sides.

Extra Example 2
For what values of x and y is quadrilateral 
STUV a parallelogram?

S V

UT

24 −  x
x +  6

2x +  3

y

x =  9, y =  21

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss the amusement park ride to be sure students know how it operates. Listen for student 

justification of why   — AB   is parallel to the ground.
• Extension: There may be students who want to construct a model of this ride using dynamic 

geometry software.
COMMON ERROR In Example 2, students may try to work with all four expressions 
simultaneously. They need to work with the pair involving only x first, and then move to the other 
pair of expressions.
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Exercises7.3

In Exercises 3–8, state which theorem you can use 
to show that the quadrilateral is a parallelogram. 
(See Examples 1 and 3.)

 3. 

100°

100°  4. 

20

20

14
14

 5.  6. 

112°

112°

68°

68°

 7. 

9

9  8. 

6

6

4

4

In Exercises 9–12, fi nd the values of x and y that make 
the quadrilateral a parallelogram. (See Example 2.)

 9. 

x°

114°

y°

66°  10. 

x
16

y

9

 11. 12. 

In Exercises 13–16, fi nd the value of x that makes the 
quadrilateral a parallelogram. (See Example 4.)

 13. 14. 2x +  3

x +  7

 15. 16. 

In Exercises 17–20, graph the quadrilateral with the 
given vertices in a coordinate plane. Then show that 
the quadrilateral is a parallelogram. (See Example 5.)

17. A(0, 1), B(4, 4), C(12, 4), D(8, 1)

18. E(−3, 0), F(−3, 4), G(3, −1), H(3, −5) 

19. J(−2, 3), K(−5, 7), L(3, 6), M(6, 2)

20. N(−5, 0), P(0, 4), Q(3, 0), R(−2, −4)

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

 1. WRITING A quadrilateral has four congruent sides. Is the quadrilateral a parallelogram? 
Justify your answer.

 2. DIFFERENT WORDS, SAME QUESTION Which is different? Find “both” answers.

Construct a quadrilateral with opposite 
angles congruent.

Construct a quadrilateral with opposite sides 
congruent.

Construct a quadrilateral with one pair of 
opposite sides congruent and parallel.

Construct a quadrilateral with one pair of 
parallel sides.

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

4x +  6

3y +  1

7x − 3

4y − 3

(4x +  13)° (4y +  7)°

(5x − 12)°(3x − 8)°

4x +  2

5x − 6

3x +  5

5x − 9

3x +  26x

Dynamic Solutions available at BigIdeasMath.com
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ANSWERS
1. yes; If all four sides are congruent, 

then both pairs of opposite sides are 
congruent. So, the quadrilateral is a 
parallelogram by the Parallelogram 
Opposite Sides Converse (Thm. 7.7).

2. Construct a quadrilateral with one 
pair of parallel sides;

3. Parallelogram Opposite Angles 
Converse (Thm. 7.8)

4. Parallelogram Opposite Sides 
Converse (Thm. 7.7)

5. Parallelogram Diagonals Converse 
(Thm. 7.10)

6. Parallelogram Opposite Angles 
Converse (Thm. 7.8)

7. Opposite Sides Parallel and 
Congruent Theorem (Thm. 7.9)

8. Parallelogram Diagonals Converse 
(Thm. 7.10)

9. x =  114, y =  66
10. x =  16, y =  9
11. x =  3, y =  4
12. x =  25, y =  15
13. x =  8
14. x =  4
15. x =  7
16. x =    2 — 3  

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–21 odd, 24, 28–34 even, 
44, 51–54
Average: 1, 2, 8–38 even, 43, 44, 
51–54
Advanced: 1, 2, 8–42 even, 43–47, 
49, 51–54

HOMEWORK CHECK

Basic: 3, 7, 11, 13, 17
Average: 8, 12, 18, 32, 43
Advanced: 12, 20, 36, 40, 47

17. 

x

y

8
10

4
6

−4

8 10 12642−2

B C

A D

Because BC =  AD =  8,  — BC   ≅  — AD  . Because 
both  — BC   and  — AD   are horizontal lines, their 
slope is 0, and they are parallel.  — BC   and  — AD   
are opposite sides that are both congruent 
and parallel. So, ABCD is a parallelogram by 

the Opposite Sides Parallel and Congruent 
Theorem (Thm. 7.9).

