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Scale/Drawings

Content Connections

In this unit you will study scaled copies of plane figures and scale drawings of real-world objects. You will
make connections by:

* Taking Wholes Apart, Putting Parts Together while exploring the relationships between different
angles.and recognizing the relationships as the measures change.

* Discovering Shape and Space while solving problems involving scale drawings and construct
geometric figures using unit rates to accurately represent real-world figures.

*Exploring Changing Quantities while using scale drawings to calculate actual lengths and areas as
you create scale drawings.



Addressing the Standards

As you work your way through Unit 1 Scale Drawings, you will use some mathematical practices that you
may have started using in kindergarten and have continued strengthening over your school career. These
practices describe types of thinking or behaviors that you might use to solve specific math problems.

Mathematical Practices

Where You Use These MPs

MP1 Make sense of problems and persevere in solving
them.

Lessons 1 and 13

MP2 Reason abstractly and quantitatively.

Lessons 7 and 8

MP3 Construct viable arguments and critique the
reasoning of others.

Lessons 1, 3,4, and 12

MP4 Model with mathematics.

Lesson 13

MP5 Use appropriate tools strategically.

Lessons 2, 3, 5, and 7

MP6 Attend to precision.

Lessons 1,4, 11/and 12

MP7 Look for and make use of structure.

Lessons 2, 3,4,5,6,9,10,11,and 12

MP8 Look for and express regularity in repeated
reasoning.

Lessons 2, 5, 6, and:10

The California Common Core State Standards for Mathematics (CA CCSSM) describe the topics you will
learn in this unit. Many of these topics build upon knowledge youalready have and challenge you to
expand upon that knowledge. The table below shows the standards being addressed in this unit.

Big Ideas You Are Studying

California Content Standards

Lessons Where You Learn This

e 2-D and 3-D Connections 7.G.1

Lessons 1,2, 3,4,5,6,7,8,9, 10,

* Shapes in the World

and right prisms.

Solve real-world and mathematical
problems involving area, volume

and surface area of two- and three-
dimensional objects composed of
triangles, quadrilaterals, polygons, cubes,

* Scale Drawings Solve problems involving scale drawings 11,12,and 13
* Shapes in the World of geometric figures, including computing

actual lengths and areas from a scale

drawing and reproducing a scale drawing

at a different scale.
* Angle Relationships 7.G.6 Lesson 6

Note: For a full explanation of the California Common Core State Standards for Mathematics (CA CCSSM) refer to the

standards section at the end of this book.




Unit 1, Lesson 1
Addressing CA CCSSM 7.G.1; practicing MP1, MP3, MP6

What Are Scaled Copies?

Let's explore scaled copies.

SecA

Printing Portraits

Here is a portrait of a student.

1. Look at Portraits A-E. How is each one the same as o rom the original portrait of
the student?

think
2. Som aits A-E are scaled copies of the original portrait. Which ones do you
opies? Explain your reasoning.

. What do you think “scaled copy” means?

Unit 1, Lesson1 @ 7



Scaling F

Here is an original drawing of the letter F and some other drawings.

Original Drawing 1 Drawing 2 Dria
|
Drawing 4 Drawing 5 ing
Drawing 7,
1. ldentify all the dra at caled copies of the original letter F. Explain how you know.

2. Exa the scaled copies more closely, specifically the lengths of each part of the letter F.
How do they compare to the original? What do you notice?

® v lllustrative’
8 @ Grade? J \'/ Mathematics
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3. Onthe grid, draw a different scaled copy of the original letter F.

SecA

Pairs of Scaled P

Your teacher will give you a set

cards that ha
place them all face up.

lygons drawn on a grid. Mix up the cards and

1. Take turns with yo

b. For eac
discuss

s why and revise your matches.

Unit 1, Lesson1 ® 9O



V 295

3. Select one pair of polygons to examine further. Explain or show how you know that one
polygon is a scaled copy of the other. You can draw both polygons on the grid if it helps.

9 Are you ready for m
is a scaled copy of both Polygon A and Polygon B? Either draw

Is it possible to draw a
ow this is impossible.

such a polygon, or expla

yo

lllustrative’

"N\
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a» Lesson 1 Summary

What is a scaled copy of a figure? Let's look at some examples.

The second and third drawings are both scaled copies of the original Y.

VY ¥

Original

Sec A

However, here, the second and third drawings are not scaled copies of the original W.

W s

Original

The second drawing is spread out (wider and shorter). The third drawing is squished in (narrower,
but the same height).

We will learn more about what,it means for one figure to be a scaled copy of another in upcoming
lessons.

Glossary

*» scaled copy

Unit1, Lesson1 @ 11



V 295

Practice Problems

1 Hereisafigure that looks like the letter A, along with several other figures. Which figures

are scaled copies of the original A? Explain how you know.

Original Figure
Figure 2
an)
Figure |1 Figure 4
Figure 3

2 Tyler says that Figure B is a scaled copy of Figu because all of the peaks are half as tall.

Do you agree with Tyler? Explain your reasoni

=
Q
v

12 @ Grade7

lllustrative’

"N\
KH ‘ B\ Mathematics




3 Hereisa picture of the Rose Bowl Stadium in Pasadena, CA.

SecA

Here are some copies of the picture. Select all the pictures that a ed ies of the
original picture.

Practice Problems ® 13



Unit 1, Lesson 2
Addressing CA CCSSM 7.G.1; building on 5.NBT.7, 5.NF.4; building towards 7.RP.2;

practicing MP5, MP7, and MP8

Corresponding Parts and Scale Factors

Let's describe features of scaled copies.

V 29S

@ Math Talk: Multiplying by a Unit Fraction

Find the value of each expression mentally.

EN I

- 20

. 44 -

ENE

- 63

W=

Addressing CA CCSSM 7.G.1; building on 5.NBT.7, 5.NF.4; b g towards 7.RP.2; practicing MP5, MP7, and MP8

90. 1

o v Mlustrative’
14 0 Grese? KH | 1.\ methemstics



Corresponding Parts

Here is a figure and two copies, each with some points labeled.

SecA

1. Complete this table to show corresponding parts in the three figures.

original copy 1 cop
point P
segment LM
se nt EF
point W
a KLM
angle XYZ

Q of the original figure? Explain your reasoning.

2. Iseithercopyas

. Use tracing paper to compare angle NO P with its corresponding angles in Copy 1 and Copy
2. What do you notice?

Unit 1, Lesson2 ® 15



Scaled Triangles

Here is Triangle O, followed by a number of other triangles.

0 A B C
4 5 5| \539
4 5 6.08 6.32
3 3 2
3
D i E F G
21\2 % g
3
2 8 10 / N 2
H
S Y
2 6

Your teacher will assign you two of the triangles to look at.

1. For each of your assigned trianglés,is it a scaled copy of Triangle O? Be prepared to explain
your reasoning.

2. As agroup, identify all the'scaled|copies of Triangle O in the collection. Discuss your thinking.
If you disagree, work to'reach an agreement.

3. List all the triangles that are'scaled copies in the table. Record the side lengths that
correspond to the side lengths of Triangle O listed in each column.

Triangle O 3 4 5

® v Mlustrative’
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4. Explain or show how each copy has been scaled from the original (Triangle O).

SecA

9 Are you ready for more?

riangle O. Describe how you could change

Choose one of the triangles that is not a sca
g at least one side unchanged.

at least one side to make a scaled copy, while |

Unit 1, Lesson2 @ 17
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a» Lesson 2 Summary

A figure and its scaled copy have corresponding parts, or parts that are in the same position in
relation to the rest of each figure. These parts could be points, segments, or angles. For example,
Polygon 2 is a scaled copy of Polygon 1.

G

6.4

Polygon 1 Palygon 2

+ Each pointin Polygon 1 has a corresponding point in Polygon 2.
For example, point B corresponds to point H and,point C corresponds to point 1.

+ Each segment in Polygon 1 has a corresponding segment in Polygon 2.
For example, segment AF corresponds to'segment G L.

+ Each angle in Polygon 1 also has a corresponding.angléin Polygon 2.
For example, angle DEF correspands to angle J KL.

The scale factor between Polygon.l.and Polygon 2ds 2, because all of the lengths in Polygon 2 are
2 times the corresponding lengths in Polygon 1aThe angle measures in Polygon 2 are the same as
the corresponding angle measures infPolygon 1. For example, the measure of angle JK L is the
same as the measure of angle DEF.

Glossary

« corresponding

« scale factor

d v lllustrative’
18 @ Grade7 B )\ '/ Mathematics
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Practice Problems

1 The second H-shaped polygon is a scaled copy of the first.

SecA

a. Show one pair of corresponding points and two pairs of
original polygon and its copy. Consider using colored pe
corresponding parts or labeling some of the vertices.

b. What scale factor takes the original polygon t smaller copy? Explain or show your

reasoning.

e woven rugs like this one. Find a pair of figures in
two figures, and give the scale factor.

2 Zapotec people in southern Mexico
the design that are scaled copies.

Practice Problems ® 19



V 295

3

Polygon B is a scaled copy of Polygon A.

a.

What is the scale factor from Polygon A to
Polygon B? Explain your reasoning.

Find the missing length of each side marked
with a "?" in Polygon B.

Determine the measure of each angle marked
with a "?" in Polygon A.

lllustrative’

4 Figure 2 is a scaled copy of Figure 1. Select all of the statements that must be true:
A. Figure 2 is larger than Figure 1.
B. Figure 2 has the same number of edges as Figure 1.
C. Figure 2 has the same perimeter as Figure 1.
D. Figure 2 has the same number of angles as Figure 1.
E. Figure 2 has angles with'the same measures as Figure 1.
5 from an earlier courge’
Completeeach equation'with a number that makes it true.
a. 8+ =40
b 8+._ =40
G2l — =7
d2l-_ =7
e 21.-__ =17
20 o

KH [il"

Mathematics

LEARN MATH FOR LIFE



Unit 1, Lesson 3
Addressing CA CCSSM 7.G.1; building on 6.NS.3; building towards 7.RP.2; practicing MP3, MP5, and MP7

Making Scaled Copies

Let's draw scaled copies.

SecA

@ Math Talk: Missing Operation

Complete each equation to make it true.

5 =10
-3 =15
14 =21

Unit 1, Lesson3 @ 21



@ Drawing Scaled Copies

1. Draw a scaled copy of either Figure A or B using a scale factor of 3.

2. Draw a scaled copy of either Figure C or D using a scale facto L

® v Mlustrative’
22 ® Grade? KH ‘ I \ ‘ Mathematics
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@ Which Operations? (Part 1)

Diego and Jada want 36
to scale this polygon
so the side that
corresponds to 15
units in the original is
5 units in the scaled 18

copy.

SecA

Diego and Jada each use a different operation nd the new side lengths. Here are their finished
drawings.

Diego's drawing Jada's drawing
26 12
6
8 10 5
4

hat operation do you think Diego used to calculate the lengths for his drawing?

. What operation do you think Jada used to calculate the lengths for her drawing?

Unit 1, Lesson3 @ 23



3. Did each method produce a scaled copy of the polygon? Explain your reasoning.

V 295

@ Which Operations? (Part 2)
Andre wants to make a scaled copy of Jada's drawing so that the side that co

in Jada’s polygon is 8 units in his scaled copy.
Andre says “l wonder if | should add 4 units to the lengths of all of the
g.

1.
would you say in response to Andre? Explain or show your r

nsider using the edge of an index

copy.

2. Create the scaled copy that Andre wants. |
Jada's drawing

card or paper to measure the lengths neede
12

10

lllustrative’

"N\
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9 Are you ready for more?

The side lengths of Triangle B are all 5 more than the side lengths of Triangle A. Can Triangle B be
a scaled copy of Triangle A? Explain your reasoning.

SecA

- Lesson 3 Summary

scale factor of 4. This means m ing all the side lengths by 4, so in triangle DEF, each
side is 4 times as long as i de in triangle ABC.
F
8.96
4
C
24
A1
2 B D 8 E

Unit 1, Lesson3 @ 25
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Practice Problems

1 Hereare3polygons.

Draw a scaled copy of
Polygon A using a scale
factor of 2.

Draw a scaled copy of
Polygon B using a scale

factor of %

26 ® Grade7

Draw a copy of
Polygon C using a scale

o v lllustrative’
KH ‘ l \' [ Mathematics



2 Quadrilateral A has side lengths 6, 9, 9, and 12. Quadrilateral B is a scaled copy of
Quadrilateral A, with its shortest side of length 2. What is the perimeter of Quadrilateral B?

SecA

3 a. Draw a scaled copy of this polygon so that the sc eter of 30 units.

scale factor? Explain how you know.

Practice Problems @ 27



4 from Unit 1, Lesson 1
Priya and Tyler are discussing the figures.

o Priya says B, C, and D are scaled copies of A
o Tyler says B and D are scaled copies of A.

Do you agree with either of them? Explain your

P
T

reasoning.

V 295

ood together. Find a pair of

5 from Unit 1, Lesson 2
, and give the scale

Persian people made khatam by gluing many small pieces
figures in the design that are scaled copies. Outline the two

factor.

Q\/
R

28 @ Grade7

lllustrative’
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Unit 1, Lesson 4
Addressing CA CCSSM 7.G.1; practicing MP3, MP6, and MP7

Scaled Relationships

Let's find relationships between scaled copies.

SecA

m Notice and Wonder: Three Quadrilateral

What do you notice? What do you wonder?

Q
/N /

®
\\>)
T
O
M

Unit1, Lesson4 @ 29




1.

2.

Measuring the Three Quadrilaterals

Q
/N / N

®
v
T

h Y

1

N
N

Measure at least one set of corresponding an using a protractor. Record your

measurements to the nearest 5°.

What do you notice about the angle measure

e a
r @ re hard to tell from the grid, but there are other
(‘are easier to compare. Identify the distances in the other two

B and AC, and record them in the table.

distance that distance that
corresponds to DB | corresponds to AC

DB=4 AC =6

® v Mlustrative’
30 @ Grade? KH ‘ I \ ‘ Mathematics

LEARN MATH FOR LIFE



4. Look at the values in the table. What do you notice?

5. Are these three quadrilaterals scaled copies? Explain your reasoning.

SecA

Scaled or Not Scaled?

Here are two quadrilaterals.

D
()

ST is a scaled copy of polygon M NO P, but Noah disagrees. Do
m? Explain or show your reasoning.

orresponding distances in the table. What do you notice?

quadrilateral | horizontal distance | vertical distance

MNOP MO = NP =

ORST 0S = RT =

Unit1, Lesson4 ® 31



V 295

3. Measure at least three pairs of corresponding angles in M NOP and QRST using a
protractor. Record your measurements to the nearest 5°. What do you notice?

4. Do these results change your answer to the first question? Explain.

5. Here are two more quadrilaterals.

D 2 C
H 1, G

120° 120°

F

60° 60°
"BE

A 6
Kiran says that polygon EFG#lis a scaled copy of ABCD, but Lin disagrees. Do you agree

with either of them? Explain or show your reasoning.

9 Areyyou ready for more?
All side lengths‘of Quadrilateral Y are 2, and all side lengths of Quadrilateral Z are 3. Does

Quadrilateral’Y have to be a scaled copy of Quadrilateral Z? Explain your reasoning.

lllustrative’

o v )
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@ Comparing Pictures of Birds

Here are two pictures of a bird. Find evidence that one picture is not a scaled copy of the other: Be
prepared to explain your reasoning.

SecA

Q\’(O
v@

Unit1, Lesson4 @ 33
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a«» Lesson 4 Summary

When a figure is a scaled copy of another figure, we know that:

+ All distances in the copy can be
found by multiplying the A
corresponding distances in the /\ /\
original figure by the same scale
factor, whether or not the
endpoints are connected by a D
segment.

®
T

™
M

For example, Polygon STUVW X
is a scaled copy of Polygon
ABCDEF. The scale factor is 3.
The distance from T to X is 6,
which is three times the distance |
from Bto F.

T

=
<

+ All angles in the copy
have the same measure
as the corresponding 60°
angles in the original 60°
figure, as in these

triangles. 490 . 42°
78 78°

These observations can help,explaimwhy one figure is not a scaled copy of another.

For example, the second rectangle is not a 3 2
scaled copy of the firstirectangle, even though 1
their corresponding angles have the same 2
measure. Different pairs,of corresponding

lengths have different,scale factors, 2 - % =1

but3-§=2.

® v Mlustrative’
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Practice Problems

1 Select all the statements that must be true for any scaled copy Q of
Polygon P.

SecA

A. The side lengths are all whole numbers.
B. The angle measures are all whole numbers.
C. Q has exactly 1 right angle.

D. If the scale factor between P and Q is % then each side length of P is multiplied by % to
get the corresponding side length of Q.

E. If the scale factor is 2, each an

in Q.

ultiplied by 2 to get the corresponding angle

F. Q has 2 acute angles and 3 obtuse

Quadrilateral PORS is a scaled copy of quadrilateral
ABCD. Point P correspondsto A, Qto B, Rto C,and S to
D.

If the distance from P to R is 3 units, what is the distance
from Q to S? Explain your reasoning.

Practice Problems ® 35
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3

4 (from an earlier course

Figure 2 is a scaled copy of Figure 1.

Q
1
1
1
1 A Q
ATNG h
N
N\ ~
. . \
Figure 1 Figure 2l |
a. ldentify the points in Figure 2 that correspond to the poi an re 1. Label

them P and R. What is the distance between P and

b. Identify the points in Figure 1 that correspond to the points Q and .S in Figure 2. Label
them B and D. What is the distance between B and

c. What is the scale factor that takes Fi ure 2?

not shown. The distance between G
orresponding points on Figure 2?

d. G and H are two points on Figure 1, but
and H is 1. What is the dis e between th

int, the ratio of cups of pink paint to cups of blue paintis 6
s of pink paint to cups of blue paint that are equivalent to

To make 1 batch
to 5. Find two mor
this rati

of

® v Mlustrative’
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Unit 1, Lesson 5
Addressing CA CCSSM 7.G.1; building on 5.NBT.6, 5.NF.4, 5.NF.5, 6.NS.1; building towards 7.RP.2;

practicing MP5, MP7, and MP8

The Size of the Scale Factor

Let's look at the effects of different scale factors.

@ Math Talk: Missing Factor

Solve each equation mentally.

SecA

« 8x =4
« 8x=1
L. _
gx—l

Unit 1, Lesson5 ® 37



Card Sort: Scaled Copies

Your teacher will give you a set of cards. On each card, Figure A is the original and Figure Bis a

scaled copy.
Sort the cards based on their scale factors. Be prepared to explain your reasoning.

1.
2. Examine cards 10 and 13 more closely. What do you notice about the shapes and sizes of the

V 295

figures? What do you notice about the scale factors?

3. Examine cards 8 and 12 more closely. What do you notice about the figures?What do you

notice about the scale factors?

? Are you ready for more?
L

Triangle B is a scaled copy of Triangle.A with scale factor >
How many times biggerare the side lengths of Triangle B when compared with Triangle A?

1.
2. Imagine you scale Triangle B by a,scale factor of % to get Triangle C. How many times bigger

will the sidelengths of Triangle C be when compared with Triangle A?

3. Triangle B has been scaled once. Triangle C has been scaled twice. Imagine you scale triangle
A ntimestoget Triangle N, always using a scale factor of % How many times bigger will the

sidellengths of Triangle N be when compared with Triangle A?

lllustrative’

o v )
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Scaling A Puzzle

Your teacher will give you one of the six pieces of a puzzle.

1. If you drew scaled copies of your puzzle pieces using a scale factor of L would they be larger
or smaller than the original pieces? How do you know?

Sec A

this:

2. Create a scaled copy of each puzzle piece on a blank square with a scale factor of %
3. When everyone in your group is finished, put all 6 of the original puzzle pieces together like

Next, put all 6 of your scaled copies together..€ompare your scaled puzzle with the original
puzzle. Which parts seem to be scaled\correctly and,which seem off? What might have caused
those parts to be off?

4. Revise any ofsthe scaled copies that may have been drawn incorrectly.
5.

If you were tolose oneofithe pieces of the original puzzle, but still had the scaled copy, how
could you recreate the lost piece?

Unit 1, Lesson5 @ 39



Missing Figure, Factor, or Copy

1. What is the scale factor from the original triangle to its copy? Explain or show your reasoning.

Original opy
2. The scale factor from the original trapezoi its ¢ is 2. Draw the scaled copy.
ina Copy

® v Mlustrative’
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3. The scale factor from the original figure to its copy is % Draw the original figure.

SecA

Original Copy
4. What is the scale factor from the original figure to the Xp u know.
Original Copy
5. The scale factor from the ori figur its scaled copy is 3. Draw the scaled copy.

