The Quad Squad

2

Conjectures About Quadrilaterals

Warm Up

Learning Goals

Classify each figure using as
many names as possible.

• Use diagonals to draw quadrilaterals.
• Make conjectures about the diagonals of
special quadrilaterals.
• Make conjectures about the angle relationships of
special quadrilaterals.
• Categorize quadrilaterals based upon their properties.
• Make conjectures about the midsegments
of quadrilaterals.
• Understand that the vertices of cyclic quadrilaterals lie on
the same circle.

1.
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2.

3.

Key Terms
4.

• coincident
• interior angle of a
polygon
• kite

• isosceles trapezoid
• midsegment
• cyclic quadrilateral

You have classiﬁed quadrilaterals by their side measurements and side relationships. What
conjectures can you make about diﬀerent properties of quadrilaterals?
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GETTING STARTED

Cattywampus

Think
about:
Why can a concave
quadrilateral have
only one angle greater
than 180°?

A quadrilateral may be convex or concave. The quadrilaterals you are
most familiar with—trapezoids, parallelograms, rectangles, rhombi, and
squares—are convex. For a polygon to be convex it contains all of the line
segments connecting any pair of points. It is concave if and only if at least
one pair of its interior angles is greater than 180°.
Consider the two quadrilaterals shown. A quadrilateral has exactly
two diagonals.
Convex

Concave

1. Draw the diagonals in the two quadrilaterals shown. What do
you notice?

The diagonals of any convex quadrilateral create two pairs of vertical angles
and four linear pairs of angles.
3. Label the vertices of the convex quadrilateral as well as the
point of intersection of the diagonals. Identify each pair of
vertical angles and each linear pair of angles.
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2. Make a conjecture about the diagonals of a convex quadrilateral
and about the diagonals of a concave quadrilateral.

AC T I V I T Y

2.1

Quadrilaterals Formed Using
Concentric Circles

Let’s explore the diagonals of different convex
quadrilaterals. Consider a pair of concentric circles with
center A. Diameter ¯
BC is shown.
Use a new piece of patty paper for each quadrilateral.
For precision, it is important to use a straightedge when
tracing or drawing line segments.

B

A

1. Draw quadrilateral BDCE by following
these steps.
• Construct the perpendicular bisector to ¯
BC through
point A of the concentric circles.
• Use patty paper to trace ¯
BC.
• Without moving the patty paper, draw diameter ¯
DE of the inner
circle in such a way that it is not perpendicular or coincident to ¯
BC.
• Connect the endpoints of the diameters to draw quadrilateral BDCE.
¯ and DE
¯?
a. What do you know about BC

C

Two line segments are
coincident if they lie
exactly on top of
each other.
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b. Use a ruler to measure the lengths of each side of the
quadrilateral. What do you notice?

c. Use a protractor to determine the measure of each interior
angle of the quadrilateral. What do you notice?

¯?
¯ and DC
d. What do you know about BE

e. What names can be used to describe quadrilateral BDCE?
Explain your reasoning. Write the name of the quadrilateral
on the patty paper.

An interior angle of
a polygon is an angle
inside the polygon
between two
adjacent sides.

Keep this quadrilateral
to compare with other
quadrilaterals that
you will create in
this lesson.

LESSON 2: The Quad Squad • M1-129

2. Draw quadrilateral BFCG by following these steps.
• Use patty paper to trace ¯
BC.

• Without moving the patty paper, draw diameter ¯
FG of
¯
the inner circle perpendicular to BC.
• Connect the endpoints of the diameters to draw
quadrilateral BFCG.

B

C

A

¯ and FG
¯?
a. What do you know about BC

b. Use a ruler to measure the lengths of each side
of the quadrilateral. What do you notice?

c. Use a protractor to determine the measure of each interior
angle of the quadrilateral. What do you notice?

d. What names can be used to describe quadrilateral BFCG?
Explain your reasoning. Write the name of the quadrilateral
on the patty paper.

3. Consider Elijah’s statement. What error did Elijah make?

In the quadrilateral BFCG that
I drew, ∠BFC and ∠CGB are
circumscribed angles.

F

B

A

G
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Elijah

4. Draw quadrilateral BHCJ by following these steps.
• Use paper to trace ¯
BC.
• Without moving the patty paper, draw point H where
the perpendicular bisector intersects the inner circle
and point J where it intersects the outer circle, such
that ¯
HJ contains point A.
• Connect the points to draw ¯
HJ.
• Connect the endpoints of the line segments to create
quadrilateral BHCJ.

B

A

¯ and HJ
¯?
a. What do you know about BC

b. Use a ruler to measure the lengths of each side of the
quadrilateral. What do you notice?
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c. Use a protractor to determine the measure of each interior
angle of the quadrilateral. What do you notice?

The quadrilateral you drew is a kite. A kite is a quadrilateral with two
pairs of equal adjacent sides. If the diagonals of a quadrilateral are
perpendicular, non-congruent, and only one bisects the other, it can only
be classified as a kite.
5.

