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7.2;   PROPERTIES OF PARALLELOGRAMS 
 
CONVEX POLYGONS 
Sum of Interior Angles of a Convex Polygon = (N – 2) (180)     
Sum of Exterior Angles of a Convex Polygon = 360 
_________________________________________________________________________________________				

	
	
PARALLELOGRAM: A quadrilateral with both pairs of opposite sides parallel. 
 

 ;  

 
Would opposite sides be congruent?  If so, why? Would opposite angles be congruent?   
____________________________________________________________________________  
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 Section 7.2 T-366

Laurie’s Notes

Overview of Section 7.2
Introduction
• This lesson is about the properties of a parallelogram. The properties are investigated in the 

explorations.
• Thinking about the hierarchy of quadrilaterals, the parallelogram is just one type of 

quadrilateral. Other quadrilaterals that are not parallelograms are presented in Section 7.5.

trapezoidsparallelograms kites

quadrilaterals

• Synthetic, transformational, and analytic proofs could be used for different theorems in this 
lesson.

Teaching Strategy
• Transformational Proof: Here is a proof using transformations of Theorem 7.3, which 

states that the opposite sides of a parallelogram are congruent.
Given  ABCD is a parallelogram. 
Prove   — AB   ≅   — DC  ,   — BC   ≅   — AD  
• Draw diagonal   — BD   and let P be the midpoint of   — BD  . 
• Rotate the figure 180° about point P.
• — BD   rotates to itself.
• Because P is the midpoint of   — BD  ,  — PB   ≅   — PD   and B and D 

rotate to each other.
• By definition of a parallelogram,   — AB   "   — DC   and   — BC   "   — AD  , so 

∠ABD ≅ ∠CDB and ∠ADB ≅ ∠CBD by the Alternate Interior Angles Theorem 
(Thm. 3.2). Therefore, the two pairs of angles, ∠ABD and ∠CDB, and ∠ADB and 
∠CBD, rotate to each other.

• Because ∠ABD and ∠CDB coincide,  ###⃗ BA   and  ###⃗ DC   coincide. Because ∠ADB and 
∠CBD coincide,  ###⃗ DA    and  ###⃗ BC   coincide.

• Because two lines intersect in only one point, the intersection of   — BA   and   — DA  , point A, 
rotates to the intersection of   — DC   and   — BC  , point C, and vice versa.

• Therefore, the image of parallelogram ABCD is parallelogram CDAB.
• Based on what coincides,   — AB   ≅   — DC   and  — BC   ≅   — AD  .

Pacing Suggestion
• The explorations provide an opportunity for students to discover the properties of a 

parallelogram. Transition to the formal lesson as soon as students have discussed each 
exploration.
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7.2 Lesson What You Will LearnWhat You Will Learn
 Use properties to fi nd side lengths and angles of parallelograms.

 Use parallelograms in the coordinate plane.

Using Properties of Parallelograms
A parallelogram is a quadrilateral with both pairs 
of opposite sides parallel. In ▱PQRS,  — PQ   "  — RS   and 
— QR   "  — PS   by defi nition. The theorems below describe 
other properties of parallelograms.

 Parallelogram Opposite Sides Theorem

Given PQRS is a parallelogram.

Prove — PQ   ≅   — RS  ,  — QR   ≅   — SP  

a. Draw diagonal  — QS   to form △ PQS and △ RSQ.

b. Use the ASA Congruence Theorem (Thm. 5.10) to show that △ PQS ≅  △ RSQ.

c. Use congruent triangles to show that  — PQ   ≅   — RS   and  — QR   ≅   — SP  .

STATEMENTS REASONS
 1. PQRS is a parallelogram. 1. Given

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

 3.  — PQ   "  — RS  ,  — QR   "  — PS  3. Defi nition of parallelogram

b. 4. ∠PQS ≅  ∠RSQ,
∠PSQ ≅  ∠RQS

4. Alternate Interior Angles Theorem 
(Thm. 3.2)

 5.  — QS   ≅   — SQ  5. Refl exive Property of Congruence 
(Thm. 2.1)

 6. △ PQS ≅  △ RSQ 6. ASA Congruence Theorem (Thm. 5.10)

c. 7.  — PQ   ≅   — RS  ,  — QR   ≅   — SP   7. Corresponding parts of congruent 
triangles are congruent.

Plan 
in 

Action

parallelogram, p. 368

Previous
quadrilateral
diagonal
interior angles
segment bisector

Core VocabularyCore Vocabullarry

TheoremsTheorems
Theorem 7.3 Parallelogram Opposite Sides Theorem
If a quadrilateral is a parallelogram, then 
its opposite sides are congruent.

If PQRS is a parallelogram, then  — PQ   ≅   — RS   
and  — QR   ≅   — SP  .

Proof p. 368

Theorem 7.4 Parallelogram Opposite Angles Theorem
If a quadrilateral is a parallelogram, then 
its opposite angles are congruent.

