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Quadrilater...

Module 7: Quadrilaterals
Geometry

Content Objective

Students apply and prove theocrems about the properties of
| parallelograms.

Students use the properties of rectangles to determine whether a
parallelogram is a rectangle and to write proofs.

J Students apply and prove the properties of rhombi and squares.

Students recoanize and apblv the properties of trapezoids and
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MA.912.GR.1.4

Prove relationships and theorems about parallelograms. Sclve
mathematical and real-world problems involving postulates,
relationships and theorems of parallelograms.

MA.912.GR. 3.2

Given a mathematical context, use coordinate geometry to classify or
justify definitions, properties and theorems involving circles, triangles or
quadrilaterals.

MA.912.GR.3.3
Use coordinate geometry to solve mathematical and real-world
geometric problems involving lines, circles, triangles and quadrilaterals.

| MA.912.GR.1.5
Prove relationships and theorems about trapezoids. Solve
mathematical and real-world problems involving postulates,

relationships and thecrems of trapezoids.
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‘Cj Theorems

Theorem 7.3 Parallelogram Opposite Sides Theorem

If a quadrilateral is a parallelogram, then o R

its opposite sides are congruent. H

If PQRS is a parallelogram, then PQ = RS / /
dQR =S5P. "

an Q P mw S

Proof p. 368

Theorem 7.4 Parallelogram Opposite Angles Theorem
If a quadrilateral is a parallelogram, then

its opposite angles are congruent. ~ —
If PORS is a parallelogram, then ZP = ZR
and /0 = /S§. \ e

Proof Ex. 37, p. 373




2 Theorems

Theorem 7.7 “Paraifelogram Opposite Sides Converse
IF50th pairs of opposite sides of a quadrilateral are B c
congruent. then the quadrilateral is a parallelogram.

If AB =CD and BC = DA, then ABCD is
a parallelogram. A

f |

AdjH St
Theorem 7.8 " Paratteiogram Opposite Angles Convetse
ITboth pairs of opposite angles of a quadrilateral are 'Ob $'0

congruent, then the quadrilateral is a parallelogram. c

If £ZA = /Cand 2B :‘QS@% ey %

a parallelogram. Ina. Qu
Proof Ex. 39, p. 383 A D
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Theorem 7.5 Parallelogram Consecutive Angles Theorem

If a quadrilateral is a parallelogram, then its Q_
consecutive angles are supplementary. x
If PORS 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 PORS is a parallelogram, then QM = SM
and PM = RM.
Proof p. 370

Pear Deck Interactive Slide
Do not remove this bar

Students, draw anywhere on this slide!

el
&) Theorems

Theorem 7.9 Opposite Sides Parallel and Congruent Theorem

If one pair of opposite sides of a quadrilateral are congruent g

P G
and parallel, then the quadrilateral is a parallelogram. i R
If BC ||AD and BC = AD, then ABCD is / /

a marallalacsean
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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
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&) Core Concept

Rhombuses, Rectangles, and Squares

B O g

5 " i X

A rhombus is a A rectangle is a A square is a parallelogram
parallelogram with parallelogram with with four congruent sides
four congruent sides. four right angles. and four right angles.

\.
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' &) Corollaries

Corollary 7.2 Rhombus Corollary

A quadrilateral is a rhombus if and only if it has A B
four congruent sides.

ABCD is a rhombus if and only if ;

AB =BC =CD =AD.

Proof Ex. 81, p. 396

Corollary 7.3 Rectangle Corollary

A quadrilateral is a rectangle if and only if it has A B
four right angles. 1 L]

ABCD is a rectangle if and only if = =
ZA, ZB, ZC, and ZD are right angles. D C

Proof Ex. 82, p. 396

Corollary 7.4 Square Corollary

A quadrilateral is a square if and only if it is A B

a rhombus and a rectangle. I:] q
ARCD is a samare if and onlv if [
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AB =BC =CD =AD and £A, £B, £C, D C
and £D are right angles.