Original Copy

Unit 1, Lesson5 @ 41
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« Lesson5 Summary

The size of the scale factor affects the size of the copy. When a figure is scaled by a scale factor
greater than 1, the copy is larger than the original. When the scale factor is less than 1, the copy is
smaller. When the scale factor is exactly 1, the copy is the same size as the original.

Triangle DEF is a larger scaled copy of triangle A BC, because the scale factor from ABC to
DEFis % Triangle ABC is a smaller scaled copy of triangle DEF, because the scale factor

from DEF to ABC is %

7.5
4.5

This means that triangles ABC and DEF are scaled copies of each other. It also shows that

scaling can be reversed using reciprocal scale factofs, such as % and %
In other words, if we scale Figure A using a scale factor of 4 to create Figure B, we can scale Figure

B using the reciprocal scale facter, %, to create Figure A.

Glossary

* reciprocal

® v Mlustrative’
42 e Grade7 KH ‘ I \ ‘ Mathematics

LEARN MATH FOR LIFE



Practice Problems

1 Rectangles P, Q, R, and S are scaled copies of one another. For each pair, decide if the scale
factor from one to the other is greater than 1, equal to 1, or less than 1.

SecA

fromPtoQ

S

fromPtoR
fromQtoS

a n

fromQtoR
fromStoP

m

f. fromRtoP

g. fromP to

. Triangle M is also a scaled copy of S. The scale factor [\
fromStoMis % What is the scale factor from M to S?

Practice Problems ® 43
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3 Are two squares with the same side lengths scaled copies of one another? Explain your

reasoning.

4 from Unit 1, Lesson 2
Quadrilateral A has side lengths 2, 3, 5, and 6. Quadrilateral B has side

10. Could one of the quadrilaterals be a scaled copy of the other? Ex

5 (from an earlier course)
Select all the ratios that are equivalent to t 012 ;

A 6:1

B. 1:

KH | 1\"
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Unit 1, Lesson 6
Addressing CA CCSSM 7.G.1, 7.G.6; building on 6.G.1; building towards 7.G.4, 7.G.6, 7.RP.23;

practicing MP7 and MP8

Scaling and Area

Let's build scaled shapes and investigate their areas.

Sec A

Scaling a Pattern Block

Your teacher will give you some pattern blocks. Work with your group‘to build the scaled copies
described in each question.

' A OB

. How many blue rhombus blocks does it'take to build a scaled copy of Figure A:

a. Where each side is twice as long?
b. Where each side is 3 times as long?
c. Where each side is 4 times as long?
2. How many green triangle blocks dees'it take to build a scaled copy of Figure B:
a. Where each'side is twice as long?
b. Where gach side'is:3 times as long?
c. Using a scale factor of 4?
3. How'many red trapezoid blocks does it take to build a scaled copy of Figure C:
a. Usingascale factor of 27
b.< Usingra scale factor of 3?

c. Using a scale factor of 4?
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Scaling More Pattern Blocks

Your teacher will assign your group one of these figures.

D E F

1. Build a scaled copy of your assigned shape using a scale factor of.2, Use the same shape
blocks as in the original figure. How many blocks did it take?

2. Your classmate thinks that the scaled copies in the previous problem will each take 4 blocks
to build. Do you agree or disagree? Explain your reasoning.

3. Start building a scaled copy of yodriassigned figure using a scale factor of 3. Stop when you
can tell for sure how many blocks it would takefRecord your answer.

4. Predict: How many blocks'would it take to build scaled copies using scale factors 4, 5, and 6?
Explain or show your reasenings

5. How isthe patternin this activity the same as the pattern you saw in the previous activity?
How s it different?

® v Mlustrative’
46 ® Grade7 KH ‘ I \ ‘ Mathematics

LEARN MATH FOR LIFE



Are you ready for more?

1. How many blocks do you think it would take to build a scaled copy of one yellow hexagon
where each side is twice as long? Three times as long?

N

Figure out a way to build these scaled copies.

SecA

w

Do you see a pattern for the number of blocks used to build these scaled
reasoning.

@ plain your
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Area of Scaled Parallelograms and Triangles

1. Your teacher will give you a figure with measurements in centimeters. What is the area of
your figure? How do you know?

2. Work with your partner to draw scaled copies of your figure, using each sc cto he
table. Complete the table with the measurements of your scaled copie

scale factor | base (cm) | height (cm) | area (c

o
R

® v Mlustrative’
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3. Compare your results with a group that worked with a di

SecA

hat is the same

about your answers? What is different?

e following scale factors, what would their
k to reach an agreement. Be prepared to

. If you drew scaled copies of your fi
areas be? Discuss your thinking. If yo
explain your reasoning.

scal ctor | area (cmz)

|
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«» Lesson 6 Summary

Scaling affects lengths and areas differently. When we make a scaled copy, all original lengths are
multiplied by the scale factor. If we make a copy of a rectangle with side lengths 2 units and 4 units
using a scale factor of 3, the side lengths of the copy will be 6 units and 12 units, because2 - 3 =6
and4 -3 =12.

4 12

The area of the copy, however, changes by a factor of (scale factor)z. If'leach'side length of the
copy is 3 times longer than the original side length, then the area‘of the copy will'be 9 times the
area of the original, because 3 - 3, or 32, equals 9.

(@)}
IR T -

4 12

In this example, the area of the original rectangleds 8 units® and the area of the scaled copy is 72

unitsz, because 9 - 8 = 72. \We can sege that thelarge rectangle is covered by 9 copies of the small
rectangle, without gaps or overlapst We can also verify this by multiplying the side lengths of the
large rectangle: 6 + 12 = 72

Lengths are one-dimensional, s6iin a scaled copy, they change by the scale factor. Area is two-
dimensional, so'it changes by the square of the scale factor. We can see this is true for a rectangle
with length / and width w. If we scale the rectangle by a scale factor of s, we get a rectangle with
length séshand width'sye w. The area of the scaled rectangleis A = (s« /) - (s - w),

so A = (8%) - (I Jw). The fact that the area is multiplied by the square of the scale factor is true
for scaled copies of other two-dimensional figures too, not just for rectangles.
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Practice Problems

1 Onthegrid, draw a scaled copy of Polygon Q using a scale factor of 2. Compare the
perimeter and area of the new polygon to those of Q.

SecA

2 Arighttriangle has an area of 36 square

at will

scale factor | area (unitsz)
? Explain

1 36

N —

ST}

Practice Problems ® 51
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3 Diego drew a scaled version of a Polygon P and labeled it Q.

4

Diego use to go from P to Q? Explain your reasoning.

D

from Unit 1, Lesson 2
Here is an unlabeled polygon, along with its scaled copies Polygons A-D. For eac
determine the scale factor. Explain how you know.
——
7
AJ
B
%
/ ]
/ D
/

If the area of Polygon P is 72 square units, what scale factor did

opy,

KH 1.\
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Unit 1, Lesson 7
Addressing CA CCSSM 7.G.1; practicing MP2 and MP5

Scale Drawings

Let's explore scale drawings.

@ What is a Scale Drawing?

Here are some drawings of a school bus, a quarter, and the subway lin nd ton,
Massachusetts.

SecB

The first three drawings are scale drawings of these objects.

The next three drawing

@ scale ings of these objects.

Discuss with your partner what a scale drawing is.
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Sizing Up a Basketball Court

measurements labeled, but it says that 1 centimeter represents 2 meters.

1.

labeled a-d. Record your results in the first row of the table.
2. The statement “1 cm represents 2 m” is the scale of the drawing. It can also be expressed as

“Tcmto 2 m,” or “1 cm for every 2 m.” What do you think the scale tells us?

3. How long would each measurement from the first questionge on an actual basketball court?

Explain or show your reasoning.

(c) hoop (d) 3 point line

(b) width

(a) length
of court

measurement
of court

to hoop to sideline

scale drawing

Your teacher will give you a scale drawing of a basketball court. The drawing does not have any

To the nearest tenth of a centimeter, measure the distances on the scale drawing that aré

actual court

4. On an actual basketball court, the bench area is typically 9 meters long.
a. Without measuring, determine how long the bench area should be on the scale drawing

b. 'Cheekyour answer by measuring the bench area on the scale drawing. Did your

prediction match your measurement?

54 e Grade7
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Tall Structures

Here is a scale drawing of some of the world's tallest structures.

SecB

1.

About how tall is the actual Willis Tower? About how talhis th ual Great Pyramid? Be
prepared to explain your reasoning.

2. About how much taller is the Burj Khali

an
reasoning.

Eiffel Tower? Explain or show your

3. Measure th eg

that shows the scale to the nearest tenth of a centimeter. Express
ing using numbers and words.

ain were shown on the scale drawing, how would its height compare to the heights of the
uctures? Explain or show your reasoning.
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«» Lesson7 Summary

Scale drawings are two-dimensional representations of actual objects or places. Floor plans and
maps are some examples of scale drawings. On a scale drawing:

* Every part corresponds to something in the actual object.
+ Lengths on the drawing are enlarged or reduced by the same scale factor.

+ Ascale tells us how actual measurements are represented on the drawing. For example,.if a

map has a scale of “1 inch to 5 miles” then a %—inch line segment on

that map would represent an actual distance of 2.5 miles.

Sometimes the scale is shown as a segment on the drawing
itself. For example, here is a scale drawing of a stop sign with a
line segment that represents 25 cm of actual length.

The width of the octagon in the drawing is about three times the
length of this segment, so the actual width of the sign is about
3 .25, 0or75cm.

Because a scale drawing is two-dimensional, some aspects of
the three-dimensional object are not represented. Forexample,
this scale drawing does not show the thickness of the stop_sign.

A scale drawing may not show every detail of the actual object;
however, the features that are shown correspond to the actyal
object and follow the specified scale.

Glossary

* scale

+ scale drawing
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Practice Problems

1 The Westland Lysander was an aircraft used by the Royal Air Force in the 1930s. Here are
some scale drawings that show the top, side, and front views of the Lysander.

SecB

Use the scales and scale drawings

xima

he actual lengths of:
a. The wingspan of the plane, to the

b. The height of the pla

c. Thelengtho

awing of a rectangular room measures 3 inches long and 5.5 inches wide. The
ale says that 1 inch on the drawing represents 10 feet in the actual building. What are the
length and width of the actual room?

Practice Problems ® §7
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3 Hereis a scale map of Lafayette Square, a rectangular garden north of the White House.

a. The scale is shown in the lower right corner. Find the actual side lengths of Lafayette
Square in feet.

b. Use aninch ruler to measure the line se nt of the graphic scale. About how many
feet does one inch represent on this ?

4  fromUnit1, Lesson 6

Here is Triangle A a scaled copy of Triangle A with an area of 72 square units.

hat is the length of the bottom side of the scaled copy?
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Unit 1, Lesson 8
Addressing CA CCSSM 7.G.1; building on 6.NS.2, 6.RP.3b; building towards 7.RP.2b; practicing MP2

Scale Drawings and Maps

Let's use scale drawings to solve problems.

A Train and a Car

Two cities are 243 miles apart.

SecB

« |t takes a train 4 hours to travel between the two cities at a co

+ A car travels between the two cities at a constant speed o

Which is traveling faster, the car or the train? Be prepare
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Biking through Kansas

A cyclist rides at a constant speed of 15 miles
per hour. At this speed, about how long would
it take the cyclist to ride from Garden City to
Dodge City, Kansas?

g29S
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Driving on 1-90

1. Adriver is traveling at a
constant speed on Interstate
90 outside Chicago. If she
traveled from Point A to
Point B in 10 minutes, at
what speed was she driving?
Explain your reasoning.

SecB

2. Ahelicopter flew directly from Point A to

in 9 minutes. Did the helicopter travel faster
or slower than the driver? lain or show

r reasoning.
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«» Lesson 8 Summary

Maps with scales are useful for making calculations involving speed, time, and distance. Here is a

map of part of Alabama.

Since 90 miles in 1.5 hours is
the same speed as 180 mi in 3
hours, the car is traveling
about 60 mi per hour.

e
3

Suppose it takes a car 1 hour and 30
minutes to travel at constant speed from
Birmingham to Montgomery. How fast is the
car traveling?

To make an estimate, we need toknow about
how far it is from Birmingham to Montgemery.
The scale of the map represents 20 mi, so we
can estimate that the distance between these
cities is about 90 mi.

time (hours) distance (miles)

1.5 90
e
3 180

W=

1 60 >

Suppose a car is traveling at.a constant speed of 60 miles per hour from Montgomery to
Centreville. How long williit take the car to make the trip? Using the scale, we can estimate that it is
about 70 mi. Since, 60 miles per-hour is the same as 1 mile per minute, it will take the car about 70
minutes (or 1 hounand10,minutes) to make this trip.
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Practice Problems

1 a. Awhale swims at a constant speed of 4 meters per second. How far does it travel in 40
seconds?

b. A horse runs at a constant speed of 5 meters per second. How much time does it ta
for the horse to travel 50 meters?

c. Agoose flies at a constant speed, traveling 201 meters in Whatiis its speed
in meters per second?

2 Hereis a map that shows parts of Texas and Oklaho

a. About how é om Amarillo to Oklahoma City? Explain your reasoning.

constant speed of 70 miles per hour, will it be possible to make this trip in
s? Explain how you know.
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3 Amap of a park is made with the scale 1 inch to 200 feet.

a. On the map, the north side of the park is 1 foot long.
How long is the north side of the actual park?

i.
A person walks along the north side of the park, at a constant speed of 5 feet per

.
second. How long does this take them?

b. A straight path in the park is 900 feet long.

How long is this path on the map?

i.
A person skateboards along the path, traveling the entire length of the,path in 90

i
seconds. What is their speed in feet per second?

g 23S

4  fromUnit1, Lesson 5

Here are Polygons P and Q.
1
3

6

a. If Polygen Piisithe original figure and Polygon Q is the scaled copy, what is the scale
factor? Explain your reasoning.
b. TIf Polygon Q is the original figure and Polygon P is the scaled copy, what is the scale

factor? Explain your reasoning.

lllustrative’
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Unit 1, Lesson 9
Addressing CA CCSSM 7.G.1; building on 3.NF.3, 5.NBT.3; practicing MP7

Creating Scale Drawings

Let's create our own scale drawings.

@ Math Talk: More Unit Fractions

Find the value of each expression mentally.

SecB

. 1,
3

@ Bedroom Floor PI@
Here is a rough Sketh be ot a scale drawing).
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Noah wants to create a floor plan that is a scale drawing.
The actual length of Wall Cis 4 m. To represent Wall C, Noah draws a segment 16 cm long.

1.
What scale is he using? Explain or show your reasoning.

2. Find another way to express the scale.

e?

g29S

3. Discuss your thinking with your partner. How do your scales ¢

.75 m. Determine how long these

m an
reasoning.

4. The actual lengths of Wall A and Wall D are
walls will be on Noah's scale floor plan. Ex orsShowy

flo lan on which Wall C was 20 cm, would 1 cm to 5 m be the

lllustrative’

"N\
KH ‘ B\ Mathematics

66 ® Grade7



Two Maps of Utah

A rectangle around Utah is about 270 mi wide and about 350 mi tall. The upper right corner that is
missing is about 110 mi wide and about 70 mi tall.
1. Make a scale drawing of Utah where

Make a scale drawing of Utah w
1 centimeter represents 50 mi.

1 centimeter represents 75

SecB

ompare? How does the choice of scale influence the drawing?
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«» Lesson 9 Summary

If we want to create a scale drawing of a room's floor plan that has the scale “1 inch to 4 feet,” we
can divide the actual lengths in the room (in feet) by 4 to find the corresponding lengths (in inches)
for our drawing.

Suppose the longest
wall is 23 feet long.
We should draw'a,line
5.75 incheslong to
represent this wall,
because

23 -4 =35.75.

There is more than one way to express this scale. These three * Tinchto 4 feet
scales are all equivalent, because they represent the same
relationship between lengths on a drawing and actual lengths:

inch to 2 feet

1
2
% inch to 1 foot

Any of these scales can be used to find actual lengths and scaled lengths (lengths on a drawing).
For instance, we can tell that, atthis scale, an 8-faot long wall should be 2 inches long on the
drawing because % -8 =2.

The size of a scale drawingis influenced by the choice of scale. For example, here is another scale
drawing of the same room using the scale 1 inch to 8 feet.

Notice that this drawing is smaller than the previous
one. Since one inch on this drawing represents twice as
much actual distance, each side length needs to be only
half as long as it was in the first scale drawing.
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Practice Problems

1 Theflag of Colombia is a rectangle that is 6 ft long with three horizontal stripes

o The top stripe is 2 ft tall and is yellow.

o The middle stripe is 1 ft tall and is blue.

o The bottom stripe is also 1 ft tall and is red

a.

Create a scale drawing of the Colombian flag with a scale of 1 cm to 2t

SecB

b. Create a scale drawing of the Colombian flag with a scale of 2 cm to 1 ft.

2 Animagef.a book shown on a website is 1.5 inches wide and 3 inches tall on a computer
monitar, The actual book is 9 inches wide.

amWhat'scale is being used for the image?

b. How tall is the actual book?
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3 from Unit 1, Lesson 6
These triangles are scaled copies of each other.
F B G H
5
5 10
2 2 8 3
3
4 5
3
2
8 10
3

larger

6
For each pair of triangles listed, the area of the second triangle is ho

g29S

than the area of the first?

a. Triangle G and Triangle F
Triangle G and Triangle B
Triangle B and Triangle F

Triangle F and Triangle H

e. Triangle G and Tria
f. TriangleH a ian

70 @ Grade7
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4 from Unit 1, Lesson 3

Here is an unlabeled rectangle, followed by other quadrilaterals that are labeled.

p

SecB

LILl
—

a
a. Select all quadrilaterals that are d ies of the unlabeled rectangle. Explain how
you know.

w h paper, draw a different scaled version of the original rectangle.
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Unit 1, Lesson 10
Addressing CA CCSSM 7.G.1; building on 2.MD.1-4, 6.G.1; building towards 7.G.6, 7.RP.3;

practicing MP7 and MP8

Changing Scales in Scale Drawings

Let's explore different scale drawings of the same actual thing.

Appropriate Measurements

1. If a student uses a ruler like this to measure the length of their foot, whi€h choices,would,be
appropriate measurements? Select all that apply. Be prepared to explain your reasoning.

g 23S

A. 9% inches

B. 9% inches

C. 23.47659 centimeters
D. 23.5 centimeters

E. 23.48 centimeters

2. Hereis a scale drawing of an average seventh-grade student&required;s foot next to a scale
drawing of a foot belonging to the person with the largest feet in the world. Estimate the
length of the larger foot.
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Same Plot, Different Drawings

Here is a map showing a plot of land in the shape of a right triangle.

SecB

1. Your teacher will assign you a scale

of the plot of land. Make sure to writ

2. What is the area of the triangle you drew:

n or show your reasoning.

3. How many em

are represented by 1 square centimeter in your drawing?

one in your group is finished, order the scale drawings from largest to smallest.
at do you notice about the scales when your drawings are placed in this order?
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9 Are you ready for more?
Noah and Elena each make a scale drawing of the same triangular plot of land, using the following

scales. Make a prediction about the size of each drawing. How would they compare to the scale

drawings made by your group?

1. Noah uses the scale 1 cm to 200 m.

2. Elena uses the scale 2 cm to 25 m.

A New Drawing of the Playground

g29S

imeter t ers.

Here is a scale drawing of a playground.
The scaleis 1

B

D

Make another scale drawing of the same pl

§\/

the two scale drawings compare?

d at ale of 1 centimeter to 20 meters

1.

How

lllustrative’
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a, Lesson 10 Summary

Sometimes we have a scale drawing of something, and we want to create another scale drawing of
it that uses a different scale. We can use the original scale drawing to find the size of the actual

object. Then we can use the size of the actual object to figure out the size of our new scale
drawing.

For example, here is a scale drawing of a park where the scale is 1 cm to 90 m.

The rectangle’is 10.em by 4
c¢m, so the'actual dimensions
of the park‘are 900 m by 360
m, because 10«90 = 900 and
4 - 90 = 360:

SecB

Suppose we want to make another scale drawing of the park where the scale is 1 cm to 30 meters.
This new scale drawing should be 30 cm by 12 cm¢because 900 + 30 = 30 and 360 + 30 = 12.

Another way to find this answer is to think about howthe two different scales are related to each
other. In the first scale drawing, 1 cm represented 90 m. In the new drawing, we would need 3 cm
to represent 90 m. That means‘each length in the new scale drawing should be 3 times as long as

it was in the original drawing..The new scaledrawing should be 30 cm by 12 cm, because
3-10=30and3-4=42.