If PQRS is a parallelogram, then ∠P ≅  ∠R 
and ∠Q ≅  ∠S.

Proof Ex. 37, p. 373
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English Language Learners

Notebook Development
Have students record the theorems  
on pages 368 and 369 in their 
notebooks. For each theorem, sketch 
a parallelogram and explain what the 
theorem says about the figure.

Teacher ActionsTeacher ActionsLaurie’s Notes
• MP6 Attend to Precision: Urge students to be careful with the definition of parallelogram. 

“A quadrilateral with parallel sides” is not the same as saying “a quadrilateral with both pairs of 
opposite sides parallel.” The first phrase could mean it is sufficient for only one pair of sides to 
be parallel.

• Whiteboarding: Discuss the first theorem. Have partners write a proof.
• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Compare 

and critique the proofs offered by several volunteers.
• Extension: You might also write a transformational proof of Theorem 7.3. See the Teaching 

Strategy on page T-366 for a sample proof.
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7.2 Lesson What You Will LearnWhat You Will Learn
 Use properties to fi nd side lengths and angles of parallelograms.

 Use parallelograms in the coordinate plane.

Using Properties of Parallelograms
A parallelogram is a quadrilateral with both pairs 
of opposite sides parallel. In ▱PQRS,  — PQ   "  — RS   and 
— QR   "  — PS   by defi nition. The theorems below describe 
other properties of parallelograms.
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English Language Learners

Notebook Development
Have students record the theorems  
on pages 368 and 369 in their 
notebooks. For each theorem, sketch 
a parallelogram and explain what the 
theorem says about the figure.

Teacher ActionsTeacher ActionsLaurie’s Notes
• MP6 Attend to Precision: Urge students to be careful with the definition of parallelogram. 

“A quadrilateral with parallel sides” is not the same as saying “a quadrilateral with both pairs of 
opposite sides parallel.” The first phrase could mean it is sufficient for only one pair of sides to 
be parallel.

• Whiteboarding: Discuss the first theorem. Have partners write a proof.
• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Compare 

and critique the proofs offered by several volunteers.
• Extension: You might also write a transformational proof of Theorem 7.3. See the Teaching 

Strategy on page T-366 for a sample proof.
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7.2 Lesson What You Will LearnWhat You Will Learn
 Use properties to fi nd side lengths and angles of parallelograms.

 Use parallelograms in the coordinate plane.

Using Properties of Parallelograms
A parallelogram is a quadrilateral with both pairs 
of opposite sides parallel. In ▱PQRS,  — PQ   "  — RS   and 
— QR   "  — PS   by defi nition. The theorems below describe 
other properties of parallelograms.

 Parallelogram Opposite Sides Theorem

Given PQRS is a parallelogram.
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a. Draw diagonal  — QS   to form △ PQS and △ RSQ.

b. Use the ASA Congruence Theorem (Thm. 5.10) to show that △ PQS ≅  △ RSQ.
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 1. PQRS is a parallelogram. 1. Given

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

 3.  — PQ   "  — RS  ,  — QR   "  — PS  3. Defi nition of parallelogram

b. 4. ∠PQS ≅  ∠RSQ,
∠PSQ ≅  ∠RQS

4. Alternate Interior Angles Theorem 
(Thm. 3.2)

 5.  — QS   ≅   — SQ  5. Refl exive Property of Congruence 
(Thm. 2.1)

 6. △ PQS ≅  △ RSQ 6. ASA Congruence Theorem (Thm. 5.10)

c. 7.  — PQ   ≅   — RS  ,  — QR   ≅   — SP   7. Corresponding parts of congruent 
triangles are congruent.
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TheoremsTheorems
Theorem 7.3 Parallelogram Opposite Sides Theorem
If a quadrilateral is a parallelogram, then 
its opposite sides are congruent.

If PQRS is a parallelogram, then  — PQ   ≅   — RS   
and  — QR   ≅   — SP  .

Proof p. 368

Theorem 7.4 Parallelogram Opposite Angles Theorem
If a quadrilateral is a parallelogram, then 
its opposite angles are congruent.

If PQRS is a parallelogram, then ∠P ≅  ∠R 
and ∠Q ≅  ∠S.
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English Language Learners

Notebook Development
Have students record the theorems  
on pages 368 and 369 in their 
notebooks. For each theorem, sketch 
a parallelogram and explain what the 
theorem says about the figure.

Teacher ActionsTeacher ActionsLaurie’s Notes
• MP6 Attend to Precision: Urge students to be careful with the definition of parallelogram. 

“A quadrilateral with parallel sides” is not the same as saying “a quadrilateral with both pairs of 
opposite sides parallel.” The first phrase could mean it is sufficient for only one pair of sides to 
be parallel.

• Whiteboarding: Discuss the first theorem. Have partners write a proof.
• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Compare 

and critique the proofs offered by several volunteers.
• Extension: You might also write a transformational proof of Theorem 7.3. See the Teaching 

Strategy on page T-366 for a sample proof.
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7.2 Lesson What You Will LearnWhat You Will Learn
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Theorem 7.3 Parallelogram Opposite Sides Theorem
If a quadrilateral is a parallelogram, then 
its opposite sides are congruent.
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and  — QR   ≅   — SP  .

