NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 16

Lesson 16

Objective: Construct perpendicular line segments, and analyze
relationships of the coordinate pairs.

Suggested Lesson Structure

B Fluency Practice (12 minutes)
[ Application Problem (7 minutes)

Concept Development (31 minutes)
[l Student Debrief (10 minutes)

Total Time (60 minutes)

Fluency Practice (12 minutes)

= Make Larger Units 4.NF.1 (4 minutes)
= Draw Angles 4.NF.1 (8 minutes)

Make Larger Units (4 minutes)

Materials: (S) Personal white boards

Note: This fluency activity reviews G5—Module 3 concepts.

T: (Write Z = __.) Say 2 fourths in larger units.
S:  1half.
T:  (Write % = __.) Say 2sixths in larger units.
1 third.
T:  (Write 110 = .) Write 2 tenths in larger units.

S:  (Write 2. l.)
10 5

. 5365 10 3 9 8 16 7 21
Continue the process for —, =, -, —, —, —, —, —, —, — and e

10’ 9’ 9’ 15" 15’ 12’ 12" 24’ 24’ 28’
Draw Angles (8 minutes)

Materials: (S) Blank paper, ruler, protractor

Note: This fluency activity informally prepares students for today’s lesson.
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NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 16

Use your ruler to draw a 4-inch segment, AB.
Plot a point at the third inch from point A.
From that point, draw a 30° angle that opens to the left. Label its endpoint C.

From the same point and also opening to the left, draw a 60° angle below AB. Extend the angle’s
side so that it is at least 4 inches long. Label its endpoints D and E. (Demonstrate.)

T: Use any tool to draw a segment perpendicular to AB with endpoints at C that intersects DE.

s B e B

Have students label the intersection of AB and CFas point G. See if they notice that AGCE, AGFE and AFEC
have angles that are the same measure.

Repeat with other angle pairs as time permits.

%0

A o
U;& e %) &

Application Problem (7 minutes)

a. Complete the table for the rule y is 1 more than q)- ,
half x, graph the coordinate pairs and draw a
line to connect them.

b. Give the y coordinate for the point on this line

. . 1
whose x-coordinate is 42 7

Bonus: Give the x-coordinate for the point on this line

. L1
whose y-coordinate is 5 >

@ 1 2 3 < 5

Note: The Application Problem reviews coordinate

graphing and fraction multiplication. Bonus: (q) S_li)
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A
X Yy
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2
1
15 5
21
4
1
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0 1 2 3 4 5 >

Concept Development (31 minutes)

Materials: (T) Triangle RST Template A (used in G5—M6-Lesson 15), images of coordinate plane with
A, B plotted for display (S) Personal white board, coordinate plane template, straightedge, right
angle template RST (from G5—M6—Lesson 13)

Problem 1: Slide and rotate right triangle template along coordinate plane to create perpendicular segments.

T: (Distribute coordinate plane template to students and display images of coordinate plane on board
with Point A plotted at (3, 1) and Point B plotted at (8, 3).) Say the coordinates of point A.

S: (3,1

sides. Describe this triangle to
your partner.

T: Record the coordinates of 4 in the )
table. Then, plot A on your plane. S T U A R
T: Tell your neighbor the coordinates 4 4 (3, ‘)
of B, record in the table, and plot. """" B (8; 3)
S:  (Share, record, and plot.) B 5 c ( 1’ 6)
T: Use your straightedge to draw AB. : ! . S
T: V_isualize a right triangle that has 2
AB as its longest side and follows il '
the grid lines on its other two d

v

S: |see atriangle below AB. The 0 3 10
longer side is 5 units long and the shorter side is 2 units high. The right angle is directly below B. 2>

| see a triangle that is above AB. The right angle is 2 units above A. The longer side is 5 units long.

T: Let’s draw the triangle below the segment that you described. Use a dashed line to draw the other
sides of the right triangle that has AB as its long side and its right angle’s vertex at (8, 1).
(Demonstrate.)
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Lesson 16

Tell me what you know about the measures of the acute angles in this triangle.