Since the length and width aré 3 times as long, the area of the new scale drawing will be 9 times as
large as the arealof the original scale drawing because 32 =0.
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Practice Problems

1 Hereisascale drawing of a swimming pool where 1 cm represents 1 m.

g29S

a. How long and how wide is the actual swimming pool?

r or smaller than this drawing?

b. Will a scale drawing where 1 cm represents 2 m be |
c. Make a scale drawing of the swimming poolwhere 1 cm ents 2 m.

a scale of 1 inch to 1,000 feet. Another map of the same park has a

3 park
0 500 feet. Which map is larger? Explain or show your reasoning.

lllustrative’

"N\
KH ‘ B\ Mathematics

‘ 76 @ Grade7



S On a map with a scale of 1 inch to 12 feet, the area of a restaurant is 60 in2. Han says that

the actual area of the restaurant is 720 ft>. Do you agree or disagree? Explain your
reasoning.

4

from Unit 1, Lesson 3

If Quadrilateral Q is a scaled copy of Quadrilateral P created

the perimeter of Q?
7
15 P
@

opy ngle FG H. For each of the following parts of triangle

SecB

tor of 3, what is

5

from Unit 1, Lesson 2

ponding part of triangle JK L.
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Unit 1, Lesson 11
Addressing CA CCSSM 7.G.1; practicing MP6 and MP7

Scales without Units

Let's explore a different way to express scales.

One to One Hundred

A map of a park says its scale is 1 to 100.

1. What do you think that means?

2. Give an example of how this scale could tell us about measurements in the park.

Apollo Lunar Module

Your teacher will give you a'scale drawing of the Apollo Lunar Module. It is drawn at a scale of 1 to
50.

1. Estimate the actuablength of one leg of the spacecraft to the nearest 10 centimeters. Explain
or show your reasoning.
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2. Estimate the actual height of the spacecraft to the nearest meter. Explain or show your
reasoning.

3. Neil Armstrong was 71 inches tall when he went to the Moon. How tall would he be in this
scale drawing? Show your reasoning.

4. Sketch a stick figure to represent yourself standing next to the Apollo Lunar,Module. Make

sure the height of your stick figure is to scale. Show how you determined your height on the
drawing.

SecB

@ Are you ready for more?

The table shows the distance between the Sun
and 8 planets in our solar system.

planet average distance

1. If you wanted to create a scale model of. (millions of miles)
the solar system that could.fit somewhere
) Mercury 35
in your school, what scale/would you use?
Venus 67
Earth 93

2. The diameter'of Earth is approximately
8,000 mixWhatwould the diameter of Mars 142
Earth bejin your scale model?

Jupiter 484

Saturn 887

Uranus 1,784
Neptune 2,795
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Same Drawing, Different Scales

A rectangular parking lot is 120 feet long and 75 feet wide.
+ Lin made a scale drawing of the parking lot at a scale of 1 inch to 15 feet. The drawing she
produced is 8 inches by 5 inches.

+ Diego made another scale drawing of the parking lot at a scale of 1 to 180. The drawi
produced is also 8 inches by 5 inches.

1. Explain or show how each scale would produce an 8 inch by 5 inch drawing.

g29S

2. Make another scale drawing of the same parking lot at a scale of 1 inch to 20 feet. Be
prepared to explain your reasoning.

&
N
X

he scale of 1 inch to 20 feet as a scale without units. Explain your reasoning.

Expr
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a, Lesson 11 Summary

In some scale drawings, the scale specifies one unit for the distances on the drawing and a
different unit for the actual distances represented. For example, a drawing could have a scale of 1
cm to 10 km.

In other scale drawings, the scale does not specify any units at all. For example, a map may simply
say that the scale is 1 to 1,000. In this case, the units for the scaled measurements and actual
measurements can be any unit, as long as the same unit is being used for both. If ammap of a park
has a scale 1 to 1,000, then 1 inch on the map represents 1,000 inches in the park, and 12
centimeters on the map represent 12,000 centimeters in the park. In other words, 1,000 is the

scale factor that relates distances on the drawing to actual distances, and 10% is the scale factor

that relates an actual distance to its corresponding distance on the dfawing.

SecB

A scale with units can be expressed as a scale without units by converting one measurement in
the scale into the same unit as the other (usually the unit usediinrthe drawing)d{For example, these
scales are equivalent:

* 1inch to 200 feet
« 1inch to 2,400 inches (because there are 12 inches in 1foot; and 200 - 12 = 2,400)
« 1to 2,400

This scale tells us that all actual distances-are 2/400 times their corresponding distances on the

drawing, and distances on the drawing are Tloo times the actual distances that they represent.
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Practice Problems

1 Ascaledrawing of a car is presented in the following three scales. Order the scale drawings
from smallest to largest. Explain your reasoning. (There are about 1.1 yards in 1 meter, and
2.54 centimeters in 1 inch.)

a. 1inchto 1 foot
b. 1inchto 1 meter

¢. Tinchto1yard

g29S

2 Which scales are equivalent to 1 inch to 1 foot? Select all apply.
A 1to12
1
B. IR to 1
C. 100t0 0.12

D. 5to 60

E. 36to3

F. 9to 108

ilt at'a scale of 1 to 72. If the model plane is 8 inches long, how many
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4 from Unit 1, Lesson 3

Quadrilateral A has side lengths 3, 6, 6, and 9. Quadrilateral B is a scaled copy of A with a
shortest side length equal to 2. Jada says, “Since the side lengths go down by 1 in this
scaling, the perimeter goes down by 4 in total.” Do you agree with Jada? Explain your
reasoning.

SecB

5 from Unit 1, Lesson 6

Polygon B is a scaled copy of Polygon ing a scale factor of 5. Polygon A’s area is what
fraction of Polygon B's area?

6 from Uni

Figures R, are all scaled copies of one another. Figure S is a scaled copy of R using a
re T is a scaled copy of S using a scale factor of 2. Find the scale factors

c. FromRtoT

d. FromTtoR

Practice Problems ® 83
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Unit 1, Lesson 12
Addressing CA CCSSM 7.G.1; building on 6.RP.3d; practicing MP3, MP6, and MP7
Units in Scale Drawings

Let's use different scales to describe the same drawing.

Equal Measures

Use the numbers and units from the list to find as many equivalent measure (o} n. For
example, you might write “30 minutes is % hour.”

You can use the numbers and units more than once.

1 0.3 ce er (cm)

1
2
12 40 24 eter (m)

0.4 100 — kilometer (km)

10
8 31 inch (in)
3
50 30 foot (ft)
2 yard (yd)
3

LEARN MATH FOR LIFE
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Card Sort: Scales

Your teacher will give you some cards with a scale on each card.
1.

Take turns with your partner to sort the cards into sets of equivalent scales. Each set shou
have at least two cards.

a. For each match that you find, explain to your partner how you know it's

b. For each match that your partner finds, listen carefully to their expla
disagree, discuss your thinking and work to reach an agreement.

2. Trade places with another group and check each other’s work. | t how the
scales should be sorted, work to reach an agreement.
Pause here so your teacher can review your work.

3.

Next, record one of the sets with three equivalent s

Unit 1, Lesson 12 ® 85

es and explain why they are equivalent.
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The World's Largest Flag

As of 2016, Tunisia holds the world record for the largest version of a national flag. It was almost
as long as four soccer fields. The flag has a circle in the center, a crescent moon inside the circle,
and a star inside the crescent moon.

1. Complete the table. Explain or show your reasoning.

height of

flag length | flag height
ageng ag nelg crescent moon

actual 396 m 99 m

at 1 to 2,000 scale 13.2cm

2. Complete each scale with the value that makes it equivalent to the scale of 1 to 2,000. Explain
or show your reasoning.

a. Tcmto cm

b. Tcmto m

c. Tanto km

d. 2mto m

e. 5amto m

f. cm t0.1,000.m
g. mm to 20 m

3. a. Whatiis the'area of the large flag?
b. What is the area of the smaller flag?

€. Thearea of the large flag is how many times the area of the smaller flag?
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Pondering Pools

Your teacher will give you a floor plan of a recreation center.

1. What is the scale of the floor plan if the actual side length of the square pool is 15 m? Express
your answer both as a scale with units and without units.

SecB

2. Find the actual area of the large rectangular pool. Show your reasoning.

3. The kidney-shaped pool has an area of 3.2 cm? on the drawing. What is its actual area?

Explain or show your reasoning.

? Are you ready for more?

1. SquareAis a scaled copy of Square B with scale factor 2. If the area of Square Ais 10 unitsz,
what is the area of Square B?

2. Cube A'is'a scaled copy of Cube B with scale factor 2. If the volume of Cube Ais 10 units>,
what is the volume of Cube B?

The four-dimensional Hypercube A is a scaled copy of Hypercube B with scale factor 2. If the

“volume” of Hypercube A is 10 units4, what do you think the “volume” of Hypercube B is?
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&, Lesson 12 Summary

Sometimes scales come with units, and sometimes they don't. For example, a map of Nebraska
may have a scale of 1T mm to 1 km. This means that each millimeter of distance on the map
represents 1 kilometer of distance in Nebraska. Notice that there are 1,000 millimeters in 1 meter
and 1,000 meters in 1 kilometer. This means there are 1,000 - 1,000 or 1,000,000 millimeters in 1
kilometer. So, the same scale without units is 1 to 1,000,000, which means that each unit of
distance on the map represents 1,000,000 units of distance in Nebraska. This is true for any choice
of unit to express the scale of this map.

Sometimes when a scale comes with units, it is useful to rewrite it without units. For example; let's
say we have a different map of Rhode Island, and we want to use the two maps to.compare the
size of Nebraska and Rhode Island. It is important to know if the maps are atithe samescale. The
scale of the map of Rhode Island is 1 inch to 10 miles. There are 5,280 feet/in 1 mile, and 12 inches
in 1 foot, so there are 63,360 inches in 1 mile (because 5,280 + 12 = 63,360). Therefore, there are
633,600 inches in 10 miles. The scale of the map of Rhode Island without unitsis 1 to®%33,600. The
two maps are not at the same scale, so we should not use these maps to compare the size of
Nebraska to the size of Rhode Island.

Here is some information about equal lengths that you may find useful.

Customary Units Metric Units

1 foot (ft) = 12 inches (in) 1 centimeter.(cm) = 10 millimeters (mm)
1 yard (yd) = 36 inches Tmeter (m)= 1,000 millimeters (mm)

1 yard = 3 feet 1 meter = 100 centimeters

1 mile = 5,280 feet 1 kilometer (km) = 1,000 meters

Equal Lengths in Different Systems

1 inch = 2.54 centimeters 1 centimeter ~ 0.39 inch
1 foot ~ 0.30 meter 1 meter ~ 39.37 inches
1 mile =~ 1.61 kilometers 1 kilometer ~ 0.62 mile
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Practice Problems

1 The Empire State Building in New York City is about 1,450 feet high (including the antenna
at the top) and 400 feet wide. Andre wants to make a scale drawing of the front view of the
Empire State Building on an 8%-inch-by-11-inch piece of paper. Select a scale that you think

is the most appropriate for the scale drawing. Explain your reasoning.
A. Tinchto 1 foot

1 inch to 100 feet

1inch to 1 mile

1 centimeter to 1 meter

SecB

1 centimeter to 50 meters

m m U N @

1 centimeter to 1 kilometer

2 Elena finds that the area of a house oft a scale drawing is 25 square inches. The actual area
of the house is 2,025 square feet.AWhat isthe scale of the drawing?

3 Which of these.scales are equivalent to 3 cm to 4 km? Select all that apply. Recall that 1 inch
is 2.54 centimeters.

A 0.75em.to 1 km
B. 1cmto 12 km
C. 6mmto 2 km
D. 0.3mmto40 m

E. 1into7.62 km

Practice Problems ® 89
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4 These two triangles are scaled copies of one another. The area of the smaller triangle is 9
square units. What is the area of the larger triangle? Explain or show how you know.

[~

5 Cfrom an earlier course)

Water costs $1.25 per bottle. At this rate, what is the cost

a. 10 bottles?
b. 20 bottles?

c. 50 bottles?

6 (from an earlier course)

The first row of the ta
soap solution.

e amount of dish detergent and water needed to make a

a. Complete th 3, and 4

number of | cups of | cups of
batches water | detergent

b. How nd detergent is
needed batches? Explain your 1 6 1
ing.
2
3
4
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Unit 1, Lesson 13
Addressing CA CCSSM 7.G.1; practicing MP1 and MP4
Draw It to Scale

Let's draw a floor plan.

@ Which Measurements Matter?

Which measurements would you need in order to draw a scale floor pla
which parts of the classroom you would measure and include in the
possible.

Sec C
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Creating a Floor Plan (Part 1)

1. On a blank sheet of paper, make a rough sketch of a floor plan of the classroom. Include

parts of the room that the class has decided to include or that you would like to include.
Accuracy is not important for this rough sketch, but be careful not to leave out important
features like a door.

2. Trade sketches with a partner and check each other’s work. Specifically, check if any parts are

missing or incorrectly placed. Return their work and revise your sketch as needed.

3. Discuss with your group a plan for measuring. Work to reach an agreement.on:

o Which classroom features must be measured and which are optional.

o The units to be used.

o How to record and organize the measurements (on the sket€h,in a'list, in atable, etc.).

o How to share the measuring and recording work (or the role each group member will
play).

4. Gather your tools, take your measurements; and record them as planned. Be sure to double-

check your measurements.

5. Make your own copy of all thesmeasurementsithat your group has gathered, if you haven't

already done so. You will need them for the next activity.
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Creating a Floor Plan (Part 2)

Your teacher will give you several paper options for your scale floor plan.

1. Determine an appropriate scale for your drawing based on your measurements and your
paper choice. Your floor plan should fit on the paper and not end up too small.

2. Use the scale and the measurements your group has taken to draw a scale floorplan of the
classroom. Make sure to:

o Show the scale of your drawing.

[e]

Label the key parts of your drawing (the walls, main openings, etc.) with theipactual
measurements.

o Show your thinking and organize it so it can be followed by others.

@ Are you ready for more?

Sec C

1. If the flooring material in your classroom is to be replaced withf10-inch by 10-inch tiles, how

many tiles would it take to cover the entirelroom? Use your scale drawing to approximate the
number of tiles needed.

2. How would using 20-inch by 20-inchtiles (instead of,10-inch by 10-inch tiles) change the
number of tiles needed? Explain your reasoning

Creatinga Floor Plan (Part 3)

1. Trade floor,plans with another student who used the same paper size that you used. Discuss
your observations and thinking.

2. Trade floorplans with another student who used a different paper size than you used.
Discussyour observations and thinking.

3. Based on your discussions, record ideas for how your floor plan could be improved.
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Learning Targets

Lesson 1 What Are Scaled Copies?
* | can describe some characteristics of a scaled copy.

+ | can tell whether or not a figure is a scaled copy of another figure.

Lesson 2 Corresponding Parts and Scale Factors
* | can describe what the scale factor has to do with a figure and its scaled copy.
* In a pair of figures, | can identify corresponding points, corresponding segments, and
corresponding angles.
Lesson 3 Making Scaled Copies
+ | can draw a scaled copy of a figure using a given scale factor.

+ | know what operation to use on the side lengths of a figure£o produce a scaled copy.

Lesson 4 Scaled Relationships

* | can use corresponding distances and corresponding angles to tellwhether one figure is a
scaled copy of another.

+ When | see a figure and its scaled copy, | can explain'what is true about corresponding
angles.

+ When | see a figure and its scaled copy, | can explainwhat is true about corresponding
distances.
Lesson 5 The Size of the ScaleFactor

* | can describe the effecton a scaled copy when | use a scale factor that is greater than 1, less
than 1, or equal to 1«

*+ | can explain how the scale factor that takes Figure A to its copy Figure B is related to the
scale factor that takes Figure B to Figure A.
Lesson 6 Scaling and Area
| camndescribe howthe area of a scaled copy is related to the area of the original figure and
the scale factor.that was used.
Lesson 7'Scale Drawings
*_can explain what a scale drawing is, and | can explain what its scale means.
* | can use actual distances and a scale to find scaled distances.

«wl'can use a scale drawing and its scale to find actual distances.
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Lesson 8 Scale Drawings and Maps

* | can use a map and its scale to solve problems about traveling.

Lesson 9 Creating Scale Drawings

* | can determine the scale of a scale drawing when | know lengths on the drawing and
corresponding actual lengths.

+ | know how different scales affect the lengths in the scale drawing.

* When | know the actual measurements, | can create a scale drawing at a given scale:

Lesson 10 Changing Scales in Scale Drawings

+ Given a scale drawing, | can create another scale drawing that shews the samething at a
different scale.

+ | can use a scale drawing to find actual areas.

Lesson 11 Scales without Units
* | can explain the meaning of scales expressed without units.

« | can use scales without units to find scaled distances oractual distances.

Lesson 12 Units in Scale Drawings
* | can tell whether two scales are equivalent

« | can write scales with units as scales without units.

Lesson 13 Draw It to Scale
* | can create a scale drawing of my.classroom.

* When given requirements'on drawing size, | can choose an appropriate scale to represent an
actual object,

Learning Targets ® 95






Introducing Proportional Relationships

Content Connections

In this unit you will work with proportional relationships that are represented in tables, as equations, and
on graphs. You will make connections by:

* Taking Wholes Apart, Putting Parts Together while working with common contexts associated
with proportional relationships such as constant speed, unit pricing, and measurement conversions
including decimals and fractions.

* Discovering Shape and Space while investigating graphs of proportional relationships and the
connections between the graphs, tables and equations that represent the same proportional
relationship.

* Exploring Changing Quantities while exploring and understanding proportional relationships
using fractions, graphs, and tables.

* Reasoning with Data while justifying whether or not a relationship is proportional and
representing proportional and nonproportional relationships in multiple ways.
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Addressing the Standards

As you work your way through Unit 2 Introducing Proportional Relationships, you will use
some mathematical practices that you may have started using in kindergarten and have continued
strengthening over your school career. These practices describe types of thinking or behaviors that you

might use to solve specific math problems.

Mathematical Practices

Where You Use These MPs

MP1 Make sense of problems and persevere in solving
them.

Lessons 7,9, and 15

MP2 Reason abstractly and quantitatively.

Lessons 3,4, 5,6,10,11,and 12

MP3 Construct viable arguments and critique the
reasoning of others.

Lessons 10 and 14

MP4 Model with mathematics.

Lessons 1,7, 11, 14,and 15

MP5 Use appropriate tools strategically.

MP6 Attend to precision.

Lessons 1,4,5,7,8,9, 11,and 13

MP7 Look for and make use of structure.

Lessons 2, 3, 6, 8, 10, 12, and413

MP8 Look for and express regularity in repeated
reasoning.

Lessons 4, 5, 6, and 12

The California Common Core State Standards for Mathematics (CA'CCSSM) describe the topics you will
learn in this unit. Many of these topics build upon knowledge you already have and challenge you to
expand upon that knowledge. The table below shows what standards are being addressed in this unit.

Big Ideas You Are Studying

California Content Standards

Lessons Where You Learn This

* Probability Models

* Proportional Relationships
* Unit Rates'in the World

* Graphing Reélationships

* Scale Drawing

Compute unit rates associated with
ratios of fractions, including ratios of
lengths, areas and other quantities
measured in like or different units. For
example, if a person walks 1/2 mile in
each 1/4 hour, compute the unit rate as
the complex fraction %/% miles per hour,
equivalently 2 miles per hour.

e 2-D and 3-D Connections 7.G.1 Lesson 1
* Scale Drawings Solve'problems involving scale
* Shapes in the World drawings of geometric figures, including
computing actual lengths and areas
from a'scale drawing and reproducing a
scale drawing at a different scale.
* Populations and'Samples 7.RP.1 Lesson 8
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Big Ideas You Are Studying

California Content Standards

Lessons Where You Learn This

* Populations and Samples
* Probability Models

* Proportional Relationships
* Unit Rates in the World

* Graphing Relationships

* Scale Drawing

7.RP.2

Recognize and represent proportional
relationships between quantities.

a. Decide whether two quantities are

in a proportional relationship, e.g., by
testing for equivalent ratios in a table
or graphing on a coordinate plane

and observing whether the graph is a
straight line through the origin.

b. Identify the constant of
proportionality (unit rate) in tables,
graphs, equations, diagrams, and
verbal descriptions of proportional
relationships.

c. Represent proportional relationships
by equations. For example, if total costdt
is proportional to the number n of items
purchased at a constant price p, the
relationship between the total cost'and the
number of items can be expressed as t=
pn.

d. Explain what a point (x, y) on the
graph of a proportional relationship
means in terms of the sitbation, with
special attention,to the points (040) and
(1, r) where r is the unit rate.