Proof Ex. 83, p. 396
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) Theorems

Theorem-ZH—Rhembus Diagonals Theorem A

A parallelogram is a rhombus if and ys'f its
diagonals are perpendicular.

[JABCD is a thombus if and only if AC L BD.
Proof p. 390; Ex. 72, p. 395

Theorenr 12— Rhiombus-Bpposite Angles Thoerem

A parallelogram is a rhombus if and only if each t A
diagonal bisects a pair of opposite angles. L

LJABCD is a thombus if and only if AC bisects ZBCD
and ZBAD, and BD bisects ZABC and ZADC.

Proof Exs. 73 and 74, p. 395
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2 Theorem

Theorem 7.13 Rectangle Diagonals Theorem N\

A parallelogram is a rectangle if and only if A "
its diagonals are congruent. T
[JABCD is a rectangle if and only ifAC = BD. T
Proof Exs. 87 and 88, p. 396 D -
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A square is a parallelogram with all four sides " . =
and all four angles congruent. All of the
properties of parallelograms, rectangles, and
rhombi apply to squares. For example, the
diagonals of a square bisect each other
(parallelogram), are congruent (rectangle), and N l L
are perpendicular (rhombus).

“"
% -
.
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Theorems: Conditions for Rhombi and Squares
Theorem 7.17
If the diagonals of a parallelogram are perpj.ndlcular then the

parallelogram is a fz e 0/]3\( (han,lybs

Theorem 7.18
If one diagonal of a parallelogram bisects a pair of op&)osite angles,

then the parallelogram i |sa \A,SJ s \A(,{f(_/

Theorem 7.19
If two consecutive sides of a paralleloT{lm are congruent, then the

parallelogram is a m/?/' V‘ OM M 5

Theorem 7.20
If a quadrilateral is both a rectangle and a rhombus, then it is a

B QUare.

Students, draw anywhere on this slide!
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base

A trapezoid is a quadrilateral withrat least one

pairofparallel sides. In a trapezoid that is not a
parallelogram, the parallel sides are called the leg
bases and the nonparallel sides are called legs. '

leg

. hase
A base anale is formed hv a hase and a lea. In
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trapezoid ABCD, AA and £B are one pair of
base angles, and 2C and £D are the other pair.
If the legs are congruent, then a trapezoid is an
isosceles trapezoid.

Pear Deck Interactive Slide

Students, draw anywhere on this slide! B o e isbar o

Properties of ané;psceles Trape
/7

&=

C

ﬁ—@’ Has one pair of parallel aIE w@%@ sides (bases)

@ Has one pair of congruent non-parallel sides (legs)

@ Lower base angles & upper base angles are congruent

@ Diagonals are congruent

® Any lower base angle is supplementary to any upper base angle
® Has one line of symmetry connecting the bases at their midpoints
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0] Theorems

Theorem 7.14 Isosceles Trapezoid Base Angles Theorem
If a trapezoid is isosceles, then each pair of base angles is congruent.

If trapezoid ABCD is isosceles. then ZA = ZD B C

and ZB = /C. m
Proof EX. 39, p. 405 i NS ~ c

Theorem 7.15 Isosceles Trapezoid Base Angles Converse
If a trapezoid has a pair of congruent base angles. then it is an isosceles trapezoid.

If ZA = £D (or if £B = £C), then trapezoid B C
ABCD is isosceles. / N
Proof Ex. 40, p. 405 »
Theorem 7.16 Isosceles Trapezoid Diagonals Theorem

A trapezoid is isosceles if and only if its diagonals are congruent.

Tl"]pLZDld ABCD is isosceles if and only B C

ifAC =BD. %




| Fr0of EX.D1,p. 400
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) Theorem

Theorem 7.17 Trapezoid Midsegment Theorem

The midsegment of a trapezoid is parallel to each base, and A
its length is one-half the sum of the lengths of the bases.