Proof p. 368
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English Language Learners

Notebook Development
Have students record the theorems  
on pages 368 and 369 in their 
notebooks. For each theorem, sketch 
a parallelogram and explain what the 
theorem says about the figure.

Teacher ActionsTeacher ActionsLaurie’s Notes
• MP6 Attend to Precision: Urge students to be careful with the definition of parallelogram. 

“A quadrilateral with parallel sides” is not the same as saying “a quadrilateral with both pairs of 
opposite sides parallel.” The first phrase could mean it is sufficient for only one pair of sides to 
be parallel.

• Whiteboarding: Discuss the first theorem. Have partners write a proof.
• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Compare 

and critique the proofs offered by several volunteers.
• Extension: You might also write a transformational proof of Theorem 7.3. See the Teaching 

Strategy on page T-366 for a sample proof.
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PROPERTIES OF PARALLELOGRAMS: If a quadrilateral is a parallelogram then its…. 
1.  Opposite sides are congruent.  (Parallelogram Opposite Sides Theorem) 
2.  Opposite angles are congruent.  (Parallelogram Opposite Angles Theorem) 
3.  Diagonals bisect each other.    (Parallelogram Diagonals Theorem) 
4. Consecutive angles are supplementary.   (Parallelogram Consecutive Angles Theorem) 

 
Find the values of x and y. 

       
 
 
 
 
 
 
 
 
 
 
 
PRACTICE:  Show your work.      (Group Work) 

 
 
FG  = _________     X = _________ Y = __________ 
 

= _________      = _________ 
 

= _________      = ________ 
 

= _________      = ________ 
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 Section 7.2  Properties of Parallelograms 369

 Using Properties of Parallelograms

Find the values of x and y.

SOLUTION

ABCD is a parallelogram by the defi nition of a parallelogram. 
Use the Parallelogram Opposite Sides Theorem to fi nd the 
value of x.

 AB =  CD Opposite sides of a parallelogram are congruent.

 x +  4 =  12 Substitute x +  4 for AB and 12 for CD.

 x =  8 Subtract 4 from each side.

By the Parallelogram Opposite Angles Theorem, ∠A ≅ ∠C, or m∠A =  m∠C. 
So, y° =  65°.

 In ▱ABCD, x =  8 and y =  65.

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

 1. Find FG and m∠G. 2. Find the values of x and y.

  F

G H

E
60°

8

  J

K L

M

50°

2x°

18
y +  3

 

The Consecutive Interior Angles Theorem (Theorem 3.4) states 
that if two parallel lines are cut by a transversal, then the pairs 
of consecutive interior angles formed are supplementary.

A pair of consecutive angles in a parallelogram is like a pair 
of consecutive interior angles between parallel lines. This 
similarity suggests the Parallelogram Consecutive Angles 
Theorem.

TheoremsTheorems
Theorem 7.5 Parallelogram Consecutive Angles Theorem
If a quadrilateral is a parallelogram, then its 
consecutive angles are supplementary.

If PQRS is a parallelogram, then x° +  y° =  180°.

Proof Ex. 38, p. 373

Theorem 7.6 Parallelogram Diagonals Theorem
If a quadrilateral is a parallelogram, then its 
diagonals bisect each other.

If PQRS is a parallelogram, then  — QM   ≅  — SM   
and   — PM   ≅  — RM  .

Proof p. 370

D

A B

C12

x +  4

65°

y°

x°

y°

P

Q R

S

x° y°

x°y°

P

Q R

S

M
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MONITORING PROGRESS 
ANSWERS

1. FG =  8, m∠G =  60°
2. x =  25, y =  15

Extra Example 1
Find the values of x and y.

54°

2x°

20
3y − 1

Q R

SP

x =  27, y =  7

Teacher ActionsTeacher ActionsLaurie’s Notes
• Think-Pair-Share: Have students work independently on Example 1 and then compare with 

partners.
 “If you know the measure of one angle of a parallelogram, how can you find the measure of the 
two adjacent angles?” The adjacent angles will be supplementary to the known angle, because 
the consecutive interior angles formed by parallel lines cut by a transversal are supplementary.

 “What do you know about the diagonals of a parallelogram?” They bisect each other.

Differentiated Instruction

Visual
Ask students whether or not the 
diagonals of a parallelogram always 
bisect the opposite angles of the 
parallelogram. If not, have them 
identify a counterexample (non-square 
rectangle). Ask students to name the 
types of parallelogram for which this 
statement is always true (rhombus, 
square).
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x =  27, y =  7

Teacher ActionsTeacher ActionsLaurie’s Notes
• Think-Pair-Share: Have students work independently on Example 1 and then compare with 

partners.
 “If you know the measure of one angle of a parallelogram, how can you find the measure of the 
two adjacent angles?” The adjacent angles will be supplementary to the known angle, because 
the consecutive interior angles formed by parallel lines cut by a transversal are supplementary.