Write the name of the quadrilateral on the patty paper.
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C
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2.2

Quadrilaterals Formed
Using a Circle
In the previous activity, you drew quadrilaterals using a pair of
concentric circles. Now let’s draw quadrilaterals using only one
circle. Circle P with diameter ¯
QR is shown.

Q

P

R

Use a new piece of patty paper for each quadrilateral. For
precision, it is important to use a straightedge when tracing or
drawing line segments.
1. Draw quadrilateral QSRT by following these steps.
• Construct the perpendicular bisector to ¯
QR through
point P.
• Use patty paper to trace ¯
QR.
• Without moving the patty paper, draw diameter ¯
ST of
circle P in such a way that it is not perpendicular or
coincident to ¯
QR.
• Connect the endpoints of the diameters to draw
quadrilateral QSRT.

¯ and ST
¯?
a. What do you know about QR

c. Use a protractor to determine the measure of each interior
angle of the quadrilateral. Which conjecture that you made in
the previous lesson does this measurement support?

d. What names can be used to describe quadrilateral QSRT?
Explain your reasoning. Write the most specific name
for the quadrilateral on the patty paper.
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b. Use a ruler to measure the lengths of each side of the
quadrilateral. What do you notice?

2. Draw quadrilateral QVRW by following these steps.
• Use patty paper to trace ¯
QR.
• Without moving the patty paper, draw diameter ¯
VW of circle P
¯
perpendicular to QR.
• Connect the endpoints of the diameters to draw quadrilateral QVRW.
¯ and VW
¯?
a. What do you know about QR

b. Use a ruler to measure the lengths of each side of the
quadrilateral. What do you notice?
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c. Use a protractor to determine the measure of each interior
angle of the quadrilateral. Does this measurement support
the same conjecture from Question 1? Explain your reasoning.

d. What names can be used to describe quadrilateral QVRW?
Explain your reasoning. Write the most specific name for the
quadrilateral on the patty paper.
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A trapezoid is a quadrilateral with at least one pair of parallel sides, known
as the bases. If the other pair of sides are not parallel, they are known as
the legs. A special type of trapezoid is an isosceles trapezoid. An isosceles
trapezoid is a trapezoid with congruent legs.
3. Consider the isosceles trapezoid shown.
P

T

Z

a. Use a piece of patty paper to trace the trapezoid and draw
¯ and PD
¯.
diagonals TZ

D

¯ and PD
¯. What do you notice?
b. Use a ruler to measure TZ

¯ and PD
¯ bisect each other? Explain how you determined
c. Do TZ
your answer.
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d. Use a protractor to determine the measure of each interior
angle of the quadrilateral. What do you notice?

Save the quadrilaterals
you drew on your
pieces of patty paper.
You’ll need them later.
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2.3

Making Conjectures About
Quadrilaterals

In the previous two activities, you used the properties of the diagonals
to discover each member of the quadrilateral family. You investigated the
relationships between the diagonals of quadrilaterals.
1. Make a conjecture about the diagonals of the described
quadrilaterals. Explain your reasoning using examples.
a. parallelograms
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b. rectangles

c. quadrilaterals with pairs of adjacent congruent sides
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You also investigated the relationships between the interior angles
of quadrilaterals.
2. Make a conjecture about the interior angles of the described
quadrilaterals. Explain your reasoning using examples.
a. parallelograms

b. rectangles

c. kites

Do you think Nichole’s conjecture is correct? Draw examples to
justify your answer.
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3. Nichole observed the relationship between the interior angles
of the isosceles trapezoid. She conjectured that trapezoids have
two pairs of congruent angles that are adjacent to each other.

Use the quadrilaterals you drew on your pieces of patty paper and the
observations you made to complete the table.

Ki
te

Is
Tr osc
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ez s
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Sq

ua
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s
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gle
Re
cta
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Property

Pa
ra
lle
log
ra
m

4. Identify the properties that are always true for the given
quadrilateral by placing an X in the appropriate box.

a. Opposite sides
are parallel.

Side Relationships

b. Only one pair of
opposite sides
is parallel.
c. Opposite sides
are congruent.
d. Only one pair of
opposite sides
is congruent
e. All sides are
congruent.

Angle Relationships
Diagonal Relationships
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f. 2 pairs of
consecutive sides
are congruent.
g. Opposite angles
are congruent.
h. At least one pair of
opposite angles
is congruent.
i. All angles are
right angles.
j. Diagonals bisect
each other.
k. Diagonals are
perpendicular.
l. Diagonals are
congruent.
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5. Determine whether each statement is true or false. If it is false,
explain why.
a. A square is also a rectangle.

b. A rectangle is also a square.

c. A parallelogram is also a trapezoid.

d. The diagonals of a trapezoid are congruent.

e. A kite is also a parallelogram.

f. The diagonals of a rhombus bisect each other.

Knowing certain properties of each quadrilateral makes it possible to
construct the quadrilateral given only a single diagonal.
6. Describe how you could construct each named quadrilateral with
the given diagonal.