If we folded them over the right angle, they’d cover it perfectly. = The sum of the two acute angles
is 90 degrees.

Imagine how we could use this triangle and the grid lines to help us draw another segment whose
endpoint is A and is perpendicular to AB. Turn and talk.

We could slide the triangle to the left like we did yesterday, then turn the triangle up and mark the
top vertex. If we connect that point and 4, it will be perpendicular. = We don’t have a ruler today,

but the grid lines are straight, so we could slide the triangle along the line until the right angle
touches A. Then, rotate it 90° clockwise. We mark the top corner and then connect it to A. That

segment would be perpendicular to AB.

After we slide and rotate our imaginary triangle, give the coordinates of the top vertex.

(1, 6).

Put these coordinates in your table, plot this point and
label it C. Use your straightedge to connect C and A.
What can we say about CA and AB? How do you
know?

It's what we did yesterday. The longer side of the first
triangle and the shorter side of the second triangle
form a straight angle at the bottom of the figure. We
know the acute angles add up to 90°, so the angle
between them, CAB, must also be 90°.

Segments AB and CA are perpendicular segments.
Write this in symbols on your personal board. (Write
AB 1 CA on the board.)

Problem 2: Analyze the differences in the coordinate pairs of
the perpendicular segments.

T:
T:

© 2014 Common Core, Inc. Some rights reserved. commoncore.org

Put your finger on A, the vertex of ZCAB.
Use the table to compare the x-coordinates of points A
and B. Tell your neighbor which point has a larger x-
coordinate and why that is true.
B has the larger x because we traveled to the right on
the coordinate plane to get to point B. - We traveled
5 units to the right on the coordinate plane to get to B.
- The triangle that has AB as its longest side had a
base of 5 units.
Now, compare the y-coordinate of points A and B.
Tell your neighbor which point has a larger y-
coordinate and why that is true.
B also has the larger y because we traveled up to get
to point B. = We traveled 2 units up on the
coordinate plane to get to B. = The triangle that was
used to draw segment AB, had a height of 2 units.
COMMON Lesson 16:
CORE the coordinate pairs.
Date: 4/17/14
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NOTES ON

MULTIPLE MEANS OF
ACTION AND
EXPRESSION:

It may have been noted that the
triangles that are visualized and drawn
by the teacher are consistently those
triangles “below” the segment being
considered. These are by no means
the only triangles that might be used to
draw the perpendicular segments.
Consider the following figure in which
the upper triangles for each segment
(drawn in red) are used to construct
perpendicular segments (drawn in
black).

:A

The use of the triangles below give rise
to greater opportunity to reason about
angles and their relationships, but
students who visualize alternate
triangles should not be discouraged

from using them to produce the
segments.

engage"’
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T: Put your finger back on A, the vertex of ZCAB.

T: Think about how many units to the left the triangle was slid and how rotating the triangle located
point C. Compare the way you moved your finger for each triangle. Turn and talk.

S: Instead of moving right and then up, this time we moved left and then up. = First, we moved over
5 then up 2, now we move over 2 then up 5. The number of units is the same but they’re switched.
9
In both cases the y-coordinate is being increased, but this time we’re moving left 2 units, and that
will make the x-coordinate less. = That’s because we rotated the triangle!

T: Compare the coordinates of A and C. How do they differ?

S:  The x-coordinate of C is 2 less than A, but the y-coordinate is 5 more. 2 You have to move 2 to the
left and 5 up from A to get to C.

T: What do you notice about how the coordinates of A and B differ, compared to how the coordinates
of A and C differ? Turn and talk.

S:  Both times there’s a difference of 5 units and 2 units. = In 4 and B, the difference in the x-
coordinates is 5, then 5 is the difference between the y-coordinates in A and C. = It all has to do
with the triangles on the plane. They’re the same triangle, but they’re being moved and rotated so
they change the coordinates by 5 units and 2 units.

T: What are the other side lengths of the triangle we used to construct the perpendicular lines?