 18–20. See Additional Answers.
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378 Chapter 7  Quadrilaterals and Other Polygons

 Identifying a Parallelogram

The doorway shown is part of a building in 
England. Over time, the building has leaned 
sideways. Explain how you know that SV =  TU.

SOLUTION
In the photograph,  — ST   !  — UV   and  — ST   ≅   — UV  . By the 
Opposite Sides Parallel and Congruent Theorem, 
quadrilateral STUV is a parallelogram. By the 
Parallelogram Opposite Sides Theorem 
(Theorem 7.3), you know that opposite sides of 
a parallelogram are congruent. So, SV =  TU.

 Finding Diagonal Lengths of a Parallelogram

For what value of x is quadrilateral CDEF 
a parallelogram?

SOLUTION
By the Parallelogram Diagonals Converse, if the 
diagonals of CDEF bisect each other, then it is a 
parallelogram. You are given that  — CN   ≅   — EN  . 
Find x so that  — FN   ≅   — DN  .

 FN =  DN Set the segment lengths equal.

 5x −  8 =  3x Substitute 5 x −  8 for FN and 3 x for DN.

 2x −  8 =  0 Subtract 3 x from each side.

 2x =  8 Add 8 to each side.

 x =  4 Divide each side by 2.

When x =  4, FN =  5(4) −  8 =  12 and DN =  3(4) =  12.

 Quadrilateral CDEF is a parallelogram when x =  4.

TheoremsTheorems
Theorem 7.9 Opposite Sides Parallel and Congruent Theorem 
If one pair of opposite sides of a quadrilateral are congruent 
and parallel, then the quadrilateral is a parallelogram.

If  — BC   !  — AD   and  — BC   ≅   — AD  , then ABCD is 
a parallelogram.

Proof Ex. 40, p. 383

Theorem 7.10 Parallelogram Diagonals Converse 
If the diagonals of a quadrilateral bisect each other, 
then the quadrilateral is a parallelogram.

If  — BD   and  — AC   bisect each other, then ABCD is 
a parallelogram.

Proof Ex. 41, p. 383

A

B C

D

A

B C

D

F D

E

C

N
5x −  8 3x

S T

V U
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Extra Example 3
Use the photograph in Example 3. Explain 
how you know that ∠S ≅  ∠U. By the 
Opposite Sides Parallel and Congruent 
Theorem (Thm. 7.9), quadrilateral STUV 
is a parallelogram. By the Parallelogram 
Opposite Angles Theorem (Thm 7.4), the 
opposite angles of a parallelogram are 
congruent. So, ∠S ≅  ∠U.

Extra Example 4
For what value of x is quadrilateral CDEF a 
parallelogram?

F D

E

C

N

4x −  11

2x +  17

x =  14

Teacher ActionsTeacher ActionsLaurie’s Notes
• Theorem 7.9 is not a converse of an earlier theorem. This hypothesis can easily be demonstrated 

using dynamic geometry software. As long as two segments remain congruent and parallel, the 
quadrilateral formed when joining adjacent endpoints will be a parallelogram.

COMMON ERROR Students sometimes use faulty reasoning in a problem like Example 3. They 
say STUV is a parallelogram because both pairs of opposite sides are parallel, and they say SV =  TU 
because opposite sides of a parallelogram are congruent.
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	 4	

IDENTIFYING A PARALLELOGRAM IN THE COORDINATE PLANE 
Show that quadrilateral ABCD is a parallelogram 

 
 
Hint; Which of the above relationships would be easier to prove with calculations? 

     
 

 
PRACTICE:  Show that JKLM is a parallelogram. 

 
 
 
 
 
 
 
 
 
 
 
 
 
HW7.3; 1, 2, 3-19odd, 23, 33, 35, 51-54 (show diagrams and work on paper / to be collected) 
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Using Coordinate Geometry

  Identifying a Parallelogram in the Coordinate Plane

Show that quadrilateral ABCD 
is a parallelogram.