Lessons 2,4,5,6,7,8,9,10,12, 13,
14, and 15

* Populations and Samples
* Probability Models

* Proportional Relationships
* Unit Rates in the World

* Graphing Relationships

* Scale Drawing

7.RP.2a

Recognize and represent proportional
relationships betweén quantities.

an Decide whether two quantities are
in a proportional relationship, e.g., by
testing for equivalent ratios in a table
or graphing on a coordinate plane
and observing whether the graphis a
straight line through the origin.

Lessons 3,7,and 10

* Populations and Samples
¢ Probability;Models

* Proportional Relationships
¢ Unit Ratesiinithe World

¢ Graphing Relatienships

* Scale Drawing

7.RP.2b

Recognize and represent proportional
relationships between quantities.

b. Identify the constant of
proportionality (unit rate) in tables,
graphs, equations, diagrams, and
verbal descriptions of proportional
relationships.

Lessons 2, 3, and 11
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Big Ideas You Are Studying

California Content Standards

Lessons Where You Learn This

* Populations and Samples
* Probability Models

* Proportional Relationships
* Unit Rates in the World

* Graphing Relationships

* Scale Drawing

7.RP.2c

Recognize and represent proportional
relationships between quantities.

. Represent proportional relationships
by equations. For example, if total cost t
is proportional to the number n of items
purchased at a constant price p, the
relationship between the total cost and
the number of items can be expressed as
t=pn.

Lessons 4, 6, and 7

* Populations and Samples 7.RP.2d Lesson 11
* Probability Models Recognize and represent proportional
* Proportional Relationships relationships between quantities.
¢ Unit Rates in the World d. Explain what a point (x, y) on the
* Graphing Relationships graph of a proportional relationship
* Scale Drawing means in terms of the situation, with
special attention to the points (0, 0) and
(1, r) where r is the unit rate.
Note: For a full explanation of the California Common Core State Sta s fo thematics (CA CCSSM)

refer to the standards section at the end of this book@

Q\/
R
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Unit 2, Lesson 1
Addressing CA CCSSM 7.G.1; building on 6.RP.1-3; building towards 7.RP.1; practicing MP4 and MP6

One of These Things Is Not Like the Others

Let's remember what equivalent ratios are.

SecA

Remembering Double Number Lines

1. Complete the double number line diagram with the missing numbe

....................... , 0 2 10

1 LI ! ! ! ! ! ! LS
T T T T T T T >

2. What could each of the number lin t? Invent a situation and label the diagram.

Make sure your labels include appropri i measure.
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Mystery Mixtures

Your teacher will show you three mixtures. Two taste the same, and one is different.

1. Which mixture would taste different? Why?

2. Here are the recipes that were used to make the three mixtures:

1 cup of water with 1 cup'of waterwith 2 cups of water with
+ teaspoon of powdered 1% teaspoons of powdered S teaspoon of powdered
drink mix drink mix drink mix

Which of these recipes is for the stronger tasting mixture? Explain how you know.

@ Are you ready for'more?

Salt and sugangive two distinctly different tastes, one salty and the other sweet. In a mixture of
salt and sugar, 4t is‘possible for the mixture to be salty, sweet or both. Will any of these mixtures
taste exactly'the same?

 Mixture A: 2 cups water, 4 teaspoons salt, 0.25 cup sugar
* Mixture B: 1.5 cups water, 3 teaspoons salt, 0.2 cup sugar

««Mixture C: 1 cup water, 2 teaspoons salt, 0.125 cup sugar
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Crescent Moons

Here are four different crescent moon shapes.

'///'/ ol //
/ / / E
/ [ B 3
/ \
\
A N
\ T8l /]
\\
NL L /7 T~
\\\ \\ C
A\

1. What do Moons A, B, and C all have i mmon that Moon D doesn't?

2. Use numberstod , B, and C are different from Moon D.
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a» Lesson 1 Summary

When two different situations can be described by equivalent ratios, that means they are alike in
some important way.

An example is a recipe. If two people make something to eat or

drink, the taste will only be the same as long as the ratios of the water drink mix
ingredients are equivalent. For example, all of the mixtures of (cups) (scoops)
water and drink mix in this table taste the same, because the
ratios of cups of water to scoops of drink mix are all equivalent 3 1
ratios.

12 4

1.5 0.5

If a mixture were not equivalent to these, for example, if the ratio of cups of water to scoops of
drink mix were 6 : 4, then the mixture would taste different.

Notice that the ratios of pairs of corresponding side lengths arelequivalent in Figures A, B, and C.
For example, the ratios of the length of the top side to the length of the left side for Figures A, B,
and C are equivalent ratios. Figures A, B, and C are scaled copies of eachiother.

This is the important way in which they are alike.

3 1.5 4.5 3
118B

N
w
N
w
O

/\

If a figure has corresponding,sides that are not in a ratio equivalent to these, like Figure D, then it's
not a scaled copy. In this unit, yeu will study relationships like these that can be described by a set
of equivalent ratios:
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Practice Problems

1 Which one of these shapes is not like the others? Explain what makes it different by
representing each width and height pair with a ratio.

// \\
yat N <
( ! g
\ \\S
/ N L
( . \ a
\ | " [ J | A ~.
AN A4 N\
/ \
\ i
\
N

2 Inoneversion o mix, there are 3 cups of peanuts mixed with 2 cups of raisins. In

of mix, there are 4.5 cups of peanuts mixed with 3 cups of raisins. Are
the ratios equi he two mixes? Explain your reasoning.
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3 from Unit 1, Lesson 12

For each object, choose an appropriate scale for a drawing that fits on a regular sheet of
paper. Not all of the scales on the list will be used.

Objects Scales
a. Aperson o 1in:1ft
J b. A football field (120 yd by 531 yd) ° lem:1m
. . . ° 1:1,000
c. The state of Washington (about 240 mi by 360 mi)
o 1ft:1 mile

d. The floor plan of a house

e. Arectangular farm (6 mi by 2 mi)

4 from Unit 1, Lesson 11

Which scale is equivalent to 1 cm to 1 km?
A. 1to 1000

B. 10,000to 1

C. 1to 100,000

D. 100,000 to 1

. 1to 1,000,000

plain why these ratios are equivalent.
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Unit 2, Lesson 2

Addressing CA CCSSM 7.RP.2, 7.RP.2b; building on 6.RP.3; building towards 7.RP.2b; practicing MP7

Introducing Proportional Relationships with
Tables

Let’s solve problems involving proportional relationships using tables.

Sec A

Notice and Wonder: Paper Towels by the Case

Here is a table that shows how many rolls of paper towels a store receives when they order
different numbers of cases.

number of cases number of rolls
they order of paper towels

12

36

5 60
.zg ).2
10 120

What do you notice? What.do you wonder?
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Feeding a Crowd

1. Arecipe says that 2 cups of dry rice will serve 6 people. Complete the table as you answer the

questions. Be prepared to explain your reasoning.

a. How many people will
10 cups of rice serve? cups of rice | number of people
2 6
b. How many cups of rice 3 g
are needed to serve 45
10
people?
4

2. Arecipe says that 6 spring rolls will serve 3 p

e. Complete the table.

number of spring r

of people

3

40

28

&
R
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Making Coco Bread

Coco bread is a popular food in Jamaica. To make coco bread, a bakery uses 200 milliliters of
coconut milk for every 360 grams of flour. Some days they bake bigger batches and some days
they bake smaller batches, but they always use the same ratio of coconut milk to flour.

Complete the table as you answer the questions. Be prepared to explain your reasoning.

Sec A

1. How many grams of flour do they use with
500 milliliters of coconut milk?

coconut milk flour
(millimeters) (grams)

200 360
2. How many grams of flour do they use with
235 milliliters of coconut milk? 500
375
3. How many milliliters of coconut milk do 450

they use with 450 grams of flour?

4. What is the proportional relationship
represented by this table?
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@ Quarters and Dimes

4 quarters are equal in value to 10 dimes.
1. How many dimes equal the value of 6 quarters? number of number of
quarters dimes
1
2. How many dimes equal the value of 14 quarters? 4 10
6
3. What value belongs next to the 1 in the table? What does it f

mean in this context?

@ Are you ready for more?

Pennies made before 1982 are 95% copper and weigh.about 3.11 grams each. (Pennies made
after that date are primarily made of zinc). Some people ¢laim that the value of the copper in one
of these pennies is greater than the face value of thegenny. Find out how much copper is worth

right now, and decide if this claimdSitrue.
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a» Lesson 2 Summary

If the ratios between two corresponding quantities are always equivalent, the relationship

between the quantities is called a proportional relationship.

This table shows different amounts of milk and
chocolate syrup. The ingredients in each row,
when mixed together, would make a different
total amount of chocolate milk, but these
mixtures would all taste the same.

Notice that each row in the table shows a ratio
of tablespoons of chocolate syrup to cups of
milk that is equivalentto 4 : 1.

About the relationship between these
quantities, we could say:

tablespoons of | cups of
chocolate syrup milk
4 1
1
6 15
8 2
8 1
2 8
12 3
1
! 1

+ The relationship between the amount of chocolate syrup and the amount of milk

is proportional.

+ The table represents a proportional relationship between the amount of chocolate syrup and

amount of milk.

« The amount of milk is proportional to the.amount of chocolate syrup.

We could multiply any val@ein the chocolate syrup column by % to get the value in the milk
column. We might call % a unit rate, because % cup of milk is needed for 1 tablespoon of
chocolate syrup. We also say that % is the constant of proportionality for this relationship. It

tells us how many cups of milk we would need to mix with 1 tablespoon of chocolate syrup.

Glossary

s» constant of\proportionality

*« proportional relationship
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Practice Problems

1 When Han makes chocolate milk, he mixes
2 cups of milk with 3 tablespoons of
chocolate syrup. Here is a table that shows 2 3
how to make batches of different sizes. Use 4( ) 4
the information in the table to complete the
statements. Some terms are used more 1
than once. 10 15

tablespoons of

cups of milk chocolate syrup

8 12

3
2

a. The table shows a proportional relationship between and

b. The scale factor shown is
c. The constant of proportionality for this relationship is

d. The units for the constant of proportionality are per

Bank of Terms: tablespoons of chocolate syrup, 4, cups of milk, cup of milk, %

2 Acertain shade of pink is created by adding 3'cups of'red paint to 7 cups of white paint.

a. How many cups of red paint should be added to 1 cup of white paint?

cups of white paint | cups of red paint

1

7 3

b. Whatis,the €onstant of proportionality?
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3

4

from Unit 1, Lesson 12

A map of a rectangular park has a length of 4 inches and a width of 6 inches. It uses a scale
of 1 inch for every 30 miles.

a. What is the actual area of the park? Show how you know.

SecA

b. The map needs to be reproduced at a different scale so that it has a
inches and can fit in a brochure. At what scale should the map be
fits on the brochure? Show your reasoning.

n‘area of 6 square
oroduced so that it

from Unit 1, Lesson 6

Noah drew a scaled copy of Polygon P and labele

If the area of Polygon P is 5 square units, what scale oah
apply to Polygon P to create Polygon Q2Explain or show how you
know. Q

are equivalent to each other.
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Unit 2, Lesson 3
Addressing CA CCSSM 7.RP.2a, 7.RP.2b; building on 5.MD.1; practicing MP2 and MP7

More about Constant of Proportionality

Let's solve more problems involving proportional relationships using tables.

@ Math Talk: Division

Find the value of each expression mentally.

* 645+10

+ 645 +100
* 645 +50
+ 64.5+50 V

o v Mlustrative’
112 @ Grade? KH ‘ I \ ‘ Mathematics

LEARN MATH FOR LIFE




Centimeters and Millimeters

There is a proportional relationship between any length measured in centimeters and the sam
length measured in millimeters.

SecA

There are two ways of thinking about this proportional relationship.

1. If the length of something in centimeters is known, its length in mi ers can be calculated.

a. Complete the table.

| th
b. What is the constant of en ength (mm)

proportionality? 9

12.5

50

88.49

2. millimeters is known, its length in centimeters can be calculated.

length (mm) | length (cm)

70

245

699.1
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3. How are these two constants of proportionality related to each other?

4. Complete each sentence:

V 295

a. To convert from centimeters to millimeters, the value in centimeters is multipli
by .

b. To convert from millimeters to centimeters, the value in millimeters is divide ,
or multiplied by .

@ Are you ready for more?

1. How many square millimeters are there in a square centimeter?

2. How do you convert square centimeters t uar limeters? How do you convert the other

=
R
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Pittsburgh to Phoenix

On its way from New York to
San Diego, a plane flew over
Pittsburgh, Saint Louis,
Albuquerque, and Phoenix
traveling at a constant speed.

Sec A

Complete the table as you
answer the questions. Be
prepared to explain your
reasoning.

segment time distance | speed

Pittsburgh to Saint Louis 1 hour 550 miles

Saint Louis to Albuquerque | 1 hour 42 minutes

Albuquerque to Phoenix 330 miles

1. What is the distance between Saint Louis.and Albuquerque?

2. How many minutes did it take to fly'between Albuquerque and Phoenix?

3. Whatiis the proportional relationship represented by this table?

4. Diego says the constant of proportionality is 550. Andre says the constant of proportionality
is 9%. Do you agree with either of them? Explain your reasoning.
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«» Lesson 3 Summary

When something is traveling at a constant speed, there is a proportional relationship between the
time it takes and the distance traveled.

The table shows the distance traveled and
elapsed time for a bug crawling on a sidewalk.

distance traveled (cm) elapsed time (sec)

We can multiply any number in the first column
by % to get the corresponding number in the

NlWw

Y

second column. We can say that the elapsed
time is proportional to the distance traveled, 3

and the constant of proportionality is % This 10 20

means that the bug's pace is % seconds per

Y
N

Y.
w

wWIN

centimeter.

This table represents the same situation,
except the columns are switched.

elapsed time (sec) distance traveled (cm)

We can multiply any number in the first column 1
by % to get the corresponding number in the

second column. We can say that the distance
traveled is proportional to the elapsed time, 2 > 3
and the constant of proportionality is % This 20 > 10

means that the bug's speed is % centimeters 3
per second.

Notice that % is the reciprocal of % When two guantities are in a proportional relationship, there

are two constants of proportionality/and they are always reciprocals of each other. When we
represent a proportional relationship with a table, we say the quantity in the second column is
proportional to the quantity in the first column, and the corresponding constant of proportionality
is the number we multiply values,in the first column by to get the values in the second.
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Practice Problems

1 Noahisrunning a portion of a marathon at a constant speed of 6 miles per hour.

Complete the table to predict how long it

would take him to run different distances at time miles traveled at
that speed, and how far he would runin in hours | 6 miles per hour
different time intervals. <
1 ]
1
2
1
I3
1
I3
9
1
43

2 One kilometer is 1000 meters.

a. Complete the tables. What is the interpretation of the constant of proportionality in
each case?

meters | kilometers

The constant of proportionality tells us

that:

1,000

250

12

1

The constant of proportionality tells us

that:

kilometers | meters
1 1,000
5
20
0.3

b. What is the relationship between the two constants of proportionality?
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Jada and Lin are comparing inches and feet. Jada says that the constant of proportionality is

12. Lin says itis 11—2 Do you agree with either of them? Explain your reasoning.

from Unit 1, Lesson 12

The area of the Mojave desert is 25,000 square miles. A scale drawing of the Mojave desert
has an area of 10 square inches. What is the scale of the map?

from Unit 1, Lesson 11

Which of these scales is equivalent to the scale 1 cm to 5 km2 Select.all that apply.

4

5
A.
B.
C.
D.
E.

6

Which one ofithese pictures
is not like the others?
Explain what makes it
differentiusing ratios.

3cmto 15 km

1T mm to 150 km

5cmto 1 km

5mmto 2.5 km

T mmto 500 m

from Unit 2, Lesson 1

/ N\
[ \
: r~— N
/ AVEIAN
\ \ /
M \ /
\ JI A
N / L
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Unit 2, Lesson 4
Addressing CA CCSSM 7.RP.2, 7.RP.2¢; building on 5.NBT.7; practicing MP2, MP6, and MP8

Proportional Relationships and Equations

Let's write equations describing proportional relationships.

@ Which Three Go Together: Expressions

Which three go together? Why do they go together?

SecB

K
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Feeding a Crowd, Revisited

1. Arecipe says that 2 cups of dry rice will serve 6 people. Complete the table as you answer the
questions. Be prepared to explain your reasoning.

a. How many people will 1 cup of rice
serve? cups of dry rice | number of people
b. How many people will 3 cups of rice 1
serve? 12 cups? 43 cups?
2 6
3
¢. How many people will x cups of rice
serve? 2
43
x

2. Arecipe says that 6 spring rolls will serve 3 pegple. Complete the table as you answer the
questions. Be prepared to explain your reasoning.

a. How many people will 1 spring roll

serve? number of | number of

spring rolls people

b. How many people will 10_spring rolls

serve? 16 spring rolls225 spring rolls? 1
6 3
¢. How many people will.n spring rolls 10
serve?
16
25
n

3. How was completing the table about spring rolls different from completing the table about
rice? How was it the same?
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Denver to Chicago

A plane flew at a constant speed between Denver and Chicago. It took the plane 1.5 hours to fl
915 miles.

o
1. Complete the table.
time (hours) | distan
1
915
2
2.
t
2. How fardo pla

lyin 1 hour?
3. How far wou

anefly in ¢ hours at this speed?

s the distance that the plane flies at this speed for ¢ hours, write an equation
tandd.

ow far would the plane fly in 3 hours at this speed? in 3.5 hours? Explain or show your
easoning.
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Q Are you ready for more?

A rocky planet orbits Proxima Centauri, a star that is about 1.3 parsecs from Earth. This planet is

the closest planet outside of our solar system.

1. How long does it take light from Proxima Centauri to reach Earth? (A parsec is about 3.26 light
years. A light year is the distance light travels in one year.)

2. Imagine there are two twins. One twin leaves Earth on a spaceship and travels t@ a planet
near Proxima Centauri. The spaceship travels at 90% of the speed of light. The othentwin
stays home on Earth. How much does the twin on Earth age while the otheértwintravels,to
Proxima Centauri? (Do you think the answer would be the same for the twin on the
spaceship? Consider researching “The Twin Paradox” to learn more.)

Revisiting Coco Bread

To bake coco bread, a bakery uses 200'milliliters of coconut milk for every 360 grams of
flour. Some days they bake bigger batches and some days they bake smaller batches, but they

always use the same ratio of co€onut milk toflour.

1. Complete the table.

2. Use f torepresentitheigrams of flour needed for
¢ milliliters of coconut milk. Write'an equation that relates
fand c.

3. How much flour is needed for 680 milliliters of coconut
milk?.945 milliliters? Explain or show your reasoning.

122 o Grade7? KH ‘ i\"

coconut milk
(milliliters)

flour
(grams)

100

200

360

450
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a«» Lesson 4 Summary

In this lesson, we wrote equations to represent
proportional relationships described in words
and shown in tables.

This table shows the amount of red paint and
blue paint needed to make a certain shade of
purple paint, called Venusian Sunset.

Note that “parts” can be any unit for volume. If
we mix 3 cups of red with 12 cups of blue, you
will get the same shade as if we mix

3 teaspoons of red with 12 teaspoons of blue.

The last row in the table shows that if we know the amount'of red paint, Fpwe can always multiply
it by 4 to find the amount of blue paint needed to make Venusian Sunset. If b is the amount of
blue paint, we can say this more succinctly with the equation b = 4r. So, the amount of blue paint

red paint | blue paint
(parts) (parts)
3 12
1 4
7 28
T 1
r 4r

is proportional to the amount of red paint, and the constant of proportionality is 4.

We can also look at this relationship the other
way around.

If we know the amount of blue paint, b, we'can
always multiply it by i to find the amount of
red paint, r, needed to make Vénusian Sunset.
So, the equation r = %b alsesrepresents the
relationship. The amount of red paintis
proportional to the amount of blue paint, and
the constant of proportionality %.

In general, when yisproportional to x, we can always multiply x by the same number k—the
constant of propertionality—to get y. We can write this much more succinctly with the equation

Y= kx.

blue paint | red paint
(parts) (parts)
12 3
4 1
28 7
1 :
b +b

Unit2, Lesson4 ® 123
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Practice Problems

1 Aceilingis made up of tiles. Every square meter of the ceiling requires 10.75 tiles. Fill in the

table with the missing values.

square meters of ceiling | number of tiles

100

2 Onaflight from New York to London, an airplane travels at a constant speed. An equation
relating the distance traveled in miles, d, to the number of‘theurs flying, ¢, is f = —L_d. How

long will it take the airplane to travel 800 miles?