 “What do you know about the diagonals of a parallelogram?” They bisect each other.

Differentiated Instruction

Visual
Ask students whether or not the 
diagonals of a parallelogram always 
bisect the opposite angles of the 
parallelogram. If not, have them 
identify a counterexample (non-square 
rectangle). Ask students to name the 
types of parallelogram for which this 
statement is always true (rhombus, 
square).
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m∠H m∠M

m∠F m∠K
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PARALLELOGRAM DIAGONALS THEOREM 

``	  
 
 
 
 
PARALLELOGRAM CONSECUTIVE ANGLE THEOREM 

 
 
IF LINES ARE PARALLEL, THEN SAME SIDE INTERIOR ANGLES ARE _________________ 
 
____________________________________________________________________________ 
PRACTICE:  Show a diagram with labels.  Show your work.    (Group Work) 

1. In parallelogram PQRS,   is four times .  Find  
 
 
 
 
 
 
 
 
 
 

2. Find the value of each variable in the parallelogram.    
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 Using Properties of Parallelograms

Find the values of x and y.

SOLUTION

ABCD is a parallelogram by the defi nition of a parallelogram. 
Use the Parallelogram Opposite Sides Theorem to fi nd the 
value of x.

 AB =  CD Opposite sides of a parallelogram are congruent.

 x +  4 =  12 Substitute x +  4 for AB and 12 for CD.

 x =  8 Subtract 4 from each side.

By the Parallelogram Opposite Angles Theorem, ∠A ≅ ∠C, or m∠A =  m∠C. 
So, y° =  65°.

 In ▱ABCD, x =  8 and y =  65.

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

 1. Find FG and m∠G. 2. Find the values of x and y.

  F

G H

E
60°

8

  J

K L

M

50°

2x°

18
y +  3

 

The Consecutive Interior Angles Theorem (Theorem 3.4) states 
that if two parallel lines are cut by a transversal, then the pairs 
of consecutive interior angles formed are supplementary.

A pair of consecutive angles in a parallelogram is like a pair 
of consecutive interior angles between parallel lines. This 
similarity suggests the Parallelogram Consecutive Angles 
Theorem.

TheoremsTheorems
Theorem 7.5 Parallelogram Consecutive Angles Theorem
If a quadrilateral is a parallelogram, then its 
consecutive angles are supplementary.

If PQRS is a parallelogram, then x° +  y° =  180°.

Proof Ex. 38, p. 373

Theorem 7.6 Parallelogram Diagonals Theorem
If a quadrilateral is a parallelogram, then its 
diagonals bisect each other.

If PQRS is a parallelogram, then  — QM   ≅  — SM   
and   — PM   ≅  — RM  .

Proof p. 370

D

A B

C12

x +  4

65°

y°

x°

y°

P

Q R

S

x° y°

x°y°

P

Q R

S

M
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MONITORING PROGRESS 
ANSWERS

1. FG =  8, m∠G =  60°
2. x =  25, y =  15

Extra Example 1
Find the values of x and y.

54°

2x°

20
3y − 1

Q R

SP

x =  27, y =  7

Teacher ActionsTeacher ActionsLaurie’s Notes
• Think-Pair-Share: Have students work independently on Example 1 and then compare with 

partners.
 “If you know the measure of one angle of a parallelogram, how can you find the measure of the 
two adjacent angles?” The adjacent angles will be supplementary to the known angle, because 
the consecutive interior angles formed by parallel lines cut by a transversal are supplementary.

 “What do you know about the diagonals of a parallelogram?” They bisect each other.

Differentiated Instruction

Visual
Ask students whether or not the 
diagonals of a parallelogram always 
bisect the opposite angles of the 
parallelogram. If not, have them 
identify a counterexample (non-square 
rectangle). Ask students to name the 
types of parallelogram for which this 
statement is always true (rhombus, 
square).
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7.2 Lesson What You Will LearnWhat You Will Learn
 Use properties to fi nd side lengths and angles of parallelograms.

 Use parallelograms in the coordinate plane.

Using Properties of Parallelograms
A parallelogram is a quadrilateral with both pairs 
of opposite sides parallel. In ▱PQRS,  — PQ   "  — RS   and 
— QR   "  — PS   by defi nition. The theorems below describe 
other properties of parallelograms.

 Parallelogram Opposite Sides Theorem

Given PQRS is a parallelogram.

Prove — PQ   ≅   — RS  ,  — QR   ≅   — SP  

a. Draw diagonal  — QS   to form △ PQS and △ RSQ.

b. Use the ASA Congruence Theorem (Thm. 5.10) to show that △ PQS ≅  △ RSQ.

c. Use congruent triangles to show that  — PQ   ≅   — RS   and  — QR   ≅   — SP  .