SOLUTION

Method 1 Show that a pair of sides are congruent and parallel. Then apply the 
Opposite Sides Parallel and Congruent Theorem.

First, use the Distance Formula to show that  — AB   and  — CD   are congruent.

 AB =  √
——

  [2 − (−3)]2 + (5 − 3)2   =  √
—

 29  

 CD =  √
——

  (5 − 0)2 + (2 − 0)2   =  √
—

 29  

Because AB = CD =  √
—

 29  ,   — AB   ≅  — CD  .

Then, use the slope formula to show that  — AB   $  — CD  .

 slope of  — AB   =   5 – 3 — 
2 – (–3)

   =   2 — 
5
  

 slope of  — CD   =   2 – 0 — 
5 – 0

   =   2 — 
5
  

Because   — AB   and  — CD   have the same slope, they are parallel.

   — AB   and  — CD   are congruent and parallel. So, ABCD is a parallelogram by the 
Opposite Sides Parallel and Congruent Theorem.

Method 2 Show that opposite sides are congruent. Then apply the Parallelogram 
Opposite Sides Converse. In Method 1, you already have shown that 
because AB = CD =  √

—
 29  ,  — AB   ≅  — CD  . Now fi nd AD and BC.

 AD =  √
——

  (−3 − 0)2 + (3 − 0)2   = 3 √
—

 2  

 BC =  √
——

  (2 − 5)2 + (5 − 2)2   = 3 √
—

 2  

 Because AD = BC = 3 √
—

 2  ,   — AD   ≅  — BC  .

   — AB   ≅  — CD   and   — AD   ≅  — BC  . So, ABCD is a parallelogram by the Parallelogram 
Opposite Sides Converse.

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

 7. Show that quadrilateral JKLM is a parallelogram.

 8. Refer to the Concept Summary on page 379. 
Explain two other methods you can use to 
show that quadrilateral ABCD in Example 5 
is a parallelogram. x

y

−2

42−2

K

L

M

J

x

y
6

2

4 6−2−4

A(−3, 3)

B(2, 5)

C(5, 2)

D(0, 0)
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MONITORING PROGRESS 
ANSWERS

7. Sample answer (using Method 1): 
Because JK = LM =  √

—
 37  ,  — JK   ≅  — LM  . 

Because the slopes of  — JK   and  — LM   are 
both −6, they are parallel. So,  — JK   
and  — LM   are congruent and parallel, 
which means that JKLM is a 
parallelogram by the Opposite Sides 
Parallel and Congruent Theorem 
(Thm. 7.9).

 8. Sample answer: Find the slopes of 
all four sides and show that opposite 
sides are parallel. Another way is to 
fi nd the point of intersection of the 
diagonals and show that the diagonals 
bisect each other.

Extra Example 5
Show that quadrilateral ABCD is a 
parallelogram.

x

y
2

−4

−2

4 62−2−4−6
A(0, 0)

B(−2, −2)

C(2, −4)

D (4, −2)

Sample answer: Show that the diagonals  
— AC   and  — BD   bisect each other. Midpoint 

of   — AC   is  (   0 + 2 — 
2

  ,   0 + (−4) — 
2

   )  = (1, −2). 

Midpoint of   — BD   is  (   −2 + 4 — 
2

  ,    −2 + (−2) — 
2

   )  
= (1, −2). The diagonals have the same 
midpoint, so they bisect each other. So, 
by the Parallelogram Diagonals Converse 
Theorem (Thm. 7.10), quadrilateral ABCD 
is a parallelogram.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Pose Example 5, and then give partners time to work on the problem.
• MP1 Make Sense of Problems and Persevere in Solving Them: Do not rush in to 

solve this for them. Students know how to determine distances, find a slope, and compute the 
midpoint.

• Selective Responses: This is a problem in which students may use different strategies to 
prove ABCD is a parallelogram. Allow ample work time before asking selected students to share.

ClosureClosure
• Point of Most Significance: Ask students to identify, aloud or on a paper to be collected, 

the most significant point (or part) in the lesson that aided their learning.
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Slope(m) = rise
run

= y2 − y1
x2 − x1 Length = Dis tance = (x2 − x1)

2 + (y2 − y1)
2
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Using Coordinate Geometry

  Identifying a Parallelogram in the Coordinate Plane

Show that quadrilateral ABCD 
is a parallelogram.