S: 5 units and 2 units. = It’s the base and height of the triangles that tell us the change in the
coordinates!

T: Right, so in this case the coordinates change by 5 and 2 units. Since the same sized triangle is used
to construct the perpendicular segments, the x-coordinates changes by 5 or by 2 and the y-
coordinate changes by 5 or by 2. (Point to clarify.)

Repeat the process with DEF and GHI (as pictured below).

4
10 A
6 : . ; § ; : 3
(x,9) TR | ()
G L
D (2,3) R / = ) ; ((32 Z};)
ARECHI SRS O S — &3
s e 1
0 2 4 6 ;3> 0 1 2 3 >

Problem Set (10 minutes)

Students should do their personal best to complete the Problem Set within the allotted 10 minutes. For

some classes, it may be appropriate to modify the assignment by specifying which problems they work on
first. Some problems do not specify a method for solving. Students solve these problems using the RDW
approach used for Application Problems.
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Student Debrief (10 minutes)

Lesson Objective: Construct perpendicular line segments,
and analyze relationships of the coordinate pairs.

The Student Debrief is intended to invite reflection and
active processing of the total lesson experience.

Invite students to review their solutions for the Problem
Set. They should check work by comparing answers with a
partner before going over answers as a class. Look for
misconceptions or misunderstandings that can be
addressed in the Debrief. Guide studentsin a
conversation to debrief the Problem Set and process the
lesson.

You may choose to use any combination of the questions
below to lead the discussion.

= Talk about the triangle that you see when you
look at AB and AC.

= Tell your neighbor about how visualizing the
triangles helps you locate the points needed to
draw a perpendicular line.

= In Problem 1, are there other segments that are
perpendicular to AB? Explain how you know.

= Explain your thought process as you solved
Problem 3.

Exit Ticket (3 minutes)

After the Student Debrief, instruct students to complete
the Exit Ticket. A review of their work will help you assess
the students’ understanding of the concepts that were
presented in the lesson today and plan more effectively
for future lessons. You may read the questions aloud to
the students.

Lesson 16:

I COMMON
CORE
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Lesson 16

1 Lesson 16 Problem Se¥

Name. :Ti‘d Date

1. Use Lhe coordinate plane below to complete the following tasks.

Draw AB C

Plot point € (0, 8}
Draw AC.

an oo

. Explain how you know ZCAR s 2 rght angle \

without measuring . s

LCAB is qrg\nf‘ ande becnuse

T. Con +he %a@t de' \ s
has A8 a :

@H\SSunds%-l-he heght L — K
lszum’i‘s When 1. gid the

e 1o the lefF and colated) *

T Krwm+he 2. acufe angle will

fm a 90° right angle, .z -

e. Sean drew the picture to the right to find a
segment perpendicular to AB. Explain wy Sean is

\;mc s convect beanuse T seerthat ! \\;
Je. slid and wialal Fhe Hriangle 1
an&ﬂczacniearshs vl m b\

o qp" right ange. R RBE SO

“, (C:SI‘\&MUI\ :)Sb‘nls: en.g,a.gel‘ly

L p——

e 'Léssoh’lé?rdblieiﬁﬁé} mﬁ

~

Use the coordinate plane below to complete the foliowing tasks.

Draw QT.
Plot point R {2, 5% 1.

o

Draw QR 7
Exptain how you know ZRQT is a right

ar\glc Wﬂh ut measuring it. 6 !
;ﬁnﬁc Then T shd
llﬂﬁ; g I Know \
the 2.4 | .

. Compare the coor dmates ofoomtsa a %
and T. What is the difference of the x

coordm tes? msyc%vjlei’?
T(6 5:.) YWAW'?I"-
1

Compare the coordinates of points §
and R. Whatis the diffrence of the x

cour{m x (heys(éu ding ,.L T G
& Bz he \atmn!\pof the dnfeueqcesmn:.md in (e} and {f) to the triangles of which these
(wD segments are 2 pai (E) and GF) I ot eed -Her -Hqg X Caarqu'}e oF

Com
\‘2{;‘\5 'Htiimme asthe. V-Gaordingte. The Y- -coordingle of 1 s

+he_same asHhe Y-coordindte. The rumbessFlipged.