STATEMENTS REASONS
 1. PQRS is a parallelogram. 1. Given

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

 3.  — PQ   "  — RS  ,  — QR   "  — PS  3. Defi nition of parallelogram

b. 4. ∠PQS ≅  ∠RSQ,
∠PSQ ≅  ∠RQS

4. Alternate Interior Angles Theorem 
(Thm. 3.2)

 5.  — QS   ≅   — SQ  5. Refl exive Property of Congruence 
(Thm. 2.1)

 6. △ PQS ≅  △ RSQ 6. ASA Congruence Theorem (Thm. 5.10)

c. 7.  — PQ   ≅   — RS  ,  — QR   ≅   — SP   7. Corresponding parts of congruent 
triangles are congruent.

Plan 
in 

Action

parallelogram, p. 368

Previous
quadrilateral
diagonal
interior angles
segment bisector

Core VocabularyCore Vocabullarry

TheoremsTheorems
Theorem 7.3 Parallelogram Opposite Sides Theorem
If a quadrilateral is a parallelogram, then 
its opposite sides are congruent.

If PQRS is a parallelogram, then  — PQ   ≅   — RS   
and  — QR   ≅   — SP  .

Proof p. 368

Theorem 7.4 Parallelogram Opposite Angles Theorem
If a quadrilateral is a parallelogram, then 
its opposite angles are congruent.

If PQRS is a parallelogram, then ∠P ≅  ∠R 
and ∠Q ≅  ∠S.

Proof Ex. 37, p. 373

Plan 
for 

Proof

P

Q R

S

P

Q R

S

P

Q R

S

P

Q R

S
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English Language Learners

Notebook Development
Have students record the theorems  
on pages 368 and 369 in their 
notebooks. For each theorem, sketch 
a parallelogram and explain what the 
theorem says about the figure.

Teacher ActionsTeacher ActionsLaurie’s Notes
• MP6 Attend to Precision: Urge students to be careful with the definition of parallelogram. 

“A quadrilateral with parallel sides” is not the same as saying “a quadrilateral with both pairs of 
opposite sides parallel.” The first phrase could mean it is sufficient for only one pair of sides to 
be parallel.

• Whiteboarding: Discuss the first theorem. Have partners write a proof.
• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Compare 

and critique the proofs offered by several volunteers.
• Extension: You might also write a transformational proof of Theorem 7.3. See the Teaching 

Strategy on page T-366 for a sample proof.
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 Using Properties of Parallelograms

Find the values of x and y.

SOLUTION

ABCD is a parallelogram by the defi nition of a parallelogram. 
Use the Parallelogram Opposite Sides Theorem to fi nd the 
value of x.

 AB =  CD Opposite sides of a parallelogram are congruent.

 x +  4 =  12 Substitute x +  4 for AB and 12 for CD.

 x =  8 Subtract 4 from each side.

By the Parallelogram Opposite Angles Theorem, ∠A ≅ ∠C, or m∠A =  m∠C. 
So, y° =  65°.

 In ▱ABCD, x =  8 and y =  65.

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

 1. Find FG and m∠G. 2. Find the values of x and y.

  F

G H

E
60°

8

  J

K L

M

50°

2x°

18
y +  3

 

The Consecutive Interior Angles Theorem (Theorem 3.4) states 
that if two parallel lines are cut by a transversal, then the pairs 
of consecutive interior angles formed are supplementary.

A pair of consecutive angles in a parallelogram is like a pair 
of consecutive interior angles between parallel lines. This 
similarity suggests the Parallelogram Consecutive Angles 
Theorem.

TheoremsTheorems
Theorem 7.5 Parallelogram Consecutive Angles Theorem
If a quadrilateral is a parallelogram, then its 
consecutive angles are supplementary.

If PQRS is a parallelogram, then x° +  y° =  180°.

Proof Ex. 38, p. 373

Theorem 7.6 Parallelogram Diagonals Theorem
If a quadrilateral is a parallelogram, then its 
diagonals bisect each other.

If PQRS is a parallelogram, then  — QM   ≅  — SM   
and   — PM   ≅  — RM  .

Proof p. 370

D

A B

C12

x +  4

65°

y°

x°

y°

P

Q R

S

x° y°

x°y°

P

Q R

S

M
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MONITORING PROGRESS 
ANSWERS

1. FG =  8, m∠G =  60°
2. x =  25, y =  15

Extra Example 1
Find the values of x and y.

54°

2x°

20
3y − 1

Q R

SP

x =  27, y =  7

Teacher ActionsTeacher ActionsLaurie’s Notes
• Think-Pair-Share: Have students work independently on Example 1 and then compare with 

partners.
 “If you know the measure of one angle of a parallelogram, how can you find the measure of the 
two adjacent angles?” The adjacent angles will be supplementary to the known angle, because 
the consecutive interior angles formed by parallel lines cut by a transversal are supplementary.

 “What do you know about the diagonals of a parallelogram?” They bisect each other.