If MN is the midsegment of trapezoid ABCD., M @
then MN ||AB.MN | DC. and MN = 1(AB + CD)

_ 1 (2+ 8 .
P Ex. 49, p. 406 — ’
roof Ex p. 4( Z_( (‘(b -5 D

Students, draw anywhere on this slide! o Dwch i toractive ~Rds

Do not remove this bar

B C) Theorems
Theorem 7.18 Kite Diagonals Theorem

If a quadrilateral is a kite, then its diagonals are

o T D —
perpendicular, qa -
If quadrilateral ABCD is a kite, then AC L BD.

Proaof p. 401

Theorem 7.19 Kite Opposite Angles Theorem

If a quadrilateral is a Kite, then exactly one pair I € 2

of opposite angles are congruent. AR

If quadrilateral ABCD is a kite and BC =BA, 8 * b
— P e

then ZA = ZCand 4B # £D. N 5 73

Proof Ex. 47, p. 406
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Kites
A kite is a convex quadrilateral with exactly two distinct pairs of



adjacent congruent siges. Uniike a paralleiogram, tne opposiie
sides of a kite are not congruent or parallel.

Theorems: Kites
Theorem 7.25
If a quadrilateral is a kite, then its diagonals are perpendicular.

Theorem 7.26

If a quadrilateral is a kite, then exactly one pair of opposite
angles is congruent.
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Properties of Kites ~nA Trannzaida
Kite:
* 2 distinct pairs of consecutive congruent sides.
« One diagonal is the L bisector of the other.
* Non-vertex angles are congruent.
* One diagonal bisects both vertex angles.

Vertex Angles

Non vertex Angles

Pear Deck Interac
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Z A and £D are vertex angles.
£ B and £ C are the non-vertex angles.
Lines AD and BC are diagonals

and always meet at right angles
Line AD. the axis of symmetry.

bisects diagonal BC, bisects

£ A and £D and bisects the

kite into 2 congruent triangles:
& ABD and & ACD




Side AB = side AC b b
Side BD = side CD
Line OB = Line OC
Diagonal BC bisects the kite
into 2 isoceles triangles
Kite Area = (AD xBC) = 2

Students, draw anywhere on this slide!

Students, draw anywhere on this slide! S

Example 2
Use Properties of Rectangles and Algebra

J K
Check S AR
Quadrilateral JKLM is a rectangle. /5\("\ Rl
Part A M L

If MN = 3x + 1 anddL=2x+9, find MK. Round

to the ne if necessary. g)(_‘, p? = g/;{( "’O)
-2 X

HXYA =3
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Students, draw anywhere on this slide! e e

Example 2
Use Properties of Rectangles and Algebra
e
DR
Check 24

N 5 2>
Part B 9X‘(o"sx*ztl§9

If m2JNK = (5x + 2)° and m£JNM = (3x - 6)°, Tx ‘],LJ(

find H m<JNM. Part C: Find all angle degrees!

Students, draw anywhere on this slide!

Example 2 130"703‘{0“‘ J3Y%7

Quadrilateral ABCD is a rectangle. )g

4

If m£BAC = (3x + 3)° and D
m<ACB = (5x - 1)°, find the value ogx{ rs +5X-J ;ﬁ
3x+3+5x-/ = 70

-4 ) .
g g5 (2 ,‘
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)
Example 3 '
Prove Rectangular Relationships < t +<

Given: PQRS is a rectangle; PT = ST.
Prove: QT = RT

P ) s
Statements “ S Reasons A
1. PQRS is a rectangle; PT = ST . Given
2. PQRS is_a parallelogram ~ —

3. OPZES a~d R TOR.
4_99,02,00,4? =@ Right

Vg
5. 2S5 = 2P

6. AQPT = ARST
7. = R

Students, draw anywhere on this slide!

. Definition of rectangle

. Opp. sides of a [7 are =.

. Definition of rectangle

. All right angles are congruent.

IFLM=2x-9and KN=x +15in
rhombus KLMN, find the value of x.