SOLUTION

Method 1 Show that a pair of sides are congruent and parallel. Then apply the 
Opposite Sides Parallel and Congruent Theorem.

First, use the Distance Formula to show that  — AB   and  — CD   are congruent.

 AB =  √
——

  [2 − (−3)]2 + (5 − 3)2   =  √
—

 29  

 CD =  √
——

  (5 − 0)2 + (2 − 0)2   =  √
—

 29  

Because AB = CD =  √
—

 29  ,   — AB   ≅  — CD  .

Then, use the slope formula to show that  — AB   $  — CD  .

 slope of  — AB   =   5 – 3 — 
2 – (–3)

   =   2 — 
5
  

 slope of  — CD   =   2 – 0 — 
5 – 0

   =   2 — 
5
  

Because   — AB   and  — CD   have the same slope, they are parallel.

   — AB   and  — CD   are congruent and parallel. So, ABCD is a parallelogram by the 
Opposite Sides Parallel and Congruent Theorem.

Method 2 Show that opposite sides are congruent. Then apply the Parallelogram 
Opposite Sides Converse. In Method 1, you already have shown that 
because AB = CD =  √

—
 29  ,  — AB   ≅  — CD  . Now fi nd AD and BC.

 AD =  √
——

  (−3 − 0)2 + (3 − 0)2   = 3 √
—

 2  

 BC =  √
——

  (2 − 5)2 + (5 − 2)2   = 3 √
—

 2  

 Because AD = BC = 3 √
—

 2  ,   — AD   ≅  — BC  .

   — AB   ≅  — CD   and   — AD   ≅  — BC  . So, ABCD is a parallelogram by the Parallelogram 
Opposite Sides Converse.

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

 7. Show that quadrilateral JKLM is a parallelogram.

 8. Refer to the Concept Summary on page 379. 
Explain two other methods you can use to 
show that quadrilateral ABCD in Example 5 
is a parallelogram. x

y

−2

42−2

K

L

M

J

x

y
6

2

4 6−2−4

A(−3, 3)

B(2, 5)

C(5, 2)

D(0, 0)
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MONITORING PROGRESS 
ANSWERS

7. Sample answer (using Method 1): 
Because JK = LM =  √

—
 37  ,  — JK   ≅  — LM  . 

Because the slopes of  — JK   and  — LM   are 
both −6, they are parallel. So,  — JK   
and  — LM   are congruent and parallel, 
which means that JKLM is a 
parallelogram by the Opposite Sides 
Parallel and Congruent Theorem 
(Thm. 7.9).

 8. Sample answer: Find the slopes of 
all four sides and show that opposite 
sides are parallel. Another way is to 
fi nd the point of intersection of the 
diagonals and show that the diagonals 
bisect each other.

Extra Example 5
Show that quadrilateral ABCD is a 
parallelogram.

x

y
2

−4

−2

4 62−2−4−6
A(0, 0)

B(−2, −2)

C(2, −4)

D (4, −2)

Sample answer: Show that the diagonals  
— AC   and  — BD   bisect each other. Midpoint 

of   — AC   is  (   0 + 2 — 
2
  ,   0 + (−4) — 

2
   )  = (1, −2). 

Midpoint of   — BD   is  (   −2 + 4 — 
2
  ,    −2 + (−2) — 

2
   )  

= (1, −2). The diagonals have the same 
midpoint, so they bisect each other. So, 
by the Parallelogram Diagonals Converse 
Theorem (Thm. 7.10), quadrilateral ABCD 
is a parallelogram.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Pose Example 5, and then give partners time to work on the problem.
• MP1 Make Sense of Problems and Persevere in Solving Them: Do not rush in to 

solve this for them. Students know how to determine distances, find a slope, and compute the 
midpoint.

• Selective Responses: This is a problem in which students may use different strategies to 
prove ABCD is a parallelogram. Allow ample work time before asking selected students to share.

ClosureClosure
• Point of Most Significance: Ask students to identify, aloud or on a paper to be collected, 

the most significant point (or part) in the lesson that aided their learning.
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