Differentiated Instruction

Visual
Ask students whether or not the 
diagonals of a parallelogram always 
bisect the opposite angles of the 
parallelogram. If not, have them 
identify a counterexample (non-square 
rectangle). Ask students to name the 
types of parallelogram for which this 
statement is always true (rhombus, 
square).
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Exercises7.2 Dynamic Solutions available at BigIdeasMath.com

 1.  VOCABULARY Why is a parallelogram always a quadrilateral, but a quadrilateral is only 
sometimes a parallelogram?

 2.  WRITING You are given one angle measure of a parallelogram. Explain how you can fi nd the 
other angle measures of the parallelogram.

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

In Exercises 3–6, fi nd the value of each variable in the 
parallelogram. (See Example 1.)

 3. 

15

9

y

x
 4. 

12

6

n

m +  1

 5. 

20 z − 8
(d − 21)°

105°

 6. 

In Exercises 7 and 8, fi nd the measure of the indicated 
angle in the parallelogram. (See Example 2.)

 7. Find m∠B. 8. Find m∠N.

  A D

CB

51°
  L P

NM
95°

In Exercises 9–16, fi nd the indicated measure in 
▱LMNQ. Explain your reasoning.

 9. LM

 10. LP

 11. LQ

 12. MQ

 13. m∠LMN

 14. m∠NQL

 15. m∠MNQ

 16. m∠LMQ

In Exercises 17–20, fi nd the value of each variable in the 
parallelogram.

 17. 70°

2m° n°

 18. 

 19. k +  4

m

8

11

 

 20. 

2u +  2

5u − 10
6

v
3

ERROR ANALYSIS In Exercises 21 and 22, describe and 
correct the error in using properties of parallelograms.

21. 

V

UT

S
50°

Because quadrilateral STUV is a 
parallelogram, ∠S ≅ ∠V. So, m∠V = 50°.

✗

22. 

K

G H

J

F

Because quadrilateral GHJK is 
a parallelogram,  — GF   ≅  — FH  .

✗

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

7 16 − h
(g +  4)°

65°

P

NQ

ML

29°

100°

13

7 8

8.2

(b − 10)° (b +  10)°

d° c°

hs_geo_pe_0702.indd   372 1/19/15   11:51 AM

ANSWERS
 1. In order to be a quadrilateral, a 

polygon must have 4 sides, and 
parallelograms always have 4 sides. 
In order to be a parallelogram, a 
polygon must have 4 sides with 
opposite sides parallel. Quadrilaterals 
always have 4 sides, but do not 
always have opposite sides parallel.

 2. The two angles that are consecutive 
to the given angle are supplementary 
to it. So, you can fi nd each of their 
measures by subtracting the measure 
of the given angle from 180°. The 
angle opposite the given angle is 
congruent and therefore has the same 
measure.

3. x =  9, y =  15
4. m =  5, n =  12
5. d =  126, z =  28
6. g =  61, h =  9
7. 129°
8. 85°
9. 13; By the Parallelogram Opposite 

Sides Theorem (Thm. 7.3), 
LM =  QN.

10. 7; By the Parallelogram Diagonals 
Theorem (Thm. 7.6), LP =  PN.

11. 8; By the Parallelogram Opposite 
Sides Theorem (Thm. 7.3), 
LQ =  MN.

12. 16.4; By the Parallelogram Diagonals 
Theorem (Thm. 7.6), MP =  PQ. So, 
MQ =  2 ⋅ 8.2.

 13. 80°; By the Parallelogram 
Consecutive Angles Theorem 
(Thm. 7.5), ∠QLM and ∠LMN 
are supplementary. So, 
m∠LMN =  180° − 100°.

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–29 odd, 33, 42, 48–50
Average: 1, 2, 6–32 even, 33, 36, 
39–42, 45, 48–50
Advanced: 1, 2, 6–26 even, 30–34, 
40–50

HOMEWORK CHECK

Basic: 5, 9, 19, 25, 27
Average: 6, 10, 20, 24, 26
Advanced: 10, 20, 26, 45, 47

 14. 80°; By the Parallelogram Consecutive 
Angles Theorem (Thm. 7.5), ∠QLM and 
∠NQL are supplementary. So, 
m∠NQL =  180° − 100°.

 15. 100°; By the Parallelogram Opposite Angles 
Theorem (Thm. 7.4), m∠QLM =  m∠MNQ.

 16. 29°; By the Alternate Interior Angles 
Theorem (Thm. 3.2), m∠LMQ =  m∠MQN.

 17. m =  35, n =  110
 18. b =  90, c =  80, d =  100
 19. k =  7, m =  8
 20. u =  4, v =  18

 21. In a parallelogram, consecutive angles 
are supplementary; Because 
quadrilateral STUV is a parallelogram, 
∠S and ∠V are supplementary. So, 
m∠V =  180° − 50° =  130°.