500

3 Eachtable represents a proportionakrelationship. For each, find the constant of

proportionality, and writean equation that#epresents the relationship.

s P
2 8
3 12
5 20
10 40

Constant of proportionality:

Equation: P =

124 o Grade?7

6.28

9.42

15.7

10

31.4

Constant of proportionality:

Equation: C =

d v lllustrative’
B )\ '/ Mathematics
LEARN MATH FOR LIFE



4 from Unit 1, Lesson 11

A map of Colorado says that the scale is 1 inch to 20 miles or 1 to 1,267,200. Are these two
ways of reporting the scale the same? Explain your reasoning.

5 from Unit 1, Lesson 3

Here is a polygon on a grid.

SecB

of the polygon using a scale factor 3. Label the copy A.

opy of the polygon with a scale factor % Label it B.

a scaled copy of Polygon B? If so, what is the scale factor that takes B to A?
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Unit 2, Lesson 5
Addressing CA CCSSM 7.RP.2; building on 5.0A.3; practicing MP2, MP6, and MP8

Two Equations for Each Relationship

Let’s investigate equations that represent proportional relationships.

@ Which Three Go Together: Tiles

Which three go together? Why do they go together?
A B

o D

QV(O
§\
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Meters and Centimeters

There are 100 centimeters (cm) in every meter (m).

length (m) | length (cm) length (cm) | length (m)
1 100 100 1
0.94 250
1.67 782 f
57.24 123.9
X y
1. Complete the tables.

2. For each table, find the constant of proportionality.
3. Describe the relationship between thesetwo constants of proportionality.

4. For each table, write an equationfor the proportional relationship. Let x represent a length
measured in meters and y represent the same length measured in centimeters.

? Are'you ready for more?

1. How many. cubic centimeters are there in 1 cubic meter?

2., How do you convert cubic centimeters to cubic meters?

3. How do you convert the other way?
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Filling a Water Cooler

It took Priya 5 minutes to fill a cooler with 8 gallons of water from a faucet that was flowing at a
steady rate. Let w be the number of gallons of water in the cooler after  minutes.

1.

Which of the following equations represent the relationship between w and #? Select all that
apply.

A w=1.6t

B. w = 0.625¢

C. t=16w

D. t=0.625w

What does 1.6 tell you about the situation?

3. What does 0.625 tell you about the situation?

4. Priya changed the rate at which water flowed through the faucet. Write an equation that

represents the relationship‘of wwand r whenit takes 3 minutes to fill the cooler with 1 gallon
of water.

5. Was the cooler.filling fasterbefore or after Priya changed the rate of water flow? Explain how

you know.
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Feeding Shrimp

At an aquarium, a shrimp is fed % gram of food each feeding and is fed 3 times each day.
1.

How much food does a shrimp get fed in 1 day?

2. Complete the table to show how many grams of food the shrimp is fed ovendifferent
numbers of days.

number of days | grams of food

SecB

1

7

30

3. What is the constant of proportionality? What@oes it tell us about the situation?

4.,

If the columns in the table'were switched, what would be the constant of proportionality?
Explain your reasoning

5. Use d for ndmber ofidays and f for amount of food in grams that a shrimp is fed to write two
equations that represent the relationship between d and f.

6. At this rate, how much food does a shrimp get fed in 75 days?

7.5 At this rate, how many days would 75 grams of shrimp food last? Explain or show your
reasoning.
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« Lesson5 Summary

If Kiran rode his bike at a constant 10 miles per hour, his distance in miles, d, is proportional to the
number of hours, 7, that he rode. We can write the equation

d=10¢
to represent the proportional relationship. With this equation, it is easy to find the distance Kiran
rode when we know how long it took, because we can just multiply the time by 10.

We can rewrite the equation:

-(5)°

This version of the equation tells us that the amount of time Kiran#rode is proportional to the
distance he traveled, and the constant of proportionality is %. That form of the equation is easier

to use when we know his distance and want to find how long it toek, because we can just multiply
the distance by %.

When two quantities x and y are in a proportionalsfelationship, we can write the equation
y& kx
and say, “y is proportional to x.” In this case, the number k isthe corresponding constant of

proportionality. We can also write the equation

1
X =—
ky

and say, “x is proportional to y."dnthis\case, the aumber 1

k
proportionality. Each equatioh can be/useful, depending on the information we have and the

quantity we are trying to figure outs

is the corresponding constant of
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Practice Problems

1 Thetable represents the relationship between a length measured in meters and the same
length measured in kilometers.

a. Complete the table.

b. Write an equation for converting the meters | kilometers
number of meters to kilometers. Use x
for the number of meters and y for the 1,000 !
number of kilometers. 3,500
500 @
A
75
1
X

2 Concrete building blocks weigh 28 gounds gach. Using b for the number of concrete blocks
and w for the weight, write two equations that relate the two variables. One equation
should begin with w = and the other should begin with b =.

3 Astore sells rope hy.the meter. The equation p = 0.8 L represents the price, p, in dollars of
a piece ofinylon rope that is L meters long.

a. How.much does the nylon rope cost per meter?

b. How long is a piece of nylon rope that costs $1.00?
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4 from Unit 2, Lesson 4

The table represents a proportional relationship. Find the constant of proportionality and
write an equation to represent the relationship.

a | v
2 | 3
3| 1
10 | 2
12 | 4

Constant of proportionality:

Equation: y =

5 from Unit 1, Lesson 8

nts 100 m. Select all statements that express the same

On a map of Chicago, 1 cm repr.

scale.
icago.
B ents 10 m in Chicago.
C ed by 10 cm on the map
D. 100 is represented by 1 m on the map.
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Unit 2, Lesson 6
Addressing CA CCSSM 7.RP.2, 7.RP.2¢; building on 5.NBT.7, 6.RP.2; practicing MP2, MP7, and MP8

Writing Equations to Represent
Relationships

Let's use equations to solve problems involving proportional relationships.

@ Math Talk: Products with Decimal Points

SecB

Find the value of each expression mentally.

. 32.(1.5)

« 32.(0.15)

+ 3,200 - (0.15) @

+ 3,200 - (0.03)

Q\/
K
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Bottle Deposits

Answer the following questions. Be prepared to explain your reasoning.

In lowa, collection centers pay 5¢ per bottle that is returned.

1.
How much would 30 bottles be worth?

How much would 250 bottles be worth?

g29S

How much would 860 bottles be worth?

How many bottles would it take to earn $100?

How many bottles would it take to earn $
amount of money received when

3. Write an equation that relates the number o
nt?

the bottles are returned. What do your variable

lllustrative’
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Recycling

Aluminum cans can be recycled instead of being thrown in the garbage. The weight of 10
aluminum cans is 0.16 kilograms. The aluminum in 10 cans that are recycled has a value of $0.14.

1. Afamily threw away 2.4 kg of aluminum cans in a month.

a. How many cans did they throw away? Explain or show your reasoning.

SecB

b. What would be the dollar value if they recycled those same cans? Explain or show your
reasoning.

2. Write an equation to represent the relationship between each pair of quantities:

a. the number of cans ¢ and their weight t, in kilograms
b. the number of cansse.and their recycled value r, in dollars

c. the weightof cans w and their recycled value r

@ Are you ready for more?

The U.SCEnvironmental Protection Agency (EPA) estimates that in 2018, the average amount of

garbage produced in the United States was 4.9 pounds per person per day. At that rate, how long
would it take your family to produce a ton of garbage? (A ton is 2,000 pounds.
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«» Lesson 6 Summary

Remember that if there is a proportional relationship between two quantities, their relationship
can be represented by an equation of the form y = kx. Sometimes writing an equation is the
easiest way to solve a problem.

For example, we know that Denali, the highest mountain peak in North America, is 20,310 feet
above sea level. How many miles is that? There are 5,280 feet in 1 mile. This relationship can be
represented by the equation

f =5,280m

where f represents a distance measured in feet and m represents the same distance measured in
miles. Since we know Denali is 20,310 feet above sea level, we can write

20,310 = 5,280m

20,310

<350 ~ 3.85, so we can saythat Denaliis,approximately

Solving this equation for m gives m =

3.85 miles above sea level.
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Practice Problems

1 Acaristraveling on a highway at a constant speed, described by the equation d = 657,

where d represents the distance, in miles, that the car travels at this speed in ¢ hours.
a. What does the 65 tell us in this situation?

b. How many miles does the car travel in 1.5 hours?

c. How long does it take the car to travel 26 miles at this speed?

SecB

2

Elena has some bottles of water that each holds 17 fluid ounces.

a. Write an equation that relates thefmumber of bottles of water (b) to the total volume of
water (w) in fluid ounces.

b. How much water isin 51 bottles?

c. How manybottles'does it take to hold 51 fluid ounces of water?

3

from Unit2, Lesson 5

There-are about 1.61 kilometers in 1 mile. Use x to represent a distance measured in
kilometers and y to represent the same distance measured in miles. Write two equations
that relate a distance measured in kilometers and the same distance measured in miles.
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4  from Unit 2, Lesson 2

In Canadian coins, 16 quarters is equal in value to 2 toonies.

a. Complete the table.

b. What does the value in number of quarters | number of toonies

the right column that is
next to 1in the left

1

column mean in this 16 2
Situation?

20

24

5 from Unit 2, Lesson 2

Each table represents a proportional relationship. For each table:

a. Fillin the unknown values.

b. Draw a circle around the constant of pfoportionality.

X y a b m n
2 10 12 3 5 3
15 20 10
7 10 18

1 1 1

6 from Unit 1, Lesson 4

Describe some things you could observe about two polygons that would help you decide
that they were not scaled copies.
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Unit 2, Lesson 7
Addressing CA CCSSM 7.RP.2, 7.RP.2a, 7.RP.2¢; building on 6.RP.3; building towards 7.RP.1;

practicing MP1, MP4, and MP6

Comparing Relationships with Tables

Let's explore how proportional relationships are different from other relationships.

Adjusting a Recipe

A lemonade recipe calls for the juice of 5 lemons, 2 cups of water, and 2 tablespoons of honey.

Invent four new versions of this lemonade recipe:

1. One that would make more lemonade but taste the same as the originalfrecipe.

Sec C

2. One that would make less lemonadedut taste the same as the original recipe.

3. One that would have a stronger lemon taste than the original recipe.

4. One that would-have a weaker lemon taste than the original recipe.
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Visiting the State Park

Entrance to a state park costs $6 per vehicle, plus $2 per person in the vehicle.
How much would it cost for a car with 2 people to enter the park? 4 people? 10 people?

1.
Record your answers in the table.

total entrance cost

number of
in dollars

people in vehicle

2

4

10

2. Foreach row in the table, if each person in the vehicle splits the entrance cost equally, how

BREN

much will each person pay?

3. How might you determine the entrance cost for a bus with 50 people?

Is the relationship between the aumber of people and the total entrance cost a proportional

4,
relationship? Explaimshow you know.

9 Are youready for more?
What equation could you use to find the total entrance cost for a vehicle with any number of

people?

lllustrative’
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Han and Clare were running laps around the track. The coach recorded their times at the end of

laps 2, 4, 6, and 8.

Running Laps

Han's run:
distance (laps) | time (minutes) | pace (minutes per lap)
2 4
4 9
6 15
8 23 U
Clare's run:
distance (laps) | time (minutes) | pace (minutes per lap)
2 5
4 10
6 15
8 20

1. Is Han running at a constant pace? Is Clare? How do you know?

2. Write-anrequation for the relationship between distance and time for anyone who is running
at a constant pace.
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«» Lesson7 Summary

Here are the prices for some smoothies at two different smoothie shops:

Smoothie Shop A Smoothie Shop B

smoothie | price dollars smoothie | price dollars
size (fl 0z) (%) per ounce size (floz) | (%) per ounce
8 6 0.75 8 6 0.75
12 9 0.75 12 8 0.67
16 12 0.75 16 10 0.625
s 0.75s 0.75 s m 72

For Smoothie Shop A, smoothies cost $0.75 per ounce no matter which size we buy. There could
be a proportional relationship between smoothie size and the price of the smoothie. An equation
representing this relationship is

p =0.75s
, Where s represents size in ounces and p represents pricé in dollars. (The relationship could still
not be proportional, if there were a different size.on the menudhat did not have the same price
per ounce.)

For Smoothie Shop B, the cost per ounce,is different for'each size. Here the relationship between
smoothie size and price is definitely not proportional.

In general, two quantities in agroportional relationship will always have the same quotient. When
we see some values for two related guantities in a table and we get the same quotient when we
divide them, that means'they might be in a proportional relationship—but if we can't see all of the
possible pairs, we can't be completely,sure. However, if we know the relationship can be
represented by an equation ofithe form y = kx, then we are sure it is proportional.

142 o Grade?7
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Practice Problems

1 Decide whether each table could represent a proportional relationship. If the relationship
could be proportional, what would the constant of proportionality be?

a. How loud a sound is

distance from sound
listener (ft) level (dB)

5 85

25 79

35 73

40 67 O

b. The cost of fountain drinks at g Hu
volume | cost

(fl 02) (%)
16 1.49
20 1.59
30 1.89
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2 Ataxiservice charges $1.00 for the first % mile then $0.10 for each additional 1—10 mile after

that.
Fill in the table with the missing information
then determine if this relationship between distance traveled (mi) | price ($)
distance traveled and price of the trip is a
proportional relationship. 19—0
2
1
316
10

BREN

3 Arabbitand turtle are in a race. Is the relationsShip between distance traveled and time
proportional for either one? If so, write an equation‘that represents the relationship.

Turtle’s run: Rabbit’s run:
distance (meters)<] time (minutes) distance (meters) | time (minutes)
108 2 800 1
405 7.5 900 5
540 10 1,107.5 20
1,768.5 32.75 1,524 32.5
d v lllustrative’
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4 from Unit 2, Lesson 2

For each table, answer: What is the constant of proportionality?

a b a b a b a b
2 14 3 360 75

5 35 5 600 200

9 63 8 960 1525

1 7

3 3 12 1440 10

Sec C

B  from Unit 1, Lesson 4

rectangular field of grass looking at the
t if the field were twice as long and twice as wide,
e far corner. Mai says that it would be more than
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BREN

Unit 2, Lesson 8
Addressing CA CCSSM 7.RP.1, 7.RP.2; building on 4.0A.5, 6.EE.2; building towards 7.G.6;

practicing MP6 and MP7

Comparing Relationships with Equations

Let's develop methods for deciding if a relationship is proportional.

@ Notice and Wonder: Patterns with Rectangl

What do you notice? What do you wonder?

S

i v Mlustrative’
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More Conversions

The other day you worked with converting meters, centimeters, and millimeters. Here are som
more unit conversions.

1. Use the equation F = %C + 32, where F represents degrees Fahrenheitand C'r
degrees Celsius, to complete the table.

temperature (°C) | temperature (°F)

20

4

175

Sec C

2.

Use the equation ¢ = 2.54n, where cr

esents the length in centimeters and n represents
the length in inches, to complete t .
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your reasoning.

1.

BREN

2. What is the surface area of

(7

How long is the total edge length of each cube?

@ Total Edge Length, Surface Area, and Volume

Here are some cubes with different side lengths. Complete each table. Be prepared to explain

9
side total
length | edge length
3
5
1
93

148 o Grade7
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3. What is the volume of each cube?

side

volume
length

9

N —

4. Which of these relationships is proportional? Explain how you

Sec C

5. Write equations for the total edge length
with side length s.

total surfac A, and volume V of a cube

@ Are you ready for more?

1. Arectangular solic

with side length #, height 8, and volume V. Is the
relationship betw

d V' a proportional relationship?

2. Adi t rectangu
relat

solid has length #, width 10, height 5, and volume V. Is the
en  and V a proportional relationship?

y is the relationship between the side length and the volume proportional in one situation
nd not the other?
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All Kinds of Equations

Here are six different equations.

y=4+x y=4x y= %
X — AX

Y=z y=4 y=x

2

(@]

enta ortional relationship.

Predict which of these equations re

equation that represents the relationship.

2. Complete each ta
er to the first question? Explain your reasoning.

Do these results ch

e equations of the proportional relationships have in common?

lllustrative’
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&, Lesson 8 Summary

If two quantities are in a proportional relationship, then their quotient is always the same. This
table represents different values of a and b, two quantities that are in a proportional relationship.

a b %
20 100 5
3 15 5

11 55 5

Sec C

value is the constant of proportionality, which we often ref
relationship with the equation % = k (as lon

. We can represent this
xisnot0)ory = kx.

Note that if an equation cannot be writt
relationship.

rm, then it does not represent a proportional
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Practice Problems

1 The relationship between a distance in yards (y) and the same distance in miles (m) is

described by the equation y = 1,760m.
a. Find measurements in yards and miles for distances by completing the table.

distance measured in miles | distance measured in yards

3,520

17,600

b. Isthere a proportional relationship between a measurement in yards and a
measurement in miles for the same distance? Explain why or why not.

BREN

2 Decide whether or not each equation representsia groportional relationship.

a. The remaining length (L) of 120-inch ropetafter x inches have been cut

off: 120 —x = L

The total cost (f) after 8%,sales tax is added to an item's price (p): 1.08p = ¢

The number of marbles each sister gets (x) when m marbles are shared equally among

C.
m

four sisters: x = 2

The volume (V) of a rectangular prism whose height is 12 cm and base is a square with

side lengths s cm: V' = 1252

lllustrative’
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3 a. Usethe equationy = %x to complete the table.

Is y proportional to x? Explain why or why not.

b. Use the equation y = 3.2x + 5 to complete the table.
Is y proportional to x? Explain why or why not.

N
Sec C

4 from Unit 2, Lesson 6

To transmit information on the internet, large files are broken into packets of smaller sizes.
Each packet has 1,500 bytes, of information. An equation relating packets to bytes of
information is given by.b = 1,500p, where p represents the number of packets and b
represents the number of bytes ofdnformation.

a. How manypackets would be needed to transmit 30,000 bytes of information?

b. Hew much information could be transmitted in 30,000 packets?

¢. Each byte contains 8 bits of information. Write an equation to represent the
relationship between the number of packets and the number of bits.
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Unit 2, Lesson 9
Addressing CA CCSSM 7.RP.2; practicing MP1 and MP6

Solving Problems about Proportional
Relationships

Let’s solve problems about proportional relationships.

@ What Do You Want to Know?

A person is running a distance race at a constant rate. What time will they

What specific information do you need to be able to solve the prob

QV(O
§\
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Info Gap: Biking and Rain

Your teacher will give you either a problem card or a data card. Do not show or read your cardito

your partner.
If your teacher gives you the problem card:

1. Silently read your card and think about
what information you need to answer the
question.

2. Askyour partner for the specific
information that you need. “Can you tell
me 2"

3. Explain to your partner how you are using
the information to solve the problem. “I
need to know ____ because....”" Continue
to ask questions until you have enough
information to solve the problem.

4. Once you have enough information, share
the problem card with your partner,and
solve the problem independently.

5. Read the data card, and diseuss your
reasoning.

If your teacher gives you the data card:

1.

Silently read your card. Wait faryour
partner to ask for information.

Before telling your partnenany
information, ask, “Why:do you,need to
know 27

Listen to your\partner'sseasoning and ask
clarifying questionszOnly give information
that is on yourscard. Do not figure out
anything for your partner! These steps
may be repeated.

Once your partner says they have enough
information to solve the problem, read the
problem card, and solve the problem
independently.

Share the data card, and discuss your
reasoning.

Unit2, Lesson9 ® 155
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BREN

Moderating Comments

A company is hiring people to read through all the comments posted on their website to make
sure they are appropriate. Four people applied for the job and were given one day to show how
quickly they could check comments.

Person 1 worked for 210 minutes and checked a total of 50,000 comments.
Person 2 worked for 200 minutes and checked 1,325 comments every 5 minutes.

Person 3 worked for 120 minutes, at a rate represented by ¢ = 331¢,
where c is the number of comments checked and ¢ is the time in minutes.

Person 4 worked for 150 minutes, at a rate represented by 1 = (8%) C.

. Order the people from greatest to least in terms of total number of comments checked.

Order the people from greatest to least in terms of how fast they checked the comments.

Are you ready for more?

. Write equations for‘each job:applicant that allow you to easily decide who is working the

fastest.

Make a table that allows you to easily compare how many comments the four job
applicants can check.

® v Mlustrative’
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«» Lesson 9 Summary

Whenever we have a situation involving constant rates, we are likely to have a proportional
relationship between quantities of interest.