«
.

3. EF contains the foliowing points. E:(4,1 Fi(8,7)

a. Give the coordinates of a pair of points, G nd H, such that EF L GH.

el &) w L

pendicular ines snd analyze relationships of the

3 son n
l"\cgfl}‘{AEMON :E 16 engage y

5c8

Construct perpendicular line segments, and analyze relationships of
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Name Date

1. Use the coordinate plane below to complete the following tasks.

A

b s sssagEs s sssEs s s EEEsgEs RS EEEEEEAEgEEE SRS AESEEESEEjEsEEEERREARREERREEY

Draw AB
Plot point C (0, 8). 8
Draw AC.

Explain how you know 2CAB is a right angle
without measuring it.

o 0 T W

e. Sean drew the picture to the right to find a
segment perpendicular to AB. Explain why Sean is
correct.
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2. Use the coordinate plane below to complete the following tasks.

a. Draw QT.
b. PlotpointR (2,6 % ).

Draw QR.

d. Explain how you know 2RQT is a right
angle without measuring it.

e. Compare the coordinates of points Q
and T. What is the difference of the x-
coordinates? The y-coordinates?

f. Compare the coordinates of points Q
and R. What is the difference of the x- . i P
coordinates? The y-coordinates? 0 1 2 3 4 5 6 7

g. What is the relationship of the differences you found in (e) and (f) to the triangles of which these
two segments are a part?

3. EF contains the following points. E:(4,1) F:(8,7)

a. Give the coordinates of a pair of points G and H, such that EF 1L GH.

G:( , ) H: ( , )
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NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 16 Exit Ticket m

Name Date

1. Show your thinking on the plane.
a. Draw UV.
b. Plot point W (4% , 6).

c. Draw VW/.
d. Explain how you know that ZUVW is a right angle without measuring it.
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Name Date

1. Use the coordinate plane below to complete the following tasks.

A
a. Draw PQ. : : : : : : H :
b. Plot point R (7’ 7) 8 .. ......... ......... ......... ......... .........
c. DrawPR. E | F @ & B i B
d. Explain how you know 2PQR is a F R S S S S : ; :
right angle without measuring it.
V.| IO — ’P ............... ................... .............................
...................................... 'Q
2 b - S -
e. Compare the coordinates of _____
points P and Q. Whatisthe | iR P
difference of the x-coordinates? : : i : ) - : :
_ . _') 'l . . Il 'l . . Il Il >
The y-coordinates? 0 > 7 6 3

f. Compare the coordinates of points P and R. What is the difference of the x-coordinates? The y-
coordinates?

g. What is the relationship of the differences you found in (e) and (f) to the triangles of which these two
segments area a part?

COM MON Lesson 16: Construct perpendicular line segments, and analyze relationships of ny
CO RE the coordinate pairs. engage 6.C.53
Date: 4/17/14

G:':) BY-DIC-SA This work is licensed under a
© 2014 Common Core, Inc. Some rights reserved. commoncore.org Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.




NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 16 Homework

2. Use the coordinate plane below to complete the following tasks.

a. Draw BC.
b. Plot point D (3, 2% ).

A H
Draw BD. 7
d. Explain how you know £2BCD is a right
angle without measuring it. 6
s
e. Compare the coordinates of points B 4 :
and C. What is the difference of the x-
coordinates? The y-coordinates? 3
2
f. Compare the coordinates of points B 1
and D. What is the difference of the x-
coordinates? The y-coordinates? O] p—— ——>

g. What is the relationship of the differences you found in (e) and (f) to the triangles of which these two
segments area a part?

3. ST contains the following points. S5:(2,3) T: (9, 6)

a. Give the coordinates of a pair of points, U and V, such that ST LUV.

S: ( , ) T: ( , )
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SO ——
(x,y)
{ 3 E e !
.................................................................
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