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Module 7: Quadrilaterals
Geometry
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Content Objective

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

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

‘-i:, Students apply and prove the properties of rhombi and squares

Students reéognize and apply the prope—fties of trapezoids and §
kites.




MA.912.GR.1.4

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

MA912.GR. 3.2

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

MA912.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 theorems of trapezoids.
-_—

Theorem 7.3 Parallelogram Opposite Sides Theorem

If a quadrilateral is a parallelogram, then

‘CQ Theorems

4l

its opposite sides are congruent. . 5_/, ‘, H /

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

If PORS is a parallelogram, then ZP = ZR
and ZQ = /8.

Proof Ex. 37, p. 373
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2) Theorems
Theorem 7.7 Parallelogram Opposite Sides Converse
If both 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 D

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

If ZA = ZC and £ZB = £D. then ABCD is
a parallelogram.

Proof Ex. 39, p. 383 A D
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Theorem 7.5 Parallelogram Consecutive Angles Theorem

Students, draw anywhere on this slide!

If a quadnlateral is a parallelogram, then its Q

s ive angles are suppl ] x
consecun'\e angles are supp emcnl:nry ) \00 5
If PORS is a parallelogram, then x° + y° = 180°. y<o \Q{

Proof Ex. 38, p. 373 ’W ""l): /?0 :

Theorem 7.6 Parallelogram Diagonals Theorem

If a quadrilateral is a parallelogram, then its

Q. .. R
diagonals bisect each other. o /
If PORS is a parallelogram, then QM = SM b M XJ

P S

and PM =RM.
Proof p. 370
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Theorem 7.9 Opposite Sides Parallel and Congruent Theorem

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

and parallel, then the quadrilateral is a parallelogram. —
If BC ||AD and BC = AD, then ABCD is / /




a parallelogram. & y

v

o~

Proof Ex. 40. p. 383

Theorem 7.10 Parallelogram Diagonals Converse

It the diagonals of a quadrilateral bisect each other, B C
then the quadrilateral is a parallelogram.

If BD and AC bisect each other. then ABCD is =
a parallelogram. A D

Proof Ex. 41, p. 383
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Gy Core Concept

Rhombusgs, Rectangles, and Stbuares 6'
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A rhombus is a A rectangle is a A square is u‘§urallelograr
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 S
quadrilate rhombus if and only if it has A B
< four congruent sides.
< S
ABCD is a rhombus if and only if
AB =BC =CD =AD. D C
Proof Ex. 81, p. 396 5

Corollary 7.3 Rectangle Corollary

A quadrilateral is a rectangle if and only if it has A N B
four right angles. q\l

ABCD j Langlowiiemeomty T 0
@ﬁad £D are right angles. ) D_H q'mc

Proof Ex. 82, p. 396

Corollary 7.4 Square Corollary



7 A quadrilateral is a square if and only if it is A S B
a rhombus and a rectangle. :_I‘ ¥ L,;
ABCD is a square i and only if 9 i i S
e e = [
AB =BC =CD =AD and ZA, ZB, £C, o LR §
and ZD are right angles. 7
k. Proof Ex. 83, p. 396
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Theorem 7.11 Rhombus Diagonals Theorem
A parallelogram is athombus if and osly if its

diagonals are perpendicular. 0
[JABCD is a thombus if and only if AC L BD.
Proof p. 390: Ex. 72, p. 395 D

Theorem 7.12 Rhombus Opposite Angles Thoerem
A parallelogram is a rhombus if and only if each

diagonal bisects a pair of opposite angles.

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

D
Proof Exs. 73 and 74, p. 395 ‘9
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Theorem 7.13 Rectangle Diagonals Theorem

A parallelogram is a rectangle if and only if A o B
its diagonals are congruent. 'O I D "\b
[JABCD is a rectangle if and only if AC = BD. T T
Proof Exs. 87 and 88, p. 396 D - c




d 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
are perpendicular (rhombus).