+ When a bird is flying at a constant speed, then there is a proportional relationship between
the flying time and distance flown.

+ If water is filling a tub at a constant rate, then there is a proportional relationship between
the amount of water in the tub and the time the tub has been filling up.

+ If an aardvark is eating termites at a constant rate, then there is a proportional relationship
between the number of termites the aardvark has eaten and the time sinceitistarted eating.

Sometimes we are presented with a situation, and it is not so clear whether a‘proportional
relationship is a good model. How can we decide if a proportional relationship is a good
representation of a particular situation?

+ If you aren’t sure where to start, look at the quotients®©f corresponding values. If they are not
always the same, then the relationship is definitely not a proportional relationship.

Sec C

+ Ifyou can see that there is a single value that we always multiply one quantity by to get the
other quantity, it is definitely a proportional relationship.

After establishing that it is a proportional relationship, setting up an equation is often the most
efficient way to solve problems related to‘the situation.
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Practice Problems

For each situation, explain whether you think the relationship is proportional or not. Explain

1

your reasoning.
a. The weight of a stack of standard 8.5x11 copy paper vs.

the number of sheets of paper.

b. The weight of a stack of different-sized books vs. the

number of books in the stack.

BREN

eries in a proportional relationship? If so,

Every package of a certain toy also includes 2
lity? If not, explain your reasoning.

2

a. Are the number of toys an
what are the two con

oys and b for the number of batteries to write two equations

ber

b. Uset forth
iable
1 =

relating the t
b=

lllustrative’
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3

4

Lin and her brother were born on the same date in different years. Lin was 5 years old
when her brother was 2.

a. Find their ages in different years by filling in the table.

b. Is there a proportional relationship between Lin's age Lin's | her brother's
and her brother’s age? Explain your reasoning. age age
5 2
6
15
25

Sec C

from Unit 2, Lesson 8

A student argues that y = % does not represent a proportional relationship between x and

y because we need to multiply one variable by a constant to get the other one, not divide by
a constant. Do you agree or disagreg/with this student?

from Unit 1, Lesson 3

Quadrilateral A'has side lengths 3, 4, 5, and 6. Quadrilateral B is a scaled copy of
Quadrilateral A with @ scale factor of 2. Select all of the following that are side lengths of
Quadrilateral B.

Al 5

B. 6
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Unit 2, Lesson 10
Addressing CA CCSSM 7.RP.2, 7.RP.2a; building on 5.G.1, 6.NS.8; building towards 7.RP.2a;

practicing MP2, MP3, and MP7

Introducing Graphs of Proportional
Relationships

Let's see how graphs of proportional relationships differ from graphs of other relationshi

@ Notice These Points

1. Plot the points (0, 10), (1, 8), (2,6), (3,4), (4,2).
VA

N W R U ) I 00 O D

<Y

2. Whatdo y@iiapm
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T-shirts for Sale

Some T-shirts cost $8 each.

x |
1 8
2 | 16
3 | 24
4 | 32
5 | 40
6 | 48

1. Use the table to answer these questions.

a. What does x represent?

Sec D

b. What does y represent?

c. Isthere a proportional relationship b x and y?
2. Plot the pairsin @ the coordinate
plane. 50
40
30
20
10

hat do you notice about the graph?
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Card Sort: Tables and Graphs

Your teacher will give you a set of cards that show representations of relationships.

Sort the cards into categories of your choosing. Be prepared to describe your categories

1.
Pause for a whole-class discussion.

2. Take turns with your partner to match a table with a graph.
a. For each match that you find, explain to your partner how you know it's a match.

b. For each match that your partner finds, listen carefully to their explanation. If.you

disagree, discuss your thinking and work to reach an agreement.

3. Which of the relationships are proportional?

4. What do you notice about the graphs of proportional relationships? D@ you think this will

hold true for all graphs of proportional relationships?

a»oss

9 Are you ready for more?
All the graphs in this activity show points where both coordinates are positive. Would it make

1.
sense for any of thef to have'one or more coordinates that are negative?

2. The equation of a proportional relationship is of the form y = kx, where k is a positive
number, and the graph is a line through (0, 0). What would the graph look like if kK were a

negative number?

lllustrative’
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a, Lesson 10 Summary

One way to represent a proportional relationship is with a graph. Here is a graph that represents
different amounts that fit the situation, “Blueberries cost $6 per pound.”

A
40
7

v 30 (4.5,27)
= »
°
©
£ 20 B8~
=
(V2]
S 212~

10 1.6) 4

pd
@ 1 2 3 4 5

weight in pounds

Different points on the graph tell us, for example, that 2 pounds of blueberries cost $12, and 4.5
pounds of blueberries cost $27.

Sec D

Sometimes it makes sense to connect the'peints with adine, and sometimes it doesn’t. We could
buy, for example, 4.5 pounds of blueberries or:1.875/pounds of blueberries, so all the points in
between the whole numbers make sense in the'situation, so any point on the line is meaningful.

If the graph represented the cost fordifferent numbers of sandwiches (instead of pounds of
blueberries), it might not'make sense toiconnect the points with a line, because it is often not
possible to buy 4.5 sandwiches or 1.875 sandwiches. Even if only points make sense in the

situation, though,.sometimes we connect them with a line anyway to make the relationship easier
to see.

Graphs that represent proportional relationships all have a few things in common:

+ Points that'satisfy the relationship lie on a straight line.

= The line that they lie on passes through the origin, (0, 0).
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Here are some graphs that do not represent proportional relationships:

A A
6 6
5 +—2 5
[ ]
4 4
3 3
2 2
1 1
O 1 2 3 a4 5 6 7 o 1 2 3
These points do not lie on a line. This is a line, but it does
origin.
Glossary
* origin

anoss
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Practice Problems

1 Which graphs could represent a proportional relationship?

A B
y A y /
//
5 A
//
/’
@ 5 10 X
C D
y
5
@ 5 10 X
E F
y y R
g
5 5
O : > 10)
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2 Alemonade recipe calls for % cup of lemon juice for every 1 cup of water.

a. Use the table to answer these questions.

i. What does x represent? X y

T3

ii. What does y represent? 5 1
2

S

iii. Isthere a proportional relationship between x and y? 4 ;

b. Plot the pairs in the table in a coordinate plane.

3 from Unit 2, Lesson 9

Select all the pieces of information that wouldtell you x and y have a proportional
relationship. Let y represent the distance.ift meters between a rock and a turtle's current
position and x represent the time in minutes,the turtle has been moving.

A. y=3x

B. After 4 minutes, the turtle has'walked 12feet away from the rock.

C. The turtle walks for'a bit, then stopsfor a minute before walking again.
D. The turtle walks away from the rock at a constant rate.

E. The turtle starts outwalking slowly and speeds up as it gets farther away from the rock.

® v Mlustrative’
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4

from Unit 2, Lesson 7

Decide whether each table could represent a proportional relationship. If the relationship
could be proportional, what would be the constant of proportionality?

a. The sizes a photo can be printed

width of photo (inches) | height of photo (inches)
2 3
4 6
5
8
b. The distance from which a lighthouse is visibl

height of a lighthouse (feet) | dis n be seen (miles)
20 6 %
45 9
70 11
13
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Unit 2, Lesson 11
Addressing CA CCSSM 7.RP.2b, 7.RP.2d; practicing MP2, MP4, and MP6

Interpreting Graphs of Proportional
Relationships

Let's read stories from the graphs of proportional relationships.

m What Could the Graph Represent?

Here is a graph that represents a proportional relationship.

20
18

16 7

a 95
=
AN

12
10

I

.

4 6 8 10 12 14 16 18 20

Invent a situation that could b resented by this graph.

e is a point on the graph. What does it represent in your situation?

o v Mlustrative’
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Tyler's Walk

Tyler was at the amusement park. He walked at a steady pace from the ticket booth to the bumper
cars.

1. The point on the graph shows his w A
arrival at the bumper cars. What < 60
do the coordinates of the point 1S (40, 50)
tell us about the situation? < v
8
2 40
]
V4
O
o 30
r=
£ 2
ftd
3
c 10
Q]
2. The table representing Tyler's @
walk shows other values of time & 3 >
and distance. Complete the table. 1020 ‘?’O 40 5060 e
Next, plot the pairs of values on elapsed time (seconds) &
the grid.
3. What does the point (0, 0) mean time distance
in this situation? (seconds) | (meters)
0 0
20 25
4. How far away fromithe ticket 30 37.5
boothwwas Tyler after 1 second? 40 50
Labelthe point,on the graph that
shows this,information with its 1
coordinates.

5. What is the constant of
proportionality for the
relationship between time and
distance? What does it tell you
about Tyler's walk? Where do you
see it in the graph?
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9 Are you ready for more?

If Tyler wanted to get to the bumper cars in half the time, how would the graph representing his
walk change? How would the table change? What about the constant of proportionality?

Seagulls Eat What?

4 seagulls ate 10 pounds of garbage. Assume this information descri
relationship.

1. Plot a point that shows the number of seagulls and the amount of garbage they ate.
2. Use a straightedge to draw a line through this point and (0,

3. Plot the point (1, k) on the line. What is the val f k? What does the value of k tell you
about this context?

11
10
%0 9
o 87
S ]
50 7
G
o
(Vp]
e
c
5
o)
3
1

O 1 2 3 4 5 6 7 8 9 1011 12 13 14
number of seagulls
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a, Lesson 11 Summary

For the relationship represented in this table, y is proportional
to x. We can see in this table that % is the constant of
proportionality because it's the y value when x is 1.

The equation y = %x also represents this relationship.

Here is the graph of this relationship.

A

N
D

(Q
%I
4

/
/

N Wk U O NN 0 O O

g

O 1 243 45 6 708 9 10

)

N6

—_

>
>

x |y
4 | 5
8 | 10
A

If y represents the distance in
feetthat a snail crawls in x
minutes, then the point (4, 5)
tells us that the snail can crawl
5 feet in 4 minutes.

If y represents the cups of
yogurt and x represents the
teaspoons of cinnamon in a
recipe for fruit dip, then the
point (4, 5) tells us that you
can mix 4 teaspoons of
cinnamon with 5 cups of
yogurt to make this fruit dip.

Sec D

We can find the caonstant.ofproportionality by looking at the graph: % is the y-coordinate of the

point on the graph where the.x-coordinate is 1. This could mean the snail is traveling % feet per

minute or that the'recipecalls for 1% cups of yogurt for every teaspoon of cinnamon.

In general, whenyiis proportional to x, the corresponding constant of proportionality is the

yvalue whenx= 1.
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Practice Problems

1 Thereisa proportional relationship between the number of months a person has had a
streaming movie subscription and the total amount of money they have paid for the
subscription. The cost for 6 months is $47.94. The point (6,47.94) is shown on this graph:

180

160

140

120

100

80

cost (dollars)

60

(6,4[7.94)

40

20

Y

o' 2 4 6 16 18 20 22

a. What s the constan orti [ this relationship?

b. What does t tan roportionality tell us about the situation?

. Add at | three more points to the graph and label them with their coordinates.

quation that represents the relationship between C, the total cost of the
n, and m, the number of months.

crip
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2 The graph shows the amounts of almonds,

in grams, for different amounts of oats, in A /
/
cups, in a granola mix. Label the point (1, k) 110
on the graph, find the value of k, and 100
explain its meaning. 0
(%]
= 80
g 70
w60
©
S 50
(_Ets 40 //
30 /
20 /
/
10
2 3 4 5
ats (cups)
3  from Unit2, Lesson 9 o
9
To make a friendship bracelet, so ings are lined up. One string is taken and tied .

in a knot with each of the other stri
knotted with all the other strings to cre
there are enough rows t

cond row. This process is repeated until
ke a bracelet to fit around a friend's wrist.

Are the number of o the number of rows? Explain your reasoning.

n do you need to know to write an equation relating two quantities that
ortional relationship?
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Unit 2, Lesson 12
Addressing CA CCSSM 7.RP.2; building towards 7.RP.1; practicing MP2, MP7, and MP8

Using Graphs to Compare Relationships

Let's graph more than one relationship on the same grid.

@ Math Talk: More Division

Find the value of each expression mentally.

v
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174 e Grade7 KH ‘ I \ ‘ Mathematics

LEARN MATH FOR LIFE




Race to the Bumper Cars

Diego, Lin, and Mai went from the ticket booth to the bumper cars.
1.

Use each description to complete the table representing that person'’s journey.

a. Diego left the ticket booth at the same time as Tyler. Diego jogged ahead at a steady pace
and reached the bumper cars in 30 seconds.
b. Lin left the ticket booth at the same time as Tyler. She ran at@ steady pace and arrived at
the bumper cars in 20 seconds.

c. Mai left the booth 10 seconds later than Tyler. Her steady jog enabled her to catch up
with Tyler just as he arrived at the bumper cars.

()

Diego's Diego's Lin's Lin's Mai’s Mai’s

time distance time distance time distance

(seconds) | (meters) (seconds) | (meters) (seconds) | (meters)
0 0 10

15 25 25
30 50 20 50 40 50

1 1 1
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2. Using a different color for each person, draw a graph of all four people’s journeys (including
Tyler's from the other day).

A

distance from the ticket booth (meters)

S}
o

20 30 40 50 60
elapsed time (seco

3. Which person is moving the most qucky'?%atrefected in the graph?
9 Are you ready for more?

Write equations to represent th ions etween time and distance for each person.

® v Mlustrative’
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Space Rocks and the Price of Rope

1. Meteoroid Perseid 245 and Asteroid x travel through the solar system. The graph shows t
distance each traveled after a given point in time.

asteroid

Perseid 245

distance

time

Is Asteroid x traveling faster or slower t Perseid 2457 Explain how you know.

Sec D

2. The graph shows t fdi engths of two types of rope.
If you buy $1.00 of each kind of rope, which one will be
A longer? Explain how you know.
cott
— nylon
)
0
Is}
©

ri

Y

length (meters)
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a«~ Lesson 12 Summary

Here is a graph that shows the price of blueberries at two different stores. Which store has a
better price?

A We can compare points that
40
7 have the same x value or the
same y value. For example,
- the points (2,12) an
0
v 30 (4.5,27) P ’
L 4 o
e B
©
£ 20 3,18}~
+
] (AlE 19\
S > 10l ~ T 19)
\[&r &)
07 a7 3:12)
\ A
710, 4)
> f bl rries. Thi
O 1 ;) 3 j : blueberries. This
o re B has the better
weight in pounds
We can also use the graphs to compare the consta f proportionality. The line representing

Store B goes through the point (1,4), so the con
Store B the blueberries cost $4 per pound. This
Store A.
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Practice Problems

1 The following graphs show some information about boxes of crayons at a store. One of the
graphs shows cost in dollars vs. number of crayons in the box, and one of the graphs shows
weight in ounces vs. number of crayons in the box.

vs. number of crayons vs. number of.crayons
A A
10 (96, 8.5) 25
o 96,19.2
g ° 20 ( ] )
6 .« 15 s
4
4 (2 1,.3.5) 10 o
(24,4.8)
2 5 S
O" 10 20 30 40 50 60 70 80 90 100 Q710 20 30 40m50 60 70 80 90 100
number of crayons namber of crayons

a. Which graph is which? Give them the correct titles.

b. Which quantities appear to be in aproportional relationship? Explain how you know.

Sec D

c. For the proportional relationship, find thé constant of proportionality. What does that
number mean?

2 Lin and Andre biked home from school at a steady pace. Lin biked 1.5 kilometers and it took
her 5 minutes. Andre biked 2 kilometers and it took him 8 minutes.

a. Draw agraph with two lines that represent the bike rides of Lin and Andre.
b. "For each line, highlight the point with coordinates (1, k) and find k.

c. Who was'biking faster?
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3 Match each equation to its graph.

a. y=2x
b. y=%x
C. y=%x
d. y=%x
e. y=%x
f. y=%x
4
//
3 7
/
2 yn
7
1 /

anoss
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4 Asemitruck can travel 1,300 miles on 200 gallons of fuel. A train can travel 1,000 miles on 2
gallons of fuel. This graph shows the fuel usage in miles per gallon for the two vehicles.

a. Which line represents the semi truck = A
. . C
and which represents the train? O
&
(O]
[eX]
B
b. Which vehicle uses less fuel to travel >
the same distance? How can you tell §
from the graph? O

5 from Unit 2, Lesson 10

Here are two graphs for the relationship between time that a water faucet has been on
and the amount of water in a bucket.

A A e
10 10 A
9 9
—~ 8 * —~ 8
c c
s 7 s 7
T 6 © 6
Y 0
o 5 . 5
2 g
o 4 ©c 4
2 =
3 3
2 2
1 1
2 3 4 5 @ 1 2 3 4 5
time (minutes) time (minutes)

at'is the same about the two graphs?

b. What is different about the two graphs?

¢. Which graph makes more sense for representing this situation?
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Unit 2, Lesson 13
Addressing CA CCSSM 7.RP.2; building towards 7.EE.1-2; practicing MP6 and MP7

Two Graphs for Each Relationship

Let’s use tables, equations, and graphs to answer questions about proportional relationships.

@ Which Three Go Together: Graphs

Which three go together? Why do they go together?

A B

o NS

Vs

N WA U o N

12346567x O''1 23456 7x

)

L~

N WA U o N

L~
O 2 46 8101214x

)
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Tables, Graphs, and Equations

Your teacher will assign you one of these three points:
AG,2), B4,5), C(8,5).

1. On the coordinate plane, plot and label only your assigned point.

A
10

9

8

7

6

5

4

3

2

1

o' 1 2 4 6 7 8 9 10 o

()
2. Graph the proportional relationship is defin y your point. That is, use a ruler to draw
a line that starts at the origin, goes thro point, and continues to the edge of the grid.
3. Use your graph to find the lue that goes with each of these x-values.
X y
2
6
You ive you a completed table. Use it to check your values.
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4. Choose three rows, other than the row that represents the
origin, from the completed table. Record the values and x y
compute % for each row. What do you notice about these

=<

values?

5. Write an equation that represents the relationship between x and y .

6. What is the y-coordinate of your graph when the x-coordinate is 1? Plot and label this point
on your graph.

7. Based on your observations, describe any connections you see between the graph, the table,
and the equation.

8. Compare your representations with the rest of your group. Discuss what is the same and
what is different about:

a. Your graphs.
b. Your tables.

c. Your equations.

? Are you ready for more?

The graph of an equation of the form.y = kx, where k is a positive number, is a line through (0, 0)
and the point (1, k).

1. Name at least,onelline through (0, 0) that cannot be represented by an equation like this.

2. Ifyou coudld draw the graphs of all of the equations of this form in the same coordinate plane,
what'would it look like?

® v Mlustrative’
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Balloon Animal Contest

Andre and Jada had a contest making balloon animals.

« Andre made 10 balloon animals in 3 minutes.

+ Jada made 12 balloon animals in 5 minutes.

Here are two different graphs that both represent this situation.

LA A
©
£
c ° n
IS g
[ o}
(@] o C
L E
©
Q £
Y
o) ()
s E ‘
_Q +
e °
o}
C
()
> > =
time in minutes number of balloon animals 2

1. On the first graph, which point shows Andre’s work and which shows Jada’s work? Label
them.

2. Draw two lines: one through the origin and Andre’s point, and one through the origin and
Jada’s point.

3. Write an equation for each line. Use 7 to represent time in minutes and b to represent the
number of balloon animals.

a. Andre:
b.“Jada:

4. For each equation, what does the constant of proportionality tell you?

5. Repeat the previous steps for the second graph.
a. Andre:

b. Jada:
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&, Lesson 13 Summary

Imagine that a faucet is leaking at a constant rate and that every 2 minutes, 10 milliliters of water
leaks from the faucet. There is a proportional relationship between the volume of water and
elapsed time.

+ We could say that the elapsed time is proportional to the volume of water. The corresponding
constant of proportionality tells us that the faucet is leaking at a rate of % of a minute per
milliliter.

* We could say that the volume of water is proportional to the elapsed time. The ¢orresponding
constant of proportionality tells us that the faucet is leaking at a rate of 5 milliliters per
minute.

Let's use v to represent volume in milliliters and ¢ to represent time in mindtes. Here are graphs
and equations that represent both ways of thinking about this relationship:

tA VA

(2,10)

~
1
ui|—

(1,3)

(10,2)

t

v

Even though thesrelationship between time and volume is the same, we are making a different
choice in each case about.which variable to view as the independent variable. The graph on the
left has v as the independent variable, and the graph on the right has 7 as the independent
variable.
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Practice Problems

1 Atthe supermarket you can fill your own honey bear container. A customer buys 12 ounce
of honey for $5.40.

a. How much does honey cost per ounce? A

b. How much honey can you buy per
dollar?

c. Write two different equations that
represent this situation. Use A for
ounces of honey and ¢ for cost in
dollars.