Find all side lengths!

;Z_))g—q = §+I§_
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For what values of x and y is quadrilateral PQRS a parallelogram?

Find the lengths of all the sides. 0 +9
, X+ 9

. P . Q
-X =X @/, N/




Students, draw anywhere on this slide! Bkt

For what value of xis quadrilateral CDEF a parallelogram?

c

/é( ?’Sx N/

._8——'Zx E

= ==
)

Students, draw anywhere on this slide!
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For what values of xand yis quadrilateral ABCD a parallelogram?
Determine the measures of each anl a \kkzq

oSG

—32<= /X

__; +8§7 = V‘;

| __.Uu
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For what value of xis quadrilateral MNVPQ a parallelogram?

M N

Je g e
Gy R

Pear Deck Interactive Slide
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Q0+6/ =157
10-151=29
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Students, draw anywhere on this slide! o rae

Find the measures of the numbered angles in
rhombus DEFG.

§O
Juf

=23

[
N'N

Students, draw anywhere on this slide! bl ot e

5(“\ q)
In rectangle QRST, QS = )31 and R7 = 25‘)(4)- 11‘

Find the s of the dlagonals of QRST .
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The stone above the arch in the diagram is an
isosceles trapezoid. Find m LK, m £LM,and m £J.




Students, draw anywhere on this slide!

MUSIC The body of the guitar shown is a
trapezoidal prism. The front face of the
guitar is an isosceles trapezoid. \

AB=3x-2,CD=3x+9,

Pa rove x = 17 +é:’x;%

Part B F'@@Qﬂfmﬂh 2.7 W Six
e

Part C Fin e perimeter of the front

face of the guitar in centi :
YUFYTE 3] - \;?_:KZN )
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Students, draw anywhere on this slide!

In the diagram, Mms the midsegment of trapezoid PORS.
Find MN .

p12in. Q




Students, draw anywhere on this slide!

0S is the median of trapezoid NACHOS, find the value of the median, given the following:

‘5(1) - -@

Fyt 1= '(3"" ”‘?’H"‘b/ ity (S)\ %(/D
Z
L/H- (= _éj\(:x-} ¢ )C / ;Z-;,S.y \H

= 3+ 2 &
‘1‘3);+I _3;5(

Find m £ Din the kite shown.

(15+73 = 188
360-(P8 = 172

\ (72~ 2= Y




Students, draw anywhere on this slide!

Example 6 <
Find Angle Measures in Kites

Check

If FGHJ is a kite, find m«F.

Also find m<H 7 Z,-l— flg: Z,OD

Students, draw anywhere on this slide!

Example 7 Z72

Find LeEg:;ths in Ki _b C ﬁ_bA

Quadrilateral ABCDzis a kibg Z.\I'

Part A Find AD. gt— N9 _/_$7é
Part B Find the perimeter of kite ABCD.
Ce= 4dz+ée“ \
(, 4, it
< ¢+ /H“/

.r
C= lgo A ‘UW‘

Students, draw anywhere on this slide!




Z
In a kite, the measures of the angles 90°, and 120°.
Find the value of x. What are the measures-6fthe angles that are

congruent?

Sx+75 4P+ 120 = 360

i5 = 3@0
3’“’1235 -8 §

EX‘ 25

Students, draw anywhere on this slide!

Kite's Perimeter = 86 ft. ) Determine the value of x and vy.

Students, draw anywhere on this slide!

If EG = FH, is trapezoid EFGH isosceles?