V\M\Q ‘%square is a parallelogram with all four sides
¢
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Theorems: Conditions for Rhombi and Squares
Theorem 7.17

If the diagonals of a parallelogram are pgrpen icular, then the
parallelogram is a h( S rho

Theorem 7.18
If one diagonal of a parallelogram bisects a pair of opposite angles,

then the parallelogram is m < rhd/ub« j

Theorem 7.19

If two consecutive sides of a parallelogram gre congruent, then the
parallelogram is r “_3

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

O wape. § paralldogm—

Students, draw anywhere on this slide!
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pairof'parallelsides. In a trapezoid that is not a ——-
parallelogram, the parallel sides are called the |e% A
bases and the nonparallel sides are called legs. b

A base angle i | %% o %(

trapezmd ABCD £A and 4B are one pair of
base angles, and C and 4D are the other pair.
If the legs are congruent, then a trapezoid is an
isosceles trapezoid.

Students, draw anywhere on this slide! it

Properties of an Isosceles Trapezoid M

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

@ Lower base angles & upper base angles are congruent

@ Diagonals are congruent

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

Students, draw anywhere on this slide! pRE e e
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Theorem 7.14 Isosceles Trapezoid Base Angles Theorem
If a trapezoid is isosceles, then each pair of base angles is congruent.

7 | 1 trapezoid ABCD is isosceles, then ZA = £D 8 c

and ZB = /C. /C 3\
Proof Ex. 39, p. 405 »

A g D

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

VL Fh oo TN E Il PPN S o a1 ~ —-



11 LA = LD \OI'}l 4B = AU ), UIen rapezoia b C
ABCD is isosceles. W X
Proof Ex. 40, p. 405 . > -
Theorem 7.16 Isosceles Trapezoid Diagonals Theorem

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

- 4

Trapezoid ABCD is isosceles if and only
ifAC =BD.
Proof Ex. 51, p. 406
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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 = —(AB + CD)

Proof Ex. 49, p. 406 7( C [ OF 2,0>
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Theorem 7.18 Kite Diagonals Theorem
If a quadrilateral is a kite, then jts diagonals are c

perpendicular. q O B L: : Val \‘/\ "

If quadrilateral ABCD is a Kite, then AC

Proof p. 401 A

Theorem 7.19 Kite Opposne Angles Theorem |6°

If : quadn]dlufxl is a kite, ly one pair C

If qu:ldn'lalcml ABCD is a kite and BC = BA, 8 () D
then ZA = ZCand 4B # ZD. b

Proof Ex. 47, p. 406
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Kites
AKite i % _& nvex qlg'agrlt?elteral with exactly two disfinct pairs of
n

adja ’é gruent “sides. Uniike a parallelogram, the opposite
sides of a kite are not congruent or parallel.

e

Theorems: Kites o
Theorem 7.25 C]D
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 W

angles is congruent. /2

—— e 2w Lé\w)mudc 3
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Properties of Kites ~n~ Tronaznide
Kite:

* 2 distinct pairs of consecutive congruent sides.
* One diagonal is the L bisector of the other.

* Non-vertex angles are congruent. /b Q)O

Vertex Angles

+ One diagonal bisects both vertex angles. /LO’O/

I . .4 790 ..



£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
£ZA and £D and bisects the

kite into 2 congruent triangles:
& ABD and & ACD

Side AB = side AC

Side BD = side CD

Line OB = Line OC

Diagonal BC bisects the kite
into 2 isoceles triangles

Kite Area = (AD xBC) + 2
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*Find all angles and side measures for all problems on this page!

X'—d_/z

Find the values of x and y 3 A
m ks ‘

\(165'

1. Find FGand mZaG. 2. Flnd the values of xand y .

i

Students, draw anywhere on this slide! frels e

Example 2
Use Properties of Rectangles and Algebra

J K
Check M