Y

d. Choose one of your equations, and
sketch its graph. Be sure to label th
axes.

Sec D

2 The point (3, %) lies on the graph repres

following points also lie o

g a proportional relationship. Which of the

h? Select all that apply.
A. (1,0.4)

B. (1.5, 2
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3 Atrail mix recipe asks for 4 cups of raisins for every 6 cups of peanuts. There is proportional
relationship between the amount of raisins, r (cups), and the amount of peanuts, p

(cups), in this recipe.
a. Write the equation for the relationship that has a constant of proportionality greater

than 1. Graph the relationship.

anoss

has a constant of proportionality less than

b. Write the equation for the relationship t

1. Graph the reaQ
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4

from Unit 2, Lesson 11

Here is a graph that represents a proportional relationship.

a.

Come up with a situation that could be
represented by this graph.

Label the axes with the quantities in
your situation.

Give the graph a title.

Choose a point on the graph. What do
the coordinates represent in your
situation?

A

.

10 20

40 50 60 70 80 90 100
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Unit 2, Lesson 14
Addressing CA CCSSM 7.RP.2; building on 6.RP.3; practicing MP3 and MP4

Four Representations

Let's contrast relationships that are and are not proportional in four different ways.

m Which Group Is the Bluest?

1. Which group of blocks is the bluest?
A B
[] O
HEN EEN
D E
H0 O
EEEENE N

2. Order the groups of blocks from least blue to st.

N\ %
N
S
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Creating and Representing Situations

1.

Make up a situation where there is a proportional relationship between two quantities

a. Write one or more sentences describing the relationship.

b. Make a table with at least 5 pairs of numbers relating the tw

VA

Sec E

0

tio

<Y

ip and label the axes.

showing the relationship. Explain in your own words what each
letter in your equation represents.
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If you have time, make up another situation where there is a relationship between two

2.
quantities, but the relationship is not proportional.

a. Write one or more sentences describing the relationship.

b. Make a table with at least 5 pairs of numbers relating the two quantities.
Y A

xY

EREN

1@ el the axes.
ation showing the relationship and explain in your own words

d. If possible, wri
er in your equation represents.

what each nu
s, explain how you know whether the relationship is proportional or

3. For each ofyo
sons as you can.

n

lllustrative’
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&, Lesson 14 Summary

The constant of proportionality for a proportional relationship can often be easily identified in a
graph, a table, and an equation that represents it. Here is an example of all three representations
for the same relationship. The constant of proportionality is circled:

y /
/

10 :
9 /{/ Y '
8
, 4.7) x y
6 0
5 ’/ 1

/
4 4 2
T/
LA
1 \ 4
O 1 2 3 45 6 7 8x

On the other hand, some relationships are not proportional. If the graph of a relationship is not a
straight line through the origin, if the equ
table does not have a constant of propo
column to get the corresponding number i
the quantities is not a proportional relationshi

Sec E
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Practice Problems

1 The equation ¢ = 2.95g shows how much it costs to buy gas at a gas station on a certain
day. In the equation, c represents the cost in dollars, and g represents how many gallons of

gas were purchased.
a. Write down at least four (gallons of gas, cost) pairs that fit this relationship.

b. Create a graph of the relationship.

c. What does 2.95 represent in this situa

a third of a gallon of gas for a dollar.” Is she

EREN

d. Jada's mom remar
correct? How did

lllustrative’
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2 Thereis a proportional relationship between a volume measured in cups and the same
volume measured in tablespoons. 3 cups is equivalent to 48 tablespoons, as shown in the
graph.

a. Plot and label at least two more points that represent the relationship.

b. Use a straightedge to draw a line that represents this proportional relationship.

c. Forwhichvaluey is (1, y) on the line you just drew?

d. What is the constant of proportionality for this relationship?

e. Write an equation representing this relationship. U fo dit for tablespoons.
20 A
60
50 (3-48)
e
o
o
ey w
9 9
Ke) (%]
©
)

)
ul
Y

2 3 4
volume in cups
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Unit 2, Lesson 15
Addressing CA CCSSM 7.RP.2; practicing MP1 and MP4
Using Water Efficiently

Let's investigate saving water.

@ Notice and Wonder: Water

What do you notice? What do you wonder?
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Comparing Baths and Showers

Some people say that it uses more water to take a bath than a shower. Others disagree.

1. What information would you need in order to answer the question?

2. Describe how you could get the information and how you would use the information to find
the answer.

3. Find out values for the measurements you need to use the method you described. You may
ask your teacher or research them yourself.

4. Under what conditions does a bath use more water? Under whaticonditions does a shower
use more water? Explain or show your reasoning.

Representing Water‘Usage

Sec E

1. Continue considering the problem\from the previous activity. Name two quantities that are in
a proportional relationship. Explain‘how you know they are in a proportional relationship.

2. What are two'constants of proportionality for the proportional relationship? What do they tell
us aboutithe situation?

3. Ongraphpaper, create a graph that shows how the two quantities are related. Make sure to
label the axes.

4. "Write two equations that relate the quantities in your graph. Make sure to record what each
variable represents.
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Learning Targets

Lesson 1 One of These Things Is Not Like the Others
* | can use equivalent ratios to describe scaled copies of shapes.

+ | know that two recipes will taste the same if the ingredients are in equivalent ratios.

Lesson 2 Introducing Proportional Relationships with Tables
*+ | can use a table to reason about two quantities that are in a proportional relationship.

+ lunderstand the terms proportional relationship and constant of proportionality.

Lesson 3 More about Constant of Proportionality
* | can find missing information in a proportional relationship using a table.

* | can find the constant of proportionality from information givensinia table.

Lesson 4 Proportional Relationships and Equations

* | can write an equation of the form y = kx to represent a proportional#elationship shown in
a table or described in a story.

+ | can write the constant of proportionality as an'entry in a table.

Lesson 5 Two Equations for Each Relationship
+ | can find two constants of proportionality for a‘proportional relationship.
+ | can write two equations representing a proportional relationship described by a table or
story.
Lesson 6 Writing Equations‘to Represent Relationships

* | can find missing informationdn a proportional relationship using the constant of
proportionality.

* | can relate all parts of an‘equation like y = kx to the situation it represents.

Lesson 7 Comparing Relationships with Tables

+ | camidecide if a relationship represented by a table could be proportional and when it is
definitely notjproportional.

Lesson 8'Comparing Relationships with Equations

*_Jcan decide if a relationship represented by an equation is proportional or not.

Lesson 9 Solving Problems about Proportional Relationships

* I can ask questions about a situation to determine whether two quantities are in a

® v Mlustrative’
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proportional relationship.

* | can solve all kinds of problems involving proportional relationships.

Lesson 10 Introducing Graphs of Proportional Relationships

* | know that the graph of a proportional relationship lies on a line through (0, 0).

Lesson 11 Interpreting Graphs of Proportional Relationships

+ | can draw the graph of a proportional relationship given a single point on theigraph (other
than the origin).

* | can find the constant of proportionality from a graph.
+ lunderstand the information given by graphs of proportional relationships, that are made up
of points or a line.
Lesson 12 Using Graphs to Compare Relationships
*+ | can compare two, related proportional relationships based on their graphs.
+ | know that the steeper graph of two proportional relationships has a larger constant of
proportionality.
Lesson 13 Two Graphs for Each Relationship
+ | caninterpret a graph of a proportienal relationship using the situation.

| can write an equation representing a‘proportional relationship from a graph.

Lesson 14 Four Representations

+ | can make connections.between the graphs, tables, and equations of a proportional
relationship.

* | can use units to'help me understand information about proportional relationships.

Lesson 15 Using Water Efficiently

+ | can answer a guestion by representing a situation using proportional relationships.
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Measuring Circles

Content Connections

In this unit you will apply your knowledge of proportional relationships to measuring circles. You will make
connections by:

* Taking Wholes Apart, Putting Parts Together while describing features of deconstructed circles
and their measurements.

* Discovering Shape and Space while using the relationship between radius, diameter,
circumference andarea to solve problems involving circles.

* Exploring Changing Quantities while using the formula A=1trA2 when solving problems involving
circles.

* Reasoning with Data while critiquing reasoning about circles and circle measurements and
describe features of graphs.

201A



Addressing the Standards

As you work your way through Unit 3 Measuring Circles, you will use some mathematical practices
that you may have started using in kindergarten and have continued strengthening over your school
career. These practices describe types of thinking or behaviors that you might use to solve specific math

problems.

Mathematical Practices

Where You Use These MPs

MP1 Make sense of problems and persevere in solving
them.

Lessons 4, 5, and 11

MP2 Reason abstractly and quantitatively.

Lessons 4,5,9,and 10

MP3 Construct viable arguments and critique the
reasoning of others.

Lessons 2, 5, 8, and 10

MP4 Model with mathematics.

Lessons 1, 6, and 11

MP5 Use appropriate tools strategically.

Lessons 2 and 7

MP6 Attend to precision.

Lessons 2,4,6,7,9,and 10

MP7 Look for and make use of structure.

Lessons 3, 8, and 9

MP8 Look for and express regularity in repeated
reasoning.

Lessons 1,3,5,7,and 8

The California Common Core State Standards for Mathematics (CA'CCSSM) describe the topics you will
learn in this unit. Many of these topics build upon knowledge you already have and challenge you to
expand upon that knowledge. The table below shows what standards are being addressed in this unit.

Big Ideas You Are Studying

California Content Standards

Lessons Where You Learn This

e 2-D and 3-D Connections 7.G.1
* Scale Drawings

* Shapes in the World

Solve'problems involving scale
drawings of geometric figures, including
computing actual lengths and areas
from a'scale drawing and reproducing a
scale drawing at a different scale.

Lessons 6,7, and 11

e 2-D and 3-D Connections 7.G.2

* Shapes in the World

Draw (freehand, with ruler and
protractor, and with technology)
geometric shapes with given conditions.
Focus on constructing triangles from
three measures of angles or sides,
noticing when the conditions determine
a unique triangle, more than one
triangle, or no triangle.

Lesson 2
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Big Ideas You Are Studying

California Content Standards

Lessons Where You Learn This

* Shapes in the World

7.G.4

Know the formulas for the area and
circumference of a circle and use them
to solve problems; give an informal
derivation of the relationship between
the circumference and area of a circle.

Lessons 3,4,5,7,8,9,10, and
11

* Angle Relationships
* Shapes in the World

7.G.6

Solve real-world and mathematical
problems involving area, volume
and surface area of two- and three-
dimensional objects composed of
triangles, quadrilaterals, polygons,
cubes, and right prisms.

Lesson 6

* Populations and Samples
* Probability Models

* Proportional Relationships
* Graphing Relationships

* Scale Drawings

7.RP.2

Recognize and represent proportional
relationships between quantities.

a. Decide whether two quantities/are
in a proportional relationship, e.g., by
testing for equivalent ratios in a table
or graphing on a coordinate plane

and observing whether the graphis a
straight line through the origin.

b. Identify the€onstant of
proportionality (unit rate) in tablés,
graphs, equations, diagrams,and
verbal descriptions of proportional
relationships.

c. Represent proportional relationships
by equations. For.éxample, if total cost t
is proportional to the number n of items
purchased at a constant price p, the
relationship between the total cost and
the number of items can be expressed as
t=pn.

ds Explain what a point (x, y) on the
graph of a proportional relationship
means in terms of the situation, with
special attention to the points (0, 0) and
(1, r) where r is the unit rate.

Lesson 3

* Populations and Samples
*  ProbabilityModels

* Proportional Relationships
¢ | Graphing Relationships

* Scale Drawings

7.RP.2a

Recognize and represent proportional
relationships between quantities.

a. Decide whether two quantities are
in a proportional relationship, e.g., by
testing for equivalent ratios in a table
or graphing on a coordinate plane
and observing whether the graph is a
straight line through the origin.

Lessons 1, 3,5, and 7
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Big Ideas You Are Studying | California Content Standards Lessons Where You Learn This

* Populations and Samples 7.RP.2c Lesson 5
* Probability Models Recognize and represent proportional

* Proportional Relationships relationships between quantities.

* Graphing Relationships C. Represent proportional relationships

* Scale Drawings by equations. For example, if total cost t

is proportional to the number n of items
purchased at a constant price p, the
relationship between the total cost and
the number of items can be expressed as

t=pn.
* Populations and Samples 7.RP.3 Lesson 5
* Probability Models Use proportional relationships to
* Proportional Relationships solve multistep ratio and percent
* Unit Rates in the World problems. Examples: simple interest, tax,
* Graphing Relationships markups and markdowns, gratuities and
* Scale Drawings commissions, fees, percent increase and

decrease, percent error.

* Populations and Samples 7.EE.3 Lesson 11
* Visualize Populations Solve multi-step real-life and

* Probability Models mathematical problems posed with

* Proportional Relationships positive and negative rational numbers

* Unit Rates in the World in any form (whole numbers, fractions,

* Scale Drawings and decimals), usingtools strategically.

Apply properties of operations to
calculate with numbersiin any form;
convert between forms as‘appropriate;
and assess the reasonableness of
answers using mental computation and
estimation strategies. Fof example: If a
woman making $25.an‘hour gets a 10%
raise, she will make an additional 1/10 of
her salary an hour, or $2.50, for a new
salary of $27.50. If you want to place a
towelbar 9 3/4 inches long in the center of
a door that is 27 1/2 inches wide, you will
need to place the bar about 9 inches from
each edge; this estimate can be used as a
check on the exact computation.

Note: For a full explanation of the California Common Core State Standards for Mathematics (CA CCSSM)
refer to the standards section at the end of this book.
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Unit 3, Lesson 1
Addressing CA CCSSM 7.RP.2a; building on 6.RP.3¢; building towards 7.G.4, 7.RP.3;

practicing MP4 and MP8

How Well Can You Measure?

Let's see how accurately we can measure.

SecA

Perimeter of a Triangle

Measure the perimeter of the triangle to the nearest tenth of a centin

pe

Q\/({/
O

?
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Perimeter of a Square

Your teacher will give you a picture of 9 different squares and will assign your group 3 of these
squares to examine more closely.

1.

For each of your assigned squares, measure the length of the diagonal and the perimeter-of
the square in centimeters. Check your measurements with your group. After you cometo an
agreement, record your measurements in the table.

diagonal
(cm)

perimeter
(cm)

square A

square B

square C

square D

square E

square F

square G

square H

square |

perimeter (cm)

40

35

30

25

20

15

10

Y

5 10 15
diagonal (cm)

Plot the diagonal and perimetervalues from the table on the coordinate plane.

What do you netice about the points on the graph?

Pause here so your teacher can review your work.

Record measurements of the other squares to complete your table.

204 e Grade7
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Area of a Square

1.

In the table, record the length of the diagonal for each of your assigned squares from the
previous activity. Next, determine the area of each of your squares.

diagonal (cm) | area (cmz)

square A

Sec A

square B

square C

square D

square E

square F

square G

square H

square |

Pause here so your teacher canreview your work. Be prepared to share your values with the
class.

Examine the class graph of these values. What do you notice?

Hoew is the'relationship between the diagonal and area of a square the same as the
relationship between the diagonal and perimeter of a square from the previous activity? How
is it different?

Unit 3, Lesson 1
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Q Are you ready for more?

Here is a rough map of a neighborhood.

C D
B
A E
H G F

There are 4 mail routes during the week.

+ On Monday, the mail truck follows the route A-B-E-F-G-H-A,'which is 14/miles long.

+ On Tuesday, the mail truck follows the route B-C-D-E-F-G-B, which'is'22 miles long.

+ On Wednesday, the truck follows the route A-B-C-D-E-F-G-H-A, which is 24 miles long.
* On Thursday, the mail truck follows the route B-E-F-G-B.

How long is the route on Thursdays?

e, Lesson 1 Summary

When we measure the values for two related quantities, plotting the measurements in the
coordinate'plane can help us decide if it makes sense to model them with a proportional
rélationship. If the points are close to a line through (0, 0), then a proportional relationship is a
good model.

® v Mlustrative’
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This graph shows the height of the stack for This graph shows the time it takes for a tennis

different numbers of stacked coins. ball to fall from different starting heights.
w A A
—
|3 5 [ 1.1 !
Q 1.0 [
£y ? 7 09 ;
S it c 038
o] (@) ®
c 3 g 0.7 <
X L 06 @
@] ()
e g 05
a2 = 04
s = 4
= J 03
o ) 0.2
2 0.1
O' 5 10 15 20 25 30 o' 4.2 3 = 5 6
number of coins starting height (yards)

These points are close to a straight line through

These points are not close to a straight line
(0, 0), so the relationship may be proportional.

throughi(0, 0), sothe relationship is not
proportional:

Another way to investigate whether or not asfelationship is proportional is by making a table and
dividing the values on each row. Here aretables that represent the same relationships as the
previous graphs.

number height in centimeters starting height | fall time | seconds

of coins | centimeters per coin (yards) (seconds) | per yard
5 0.8 0.16 1 0.40 0.40
10 1.5 0.15 2 0.60 0.30
15 2.5 0.167 3 0.75 0.25
20 34 0.17 4 0.88 0.22
25 4.2 0.168 5 0.98 0.196
30 4.9 0.163 6 1.05 0.175

The centimeters of height per coin are close to The seconds of fall time per yard of starting
the same value, so this relationship appears to height are not close to the same value, so this
be proportional. relationship is not proportional.
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Practice Problems

1 Maimeasured the height, perimeter, and area of some equilateral triangles. Her

measurements are shown in the tables.

a. Could the relationship between the
triangles’ heights and their perimeters be
proportional? Explain your reasoning.

b. Could the relationship between the
triangles’ heights and their areas be
proportional? Explain your reasoning.

height (cm) | perimeter (cm)

1.1 3.9

2.4 8.1

4.1 14.4

5.5 19.2

7.9 27.3

height (cm) | area (cm?)

1.1 0.715
2.4 3.24
4.1 9.84
5.5 17.6
7.9 35.945

2 Diego made a graph of twe,quantities that he measured and said, “The points all lie on a
line except ene, whichiis a little bit above the line. This means that the quantities can't be

proportional” Bo youagree with Diego? Explain.
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3  Foreach graph, explain whether the relationship could be proportional.

A B
_ A A
T 15
E [ 50
(V]
L 12 £
& O S v 40
2 2 o O 30 <
s o= E oo bl
5 £ 6 60 S <
- [ g 20
e
60 3
= 10
e N
O '3 6 9 12 15 18 21 O

number of bricks

pool was approximately proportiona ime that has passed in minutes.

a. About how much w was in

the pool after 25 min ? A
700

600
500
400
300
200
100

en were
water in

water (gallons)

Y

@ 10 20 30 40 50

e the constant of ) i
time (minutes)

ortionality for the gallons
of water per minute going into
the pool.
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Unit 3, Lesson 2
Addressing CA CCSSM 7.G.2; building towards 7.G.4; practicing MP3, MP5, and MP6

Exploring Circles

Let's explore circles.

V 29S

How Do You Figure?

Here are two figures.

B
/ N
A / \
[ |
Figure C looks more like Figure A than like Figure B. Sketch what Figure C might look like. Explain

your reasoning.

t: Sorting Round Objects

will give you some pictures of different objects.

. How could you sort these pictures into two groups? Be prepared to share your reasoning.

o v Mlustrative’
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2. Take turns with your partner to sort the pictures into the categories that your class has
agreed on.

a. For each match that you find, explain to your partner how you know it's a match.

b. For each match that your partner finds, listen carefully to their explanation. If you
disagree, discuss your thinking and work to reach an agreement.
Pause here so your teacher can review your work.

3. What are some characteristics that all circles have in common?

Sec A

4. Put the circular objects in order from smallest to largest.

5. Select one of the pictures of a circular object. What areissome ways thatiyou could measure
the actual size of your circle?

@ Are you ready for more?

On January 3rd, Earth is 147,500,000 kilometers away from the Sun. On July 4th, Earth is
152,500,000 kilometers away from the, Sun«The Sun has a radius of about 865,000 kilometers.

Could Earth'’s orbit bef@ circle with some point in the Sun as its center? Explain your reasoning.

Jan. 3 /

P Jul. 4
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Measuring Circles

Priya, Han, and Mai each measured one of the circular objects from earlier.

* Priya says that the bike wheel is 24 inches.
+ Han says that the yo-yo trick is 24 inches.

+ Mai says that the glow necklace is 24 inches.