T m /7 LICC— 7N0 and m 7/ L — 11N0



11 F11 L 1iLi — IV alivg 11 LIUI!—J.J.U,
is trapezoid £FGH isosceles? w

Pear Deck

Students, draw anywhere on this slide! e o

In trapezoid JKIM , ZJand £ M are right angles, and JK=9

centimeters. The length of midsegment AP of trapezoid JKLM is
12 centimetersé‘ Sketch trapezoid JKLM and its midsegment. Find

Pear Deck Int:
Do not rer

If a quadrilateral is a kite, it has one diagonal g
forming two congruent triangles. A c

Given: kite ABCD

Prove: ABAD ~'ABCD

Proof: 0

Statements _,- , Reasons

1. kite ABCD 1. Qwer)

2 I = E,B TEa ;B 2. ‘A kite has two QEstind sets of
—'JA = Pl adjacent, congruent sides.

3._ W/ = DL 3. Reflexive property.




| 4. ABAD = ABCD [4._ &)

Pear Deck Interactive Slide
Do not remove this bar

Students, draw anywhere on this slide!

Given:@ = WX S
X7 bisects LYXW Yo W
ProvecY7 = W7

STATEMENT REASON

1. YX = WX 1.-0

X¢bisects LYXW

2. Definition of bisector

- . /1
+ Sl
s. (PR

2 SRS

3. XZ =X7

4 AYXZ =
S
5.

Students, draw anywhere on this slide!

Show that quadrilateral
ABCD is a parallelogram.




Students, draw anywhere on this slide!

Find the length of midsegment }’?fn
trapezoid S7TUV .
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Students, draw anywhere on this slide!

The points A4 (- 5 6), 8(4,9), C(4, 4), and rm the
vertices of a qu w that ABCD iq(a trapezoad Then decide \(w-{
2
Y

o AP
( —

o Gl

\

AVAR)Y

\\

-
\
\
)
W & 00 B 0~ \( (o]

G
J)

€
i3

NUn
I

[<
~

Students, draw anywhere on this slide!

Three vertices oNcABCDAre A (2, 4), B(5, 2), and C (3, —1). Find the
oordinates of vertex D.
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f\,
N\
\ L
Q-‘M W &
N
é

-
&
(4]
¥
w
L]
;
[=]
A
.
£
FY
(4]
-

L S R O
N @ b WON =

Students, draw anywhere on this slide! fisou Dok Intara

L Do not remo
Q’éi %gﬁe whether o € 5, 2), d6:x\4), R(2, -1),
P and 5(-3, —3) is & rectangle ,fa rfiombus ) or @ Give all names
S , that apply. d( 9‘,0/\
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Find the coordinates of the intersection of the diagonals of
aSTUV with vertices S(-2, 3), 7(1, 5), U (6, 3), and VV(3, 1).

9
S
7
— R
\ 7 \\
7, i '\



D (-4, -2) is a rectangle \a

that apply.

2L &=

Students, draw anywhere on this slide!

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).

& v

‘IX’

-4 x
?

o %

g9

8

7

L 1}

s-.\/'

3 A\ ,/7

2 |

N,

1 N

AT 1 2348€6n809

O ]
b
(lﬂ | %@) 1\

X

G5

Yy=-4x44.8
W 4

7\+/,A
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Students, draw anywhere on this slide! S

Check

A quadrilateral has vertices A(2, 6), B(3, 7), and C(6, 4). Which of the
following points would make ABCD a rectangle?

Y

Students, draw anywhere on this slide!

Three vertices of cWXYZare W (-1, -3), X(-3, 2), and Z(4, —4). Find
the coordinates of vertex V.

-I.\uh-ucn-qcbn
y

4
&
o
A
w

.
—of
»
w
-
o
L]
~

i
b &
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Students, draw anywhere on this slide!



Which statements are true, and which are false?
1. All parallelograms are quadrilaterals. T
2. No rhombus is a parallelogigam. F

3. All squares are rhombi.

4. Some rectangles are squares. \ :{ D
9. Some rhombi are rectangles. ’r 0 /’1

Students, draw anywhere on this slide!

Answer true or false.
1. All rectangles are parallelograms. ]

2. All squares are rectangles. ]
. All rhombi are squares. ]:

3
4. All squares are parallelograms. T
5. All rhombi are parallelograms. T

Students, draw anywhere on this slide!