 22. In a parallelogram, the diagonals bisect each 
other. So the two parts of  — GJ   are congruent 
to each other; Because quadrilateral GHJK 
is a parallelogram,  — GF   ≅  — FJ  .
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Exercises7.2 Dynamic Solutions available at BigIdeasMath.com

 1.  VOCABULARY Why is a parallelogram always a quadrilateral, but a quadrilateral is only 
sometimes a parallelogram?

 2.  WRITING You are given one angle measure of a parallelogram. Explain how you can fi nd the 
other angle measures of the parallelogram.

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

In Exercises 3–6, fi nd the value of each variable in the 
parallelogram. (See Example 1.)

 3. 

15

9

y

x
 4. 

12

6

n

m +  1

 5. 

20 z − 8
(d − 21)°

105°

 6. 

In Exercises 7 and 8, fi nd the measure of the indicated 
angle in the parallelogram. (See Example 2.)

 7. Find m∠B. 8. Find m∠N.

  A D

CB

51°
  L P

NM
95°

In Exercises 9–16, fi nd the indicated measure in 
▱LMNQ. Explain your reasoning.

 9. LM

 10. LP

 11. LQ

 12. MQ

 13. m∠LMN

 14. m∠NQL

 15. m∠MNQ

 16. m∠LMQ

In Exercises 17–20, fi nd the value of each variable in the 
parallelogram.

 17. 70°

2m° n°

 18. 

 19. k +  4

m

8

11

 

 20. 

2u +  2

5u − 10
6

v
3

ERROR ANALYSIS In Exercises 21 and 22, describe and 
correct the error in using properties of parallelograms.

21. 

V

UT

S
50°

Because quadrilateral STUV is a 
parallelogram, ∠S ≅ ∠V. So, m∠V = 50°.

✗

22. 

K

G H

J

F

Because quadrilateral GHJK is 
a parallelogram,  — GF   ≅  — FH  .

✗

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

7 16 − h
(g +  4)°

65°

P

NQ

ML

29°

100°

13

7 8

8.2

(b − 10)° (b +  10)°

d° c°
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ANSWERS
 1. In order to be a quadrilateral, a 

polygon must have 4 sides, and 
parallelograms always have 4 sides. 
In order to be a parallelogram, a 
polygon must have 4 sides with 
opposite sides parallel. Quadrilaterals 
always have 4 sides, but do not 
always have opposite sides parallel.

 2. The two angles that are consecutive 
to the given angle are supplementary 
to it. So, you can fi nd each of their 
measures by subtracting the measure 
of the given angle from 180°. The 
angle opposite the given angle is 
congruent and therefore has the same 
measure.

3. x =  9, y =  15
4. m =  5, n =  12
5. d =  126, z =  28
6. g =  61, h =  9
7. 129°
8. 85°
9. 13; By the Parallelogram Opposite 

Sides Theorem (Thm. 7.3), 
LM =  QN.

10. 7; By the Parallelogram Diagonals 
Theorem (Thm. 7.6), LP =  PN.

11. 8; By the Parallelogram Opposite 
Sides Theorem (Thm. 7.3), 
LQ =  MN.

12. 16.4; By the Parallelogram Diagonals 
Theorem (Thm. 7.6), MP =  PQ. So, 
MQ =  2 ⋅ 8.2.

 13. 80°; By the Parallelogram 
Consecutive Angles Theorem 
(Thm. 7.5), ∠QLM and ∠LMN 
are supplementary. So, 
m∠LMN =  180° − 100°.

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1, 2, 3–29 odd, 33, 42, 48–50
Average: 1, 2, 6–32 even, 33, 36, 
39–42, 45, 48–50
Advanced: 1, 2, 6–26 even, 30–34, 
40–50

HOMEWORK CHECK

Basic: 5, 9, 19, 25, 27
Average: 6, 10, 20, 24, 26
Advanced: 10, 20, 26, 45, 47

 14. 80°; By the Parallelogram Consecutive 
Angles Theorem (Thm. 7.5), ∠QLM and 
∠NQL are supplementary. So, 
m∠NQL =  180° − 100°.

 15. 100°; By the Parallelogram Opposite Angles 
Theorem (Thm. 7.4), m∠QLM =  m∠MNQ.

 16. 29°; By the Alternate Interior Angles 
Theorem (Thm. 3.2), m∠LMQ =  m∠MQN.

 17. m =  35, n =  110
 18. b =  90, c =  80, d =  100
 19. k =  7, m =  8
 20. u =  4, v =  18

 21. In a parallelogram, consecutive angles 
are supplementary; Because 
quadrilateral STUV is a parallelogram, 
∠S and ∠V are supplementary. So, 
m∠V =  180° − 50° =  130°.

 22. In a parallelogram, the diagonals bisect each 
other. So the two parts of  — GJ   are congruent 
to each other; Because quadrilateral GHJK 
is a parallelogram,  — GF   ≅  — FJ  .
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Parallelograms in the Coordinate Plane 

1.   
 

 
 

2.  