¯
b. Rhombus RHOM given diagonal RO

¯
c. Kite KITE given diagonal KT
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¯
a. Parallelogram WXYZ given diagonal WY

AC T I V I T Y

2.4

Midsegments of
Quadrilaterals

Consider quadrilateral QUAD.
A

U

1. Construct the midpoint of each side of quadrilateral QUAD.

Q

2. How many possible midsegments are there for
any quadrilateral?

D

3. Draw the midsegments that connect the midpoints of
adjacent sides. What shape does it appear you drew using
the midsegments of quadrilateral QUAD?

A midsegment
of a polygon is
any line segment
that connects two
midpoints of the sides
of the polygon.
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Revisit the quadrilaterals you drew on patty paper in this lesson.
4. Draw the midsegments connecting midpoints of adjacent sides
for each of the quadrilaterals you drew on patty paper. Make
a conjecture about the figure created by connecting adjacent
midpoints of a quadrilateral.

5. Does your conjecture hold true for concave quadrilaterals? Use
a drawing to justify your answer.

LESSON 2: The Quad Squad • M1-139

Let’s explore one of the midsegments of a trapezoid.

6. Use the given parallel line segments and a straightedge to
complete this question.

a. Draw any trapezoid with only one pair of parallel sides.
Label the vertices.

b. Construct the midsegment of your trapezoid that connects
the non-parallel sides. Label the endpoints.

d. Determine the average of the lengths of the bases. What do
you notice?

e. Compare your answer to part (d) with those of your
classmates. Make a conjecture about the midsegment of
a trapezoid that connects non-parallel sides.
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c. Use your ruler to determine the length of each base and the
length of the midsegment.

AC T I V I T Y

2.5

Cyclic Quadrilaterals

Some of the quadrilaterals you drew in this lesson are cyclic quadrilaterals.
A cyclic quadrilateral is a quadrilateral whose vertices all lie on a
single circle.
1. Identify any cyclic quadrilaterals you drew on your
pieces of patty paper.

2. What is the sum of the measures of the opposite angles in
the cyclic quadrilaterals you identified?

Consider quadrilateral MATH inscribed in circle O.
3. Use a protractor to determine the measure of each
interior angle of quadrilateral MATH. Write the
measurements in the diagram.

T

A

4. Determine each sum.
a. m∠M + m∠T

b. m∠A + m∠H
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O

M

5. Make a conjecture about the measures of
opposite angles of a cyclic quadrilateral.
H

6. Is an isosceles trapezoid a cyclic quadrilateral?
Explain your reasoning.
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NOTES

TALK the TALK
Zukei, Don’t Bother Me
Remember, a Zukei puzzle is a Japanese logic puzzle in which a grid is
presented with a number of points shown at diﬀerent intersections.
Each grid is presented along with the name of a geometric ﬁgure. The
goal of the puzzle is to determine which points on the grid are the
vertices of the named geometric ﬁgure.
1. For each Zukei puzzle, identify and connect the vertices that
form each shape. There is only one correct answer.

Square

c.

Rhombus

e.

Trapezoid
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b.

Rectangle

d. Parallelogram
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a.

Assignment
Write

Remember

Deﬁne each term in your own words. Use the

The diagonals of a parallelogram bisect each

words diagonal, interior angle, and midsegment

other and the diagonals of a rectangle are

in your deﬁnitions.

congruent. A square, rhombus, and kite have

1. kite

perpendicular diagonals.

2. isosceles trapezoid

The opposite angles of parallelograms are

3. cyclic quadrilateral

congruent and the opposite angles of cyclic
quadrilaterals are supplementary.

Practice
1. Determine which quadrilateral each letter in the
Quadrilaterals

diagram represents using the list shown.
Kites

Squares

Rectangles

Parallelograms

Rhombi

Isosceles Trapezoids

Trapezoids

A.

B.

2. State as many properties as you can about
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each quadrilateral.
a. Rectangle

b. Isosceles trapezoid

c. Kite

d. Parallelogram

e. Rhombus

f. Square

C.

D.

E.

F.

3. Describe how to construct each quadrilateral using the
given diagonal.
a. Square WXYZ given diagonal WY
b. Parallelogram RSTU that is non-rectangular given
diagonal RT
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Stretch
Create a Zukei puzzle for an isosceles trapezoid in which the bases do not
lie on the grid lines. Use a minimum of 10 dots. Make sure that your puzzle
has only one correct answer.

Review
1. Write a conjecture about alternate interior angles. Draw an example to test your conjecture.
2. Draw examples of inscribed angles that intercept the same arc of a circle. What conjecture can you
make about the measures of the inscribed angles?
3. Jay walks 3 blocks north and then 4 blocks east to get to the store.

4

Store

If he walks straight back home, how far does Jay walk in all?
3

Home
4. TV screen sizes are given by their diagonal measure from a top
corner to the opposite bottom corner. What is the approximate

29.4 in.
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size of this TV to the nearest inch?
52.3 in.
5. Use the coordinate plane to approximate each distance. Write
each answer as a decimal to the nearest hundredth.
a. The distance between point A and point C
b. The distance between point D and point B

y
B

7
6
5

A

4
3

D

C

2
1
0
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