 
 
PRACTICE 

 
 
 
 
 
 
HW7.2, 1, 2, 5-33 odd; 39, 40, 45, 48-50; (please show diagram and work on 
paper) 

 Section 7.2 371

 Section 7.2  Properties of Parallelograms 371

Using Parallelograms in the Coordinate Plane

 Using Parallelograms in the Coordinate Plane

Find the coordinates of the intersection of the diagonals of ▱LMNO with vertices 
L(1, 4), M(7, 4), N(6, 0), and O(0, 0).

SOLUTION

By the Parallelogram Diagonals Theorem, the diagonals of a parallelogram bisect each 
other. So, the coordinates of the intersection are the midpoints of diagonals  — LN   and  —OM  .

coordinates of midpoint of  — OM   =   (   7 +  0 — 
2

  ,   4 +  0 — 
2

   )  =   (   7 — 
2

  , 2 )  Midpoint Formula

  The coordinates of the intersection

of the diagonals are  (   7 — 2  , 2 ) . You can
check your answer by graphing ▱LMNO 
and drawing the diagonals. The point of 
intersection appears to be correct.

 Using Parallelograms in the Coordinate Plane

Three vertices of ▱WXYZ are W(−1, −3), X(−3, 2), and Z(4, −4). Find the 
coordinates of vertex Y.

SOLUTION

Step 1 Graph the vertices W, X, and Z.

Step 2 Find the slope of  — WX  .

slope of  — WX   =    2 – (–3) — 
–3 – (–1)

   =    5 — 
–2

   =  −  5 — 
2

  

Step 3 Start at Z(4, −4). Use the rise and run 
from Step 2 to fi nd vertex Y.

A rise of 5 represents a change of 5 units 
up. A run of −2 represents a change of 
2 units left.

So, plot the point that is 5 units up and 
2 units left from Z(4, −4). The point is 
(2, 1). Label it as vertex Y.

Step 4 Find the slopes of  — XY   and  — WZ   to verify that they are parallel.

slope of  — XY   =    1 − 2 — 
2 − (−3)

   =    −1 — 
5

   =  −  1 — 
5

     slope of  — WZ   =    −4 − (−3) — 
4 − (−1)

   =    −1 — 
5

   =  −  1 — 
5

  

 So, the coordinates of vertex Y are (2, 1).

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

 5. Find the coordinates of the intersection of the diagonals of ▱STUV with vertices 
S(−2, 3), T(1, 5), U(6, 3), and V(3, 1).

 6. Three vertices of ▱ABCD are A(2, 4), B(5, 2), and C(3, −1). Find the coordinates 
of vertex D. 

JUSTIFYING STEPS
In Example 4, you can use 
either diagonal to fi nd 
the coordinates of the 
intersection. Using diagonal  — OM   helps simplify the 
calculation because 
one endpoint is (0, 0).

REMEMBER
When graphing a polygon 
in the coordinate plane, the 
name of the polygon gives 
the order of the vertices.

x

y

4

2

42 8O

M

N

L

x

y

2

−4

2−4

W
Z

X

5
5

−2
−2

Y(2, 1)
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Extra Example 4
Find the coordinates of the intersection 
of the diagonals of ▱ABCD  with vertices 
A(1, 0), B(6, 0), C(5, 3), and D(0, 3).  ( 3,   3 — 2   )    

Extra Example 5
Three vertices of ▱DEFG  are D(–1, 4), 
E(2, 3), and F(4, –2). Find the coordinates 
of vertex G. (1, –1) 

Teacher ActionsTeacher ActionsLaurie’s Notes
• Extension: The Midpoint Formula is used in Example 4. Alternately, determine the equations 

of the diagonals and find the point of intersection.
 In Example 5, the name of the parallelogram is given, which determines the order of the vertices. 
Ask, “In general, given three coordinates of a parallelogram, is there more than one possible 
location for the fourth vertex? Explain.” yes; (6, –9) also works.

ClosureClosure
• Exit Ticket: Draw parallelogram ABCD with m∠A =  72° and BC =  8.2 centimeters. Find 

m∠B and the length of   — AD  . 108°; 8.2 centimeters

MONITORING PROGRESS 
ANSWERS

5. (2, 3)
6. D(0, 1)

hscc_geo_te_0702.indd   371hscc_geo_te_0702.indd   371 2/12/15   3:39 PM2/12/15   3:39 PM

 Section 7.2 371

 Section 7.2  Properties of Parallelograms 371

Using Parallelograms in the Coordinate Plane

 Using Parallelograms in the Coordinate Plane

Find the coordinates of the intersection of the diagonals of ▱LMNO with vertices 
L(1, 4), M(7, 4), N(6, 0), and O(0, 0).

SOLUTION

By the Parallelogram Diagonals Theorem, the diagonals of a parallelogram bisect each 
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  , 2 )  Midpoint Formula

  The coordinates of the intersection

of the diagonals are  (   7 — 2  , 2 ) . You can
check your answer by graphing ▱LMNO 
and drawing the diagonals. The point of 
intersection appears to be correct.

 Using Parallelograms in the Coordinate Plane
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 So, the coordinates of vertex Y are (2, 1).
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