1. Do you think that all these circles are the same size?

2. What part of the circle did each person measure? Explain your reasonin

<&

Drawing Circlesv

Draw and label each circle.

1. Circle A, with a dia o] )

v

® v Mlustrative’
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2. Circle B, with a radius of 5 cm.

SecA

Pause here so your teacher can revie

3. Circle C, with a radius that is equal
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4. Circle D, with a diameter that is equal to Circle B's radius.

5. If you have time, use a compass to recreate one of these designs. é

\%
N
S
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a» Lesson 2 Summary

A circle consists of all of the points that are the same distance away from a particular point called
the center of the circle.

A segment that connects the center with any point on the circle is called a radius. For example,
segments QG, OH, Q1, and QJ are all radii of Circle 2. (We say one radius and two radii.) The
length of any radius is always the same for a given circle. For this reason, people also refertothis
distance as the radius of the circle.

Sec A

Circle 1 Circle 2
H !
C
A
E F
J

A segment that connects two opposite points.on a circle (passing through the circle’s center) is
called a diameter. For example, segments AB, CDjfand EF are all diameters of Circle 1. All
diameters in a given circle havedhe same length because they are composed of two radii. For this
reason, people also refer to the length of such a segment as the diameter of the circle.

D

The circumference of acircle is the distance around it. If a circle was made of a piece of string
and we cut it and straightened it out, the circumference would be the length of that string. A circle
always encloses a‘circular région. The region enclosed by Circle 2 is shaded, but the region
enclosed by Circle Tiis\not. When we refer to the area of a circle, we mean the area of the enclosed
circular region.

Glossary

+ circle
¢ circumference
" diameter

» radius
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Practice Problems

1 Use ageometric tool to draw a circle. Draw and measure a radius and a diameter of the

circle.

se ts and curves joining points on the

2 Hereisacircle with center H and some
circle.
ify examples of the following. Explain
our reasoning.

a. Diameter

b. Radius

lllustrative’
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3 Lin measured the diameter of a circle in two different directions.

o Measuring vertically, she got 3.5 cm.
o Measuring horizontally, she got 3.6 cm.

Explain some possible reasons why these measurements differ.

SecA

4  fromUnit2, Lesson 1

A small batch of lemonade used % cup.of sugar added to 1 cup of water and % cup of

using 10 cups of water. How much sugar
ame as the small batch?

5 from Unit

rtional relationship contains the point (3, 12). What is the constant of
f the relationship?
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Unit 3, Lesson 3
Addressing CA CCSSM 7.G.4, 7.RP.2, 7.RP.2a; building on 2.MD.1-4, 6.SP.5¢; building towards 7.G.4;

practicing MP7 and MP8

Exploring Circumference

Let's explore the circumference of circles.

@ Which Is Greater?

Clare wonders if the height of the toilet paper tube or the distance around tt
What information would she need in order to solve the problem? How cou

she find this out?

o v Mlustrative’
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Measuring Circumference and Diameter

Your teacher will give you two circular objects.

1. Measure the diameter and
the circumference of each object | diameter (cm) | circumferenc
circle to the nearest tenth of
a centimeter. Record your
measurements in the first
two rows of the table.

SecA

2. Plot your diameter and circumference values on the rdinate plane."What do you notice?

80 |

70

60

50 '

40

circumference (cm)

5 10 15 20 25
diameter (cm)

out the measurements from another group that measured different objects. Record
eir values in your table and plot them on your same coordinate plane.

hat do you notice about the diameter and circumference values for these four circles?

Unit 3, Lesson3 ® 219



Calculating Circumference and Diameter

Here are five circles. One measurement for each circle is given in the table.

Use the constant of proportionality estimated in the'previods activity to complete the table.

diameter (cm) |<«circumference (cm)
circleA 3
circle’B 10
circleC 24
circle D 18
circle E 1

LEARN MATH FOR LIFE
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9 Are you ready for more?

The circumference of Earth is approximately 40,000 km. If you made a circle of wire around the
globe, and that wire is only 10 meters (0.01 km) longer than the circumference of the globe, could
a flea, a mouse, or even a person creep under it?

Sec A

a«» Lesson 3 Summary

There is a proportional relationship ¢
between the diameter and

. . 12 T
circumference of any circle. That
means that if we write C for 0
circumference and d for diameter, we
know that C = kd, where k is the

. . 8 T

constant of proportionality.
The exact value for the constant of 6 +
proportionality is called pi, and its
symbol is . Some frequently used 4+
approximations for x are % 344, and (1, 7)
3.14159, but none of these is exactly.z. 27T

O 1 2 3 4 5 6 ¢4
We can use this to estimate the circumference if we know the diameter, and vice versa. For

example, using 3.1 as an.approximation for z, if a circle has a diameter of 4 cm, then the
circumference is about (3.}) - 4 = 12.4, or 12.4 cm.

The relationship between the circumference and the diameter can be written as

C=uxd

Glossary

* pi(x)
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Practice Probl

ems

1 Diego measured the diameter and circumference of several circular objects and recorded
his measurements in the table.

object diameter (cm) | circumference (cm)
half dollar coin 3 10
flying disc 23 28
jar lid 8 25
flower pot 15 48

One of his measurements is inaccurate. Which measurement'is it? Explainthow you know.

2 Complete the table. Use one of the approximate\aliies for z discussed in class (for example
). Explain or show your reasoning.

3.14, 27—2 3.1416

object diameter circumference
hula hoop 35in

circular pond 556 ft
magnifying glass 5.2cm

car tire 71.6in

222 ® Grade7
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3

from Unit 3, Lesson 2

A is the center of the circle, and the length of CD is 15 centimeters.

a. Name a segment that is a radius. How
long is it?

SecA

b. Name a segment that is a diameter.
How long is it?

4

from Unit 2, Lesson 10

a. Consider the equation y = 1.5x

. Find four pairs of x and y values that make the
e coordinate plane.

10 A

o]

[e))

6 7 X

b. Based on the graph, can this be a proportional relationship? Why or why not?
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Unit 3, Lesson 4
Addressing CA CCSSM 7.G.4; practicing MP1, MP2, and MP6

Applying Circumference

Let's use x to solve problems.

m What Do We Know?

For each picture, which measurement is shown? Be prepared to explain your

+ Wagon wheel: 3 feet

+ Plane propeller: 24 inches @

+ Slice y ge: 20 centimeters

LEARN MATH FOR LIFE
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Using =

Earlier, we looked at pictures of circular objects. One measurement for each object is listed in the
table.

Your teacher will assign you an approximation of z to use for this activity.

Sec A

1. Complete the table. Be prepared to explain your reasoning.

object radius diameter | circumference

wagon wheel 3 ft

airplane propeller 24in

orange slice 20cm

2. A bug was sittingon the tip of the propeller blade when the propeller started to rotate. The
bug held on for 5 rotations before flying away. How far did the bug travel before it flew off?
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Hopi Basket Weaving

Hopi (HOH-pee) weavers make baskets by weaving thin strips of yucca onto a circular willow
frame.

Sifter Basket Tray with Handles

1. To make a basket with a radius of 6% inches, how long does the piece of willow for the

circular frame need to be?

2. If aweaver uses a piece of willow that is 33 ong, t will the radius of the basket be?

9 Are you ready for mo

Hopi weavers also make coil hat have thin strips of yucca wrapped around a spiraling
core.

Y
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Describe a method you could use to approximate the length of
the spiral core for a plague made of 19 coils that are 1 cm thick.




Around the Running Track

The field inside a running track is made up of a rectangle that is 84.39 m long and 73 m wide,
together with a half-circle at each end.

SecA

1. What is the distance around the insi rack? Explain or show your reasoning.

e all the way around. What is the distance around the outside of the
how your reasoning.
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Q Are you ready for more?

This size running track is usually called a 400-meter track. However, if a person ran as close to the
“inside” as possible on the track, they would run less than 400 meters in one lap. How far away
from the inside border would someone have to run to make one lap equal exactly 400 meters?

a«» Lesson 4 Summary

The circumference of a circle, C, is & times the diameter, d. The diameter is twice the radius, r. So
if we know any one of these measurements for a particular circle, we can find the others. We can
write the relationships between these different measures using equations:

d=2r
C=rnd
C=2nr

If the diameter of a car tire is 60 cm, that means the«adius is 30 cm, and the circumference is
60 - 7, or about 188 cm.

If the radius of a clock is 5 in, that means the diameter is 10 in, and the circumference is 10 - x, or
about 31 in.

If a ring has a circumference of. 44 mm, that means the diameter is 44 + x, which is about 14 mm,
and the radius is;@bout 7 mm.
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Practice Problems

1 Hereisapicture of a Ferris wheel. It has a diameter of 80 meters.

a. On the picture, draw and label a
diameter.

b. How far does a rider travel
complete rotation aro e Ferris
wheel?

SecA

2 Identify each measurement as the diameter, radius, or circumference of the circular object.

Then, estimate the other two measurements for t

a. The length of the minute hand on a clock is 5 in

b. The fence around a circular poo 5fe ng.

c. Thetireso truck 14 feet tall.

d, The distanc m the tip of a slice of pizza to the crustis 7 inches.

?ﬁng a tortilla in half creates a straight side 16 centimeters long.

f. The length of the metal rim around a glass lens is 190 millimeters.
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3 Anhalfcircle is joined to an equilateral triangle with side lengths of 12 units. What is the

perimeter of the resulting shape?

ce of 1 meter. Which circle is

4 Circle A has a diameter of 1 foot. Circle B has a circumfer
bigger? Explain your reasoning. (1 inch = 2.54 centimeters

5
of Tyler's bike tire is 72 inches. What is the diameter of the tire?

lllustrative’
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Unit 3, Lesson 5
Addressing CA CCSSM 7.G.4, 7.RP.2a, 7.RP.2¢, 7.RP.3; practicing MP1, MP2, MP3, and MP8

Circumference and Wheels

Let's explore how far different wheels roll.

SecA

A Rope and a Wheel

use 2 is less

Han says that you can wrap a 5-foot rope around a wheel with a 2-foo 5

than pi. Do you agree with Han? Explain your reasoning.
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Rolling, Rolling, Rolling

Your teacher will give you a circular object.

1. Follow these instructions to create the drawing:

a. On a separate piece of paper, use a ruler to draw a diagonal line all the way across the
page.
b. Roll your object along the line and mark where it completes one rotation.

c. Use your object to draw tick marks along the line that are spaced as far apart as the
diameter of your object.

2. What do you notice?

3. Use your ruler to measure these lengths to the nearest tenth of a centimeter:
a. the diameter of your object
b. how far your object rolled in one complete rotation

4. Find the quotient of how far your object rolled divided by its diameter. What do you notice?

5. If you wanted to mark whefe your object cempletes 2 rotations, how long a line would you
need?

6. Compare your measurements and calculations with another group's that used a different
object.

a. What do younnotice?

b. Ifboth groups rolled their object along the entire length of the classroom, which object
would complete the most rotations? Explain or show your reasoning.
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Rotations and Distance

1. A car wheel has a diameter of 20.8 inches.

a. About how far does the car wheel travel in 1 rotation? 5 rotations? 30 rotations?

SecA

b. Write an equation relating the distance that the car travels 0 the number of
wheel rotations, x.

c. About how many rotations does the car wheel make when the car travels 1 mile? Explain
or show your reasoning.

2. A bike wheel has a radius of 13 inches.

a. About how far does the bike wheel travel in 1 rotation? 5 rotations? 30 rotations?

tion relating the distance that the bike travels in inches, b, to the number of
tations, x.

how many rotations does the bike wheel make when the bike travels 1 mile?
Explain or show your reasoning.
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@ Are you ready for more?

Here are some photos of a spring toy.

If you could stretch out the spring completely stra ow would it be? Explain or show your

Q\/
R

234 e Grade7

reasoning.
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Rotations and Speed

The circumference of a car wheel is about 65 inches.

1. If the car wheel rotates once per second, how far does the car travel in one minute?

SecA

2. If the car wheel rotates once per second, about how many miles ar el in one
hour?

3. If the car wheel rotates 5 times per sec ab ow many miles does the car travel in one
hour?

4. Ifthe caris
rotate?

iles per hour, about how many times per second does the wheel
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« Lesson5 Summary

The circumference of a circle is the distance around the circle. This is also how far the circle rolls
on flat ground in one rotation. For example, a bicycle wheel with a diameter of 2 feet has a

circumference of 2z feet, which is about 6.3 feet. This means that the wheel will travel about 6.3
feet in one complete rotation.

We can use this relationship to calculate the distance traveled for any number of rotations. Here'is
a table showing approximately how far the bike travels when the wheel makes different numbers

of rotations.

number of | distance traveled
rotations in feet

1 6.3

2 12.6

3 18.9

10 63

50 315

X 6.3x

In the table, we see that thesrelationship
between the distance traveled and'the number
of wheel rotations is a proportional
relationship. The constantiof proportionality is
equal to the circumference of the wheel, 27, or
about 6.3.

For this wheel, the equation d = 6.3x gives the
distance traveled, d, when the wheel makes x
rotations.

For a wheel of any size, the equation is d = Cx, where C is the circumference of the wheel.

236 ® Grade7
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Practice Problems

1 Find the distance each wheel travels.

a. The circumference of a wagon wheel is 25 inches. The wheel makes 4 complete
rotations.

SecA

b. The diameter of a bike wheel is 27 inches. The wheel makes p otations.

c. The radius of a skateboard wheel is 2.6 centimeters. The wheel makes 100 complete
rotations.

2 The wheels on Kira

rotate if Kiran ri @

es in circumference. How many times do the wheels
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3

from Unit 3, Lesson 4
The numbers are measurements of diameter, radius, and circumference of Circles A and B.

Circle Ais smaller than Circle B. Which number belongs to which quantity?

25 5 76 152 157 47.7
diameter of Circle A: diameter of Circle B:
radius of Circle A: radius of Circle B:

circumference of Circle B:

circumference of Circle A:

4 from Unit 3, Lesson 3
Circle A has circumference 2% m. Circle B has a diameter that is 1% times as long as Circle

A’s diameter. What is the circumference of Circle B?

5 from Unit 3, Lesson 2
A is the center of the circle, and the length of AE is 5 centimeters.
a. What is the length of segment CD?

b. What is the length of segment A B?

c. Name a segment that has the same
length as segment AB.

lllustrative’
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Unit 3, Lesson 6
Addressing CA CCSSM 7.G.1, 7.G.6; building on 5.0A.1-2; practicing MP4 and MP6

Estimating Areas

Let's estimate the areas of weird shapes.

@ Math Talk: Mental Calculations

Find the value of each expression mentally.

« 599 + 87

SecB

+ 48 + 313

. 440 — 29

« 254 - 88
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26 ft

House Floor Plan

Here is a floor plan of a house. Approximate lengths of the walls are given. What is the
approximate area of the home, including the balcony? Explain or show your reasoning.

8.5ft

Bedroom
One

Living

Room

Bedroom

Fireplace

KH 1\"
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Area of Nevada

Estimate the area of Nevada in square miles. Explain or show your reasoning

SecB

Q\/

ateral, and the three pink regions are identical. The blue equilateral
area as the three pink regions taken together. What is the ratio of the sides
riangles?
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«» Lesson 6 Summary

We can find the area of some complex polygons by surrounding them with a simple polygon like a
rectangle. For example, this octagon is contained in a rectangle.

The rectangle is 20 units long and 16
units wide, so its area is 320 square
units. To get the area of the octagon,
we need to subtract the areasofthe
four right triangles in the corners.
These triangles are each 8 units long
and 5 units wide, so they each have an
area of 20 squarg‘units. The area of
the octagon is 320 — (4 - 20), or 240
square units.

We can estimate the area of irregular shapes by approximating them with a polygon and finding
the area of the polygon. For example, here is a satéllite picture of Lake Tahoe with some one-
dimensional measurements around the lake.

The area of the rectangle is 160 square
miles, and the area of the triangle is
17.5 square miles for a total of 177.5
square miles. We recognize that this is
an approximation, and not likely the
exact area of the lake.
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Practice Problems

1 Find the area of the polygon.

2cm

Tcm

2cm

4cm
3cm

3cm

2

a. Draw polygons on the map that could be use

approximate the area of Virginia.

MARYLANMD
zinnati

DEL

surements would you need to know in order to calculate an approximation

f Virginia? Label the sides of the polygons whose measurements you
need. (Note: You aren't being asked to calculate anything.)

Practice Problems ® 243
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3

Estimate the area of Idaho. Explain your reasoning.

from Unit 3, Lesson 4

The radius of Earth is approximately 6,40

dividing it into the northern and southern he
length of the

4

center of the equator.) Whatis t

5 fromu

Jada’s bike w have a diameter of 20 inches. How far does she travel if the wheels rotate

lllustrative’
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Unit 3, Lesson 7
Addressing CA CCSSM 7.G.1, 7.G.4, 7.RP.2a; building towards 7.G.4; practicing MP5, MP6, and MP8

Exploring the Area of a Circle

Let's investigate the areas of circles.

@ Which Three Go Together: Figureson a G

Which three go together? Why do they go together?

SecB

A

R
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Estimating Areas of Circles

Your teacher will give your group two circles of different sizes.

1. For each circle,

a. Use the grid squares to determine the diameter (cm) | estimated area (cm
diameter of the circle.

b. Estimate the area of the circle.

c. Record your measurements in the first
two rows of the table.

g29S

2. Plot your diameter and area values on the coordinate plan

A

300

250

200

150

area (cm?)

100

Y

5 10 15 20 25
diameter (cm)

. Find out the measurements from another group that measured different circles. Record their
es in your table, and plot them on your same coordinate plane.
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4. Earlier, you graphed the relationship between the diameter and circumference of a circle.
How is this graph the same? How is it different?

@ Are you ready for more?

SecB

How many circles of radius 1 unit can you fit inside each o llowi t they do not
overlap?

1. acircle of radius 2 units?

2. acircle of radius 3 units?

3. acircle of radius 4 units?

If you get stuck, sid g coins or other circular objects.
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Covering a Circle

Here is a square whose side length is the same as the radius of the circle.

How many of these squares do you think it would take to cover the circle exactly?

e, Lesson7 Summary

The circumference C of a circle is proportional to the diameter d, and we can write this
relationship as C = xd. The circumference is also proportional to the radius of the circle, and the
constant of proportionality is 2 - z.because the diameter is twice as long as the radius. However,
the area of a circle is not proportional to the diameter (or the radius).

The area of a circle with radius r.is aflittle more than 3 times the area of a square with side r so the
area of a circle of radiusr is approximately 3r2. We saw earlier that the circumference of a circle of
radius r is 2zr. If we write C'for the circumference of a circle, this proportional relationship can be
written C = 2z,

The area A of a cirele withiradius r is approximately 3r2. Unlike the circumference, the area is not
proportional to the radius because 3r> cannot be written in the form kr for a number k. We will
investigate andirefine the relationship between the area and the radius of a circle in future
lessons.

Glossary

« area of a circle
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Practice Problems

1 The x-axis of each graph has the diameter of a circle in meters. Label the y-axis on each
graph with the appropriate measurement of a circle:

radius (m), circumference (m), or area (mz).

A B C
I I T T
20 20 20 ! A
18 / 18 18 =
16 f 16 16 4= y
14 f 14 14 /
12 12 121 /
10 / 10 10
8 f 8
2 / 461 4 Y
1T ()
27 — 2 — 24/ , — <
O 2 4 6 8 10 O 2 4 6 8 10 O 204 6 8 10
diameter (m) diameter ( iameter (m)
2 a. Priya drew a circle with a circumference of 25 cm. rew a circle with a diameter
that is 3 times the diameter of Pri circle.
What is the circumference of.
b. Noah dre e'with an area of 500 inz. Han drew a circle with a diameter thatis 3

er of Noah's circle.

Han'’s circle. Explain your reasoning.
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3  Each picture shows two squares and a circle.

a. Explain why the area of this circle is more than 2 square
units but less than 4 square units.

b. Explain why the area of this circle
is more than 18 square units and
less than 36 square units.

Point A is the circle, and the length of

hat is the circumference of this circle?

o
250 o Grade7? KH ‘ I\"

radius of this circle? . B
E
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5 from Unit 3, Lesson 4

The Carousel on the National Mall has 4 rings of horses. Kiran is riding on the inner ring,
which has a radius of 9 feet. Mai is riding on the outer ring, which is 8 feet farther out fro
the center than the inner ring is.

a. Inone rotation of the carousel, how much farther does Mai travel than Kiran?

b. One rotation of the carousel takes 12 seconds. How muchfa d avel than
Kiran?

6 from Unit 3, Lesson 5

Lin's bike travels 100 meters when h eels rotate 55 times. What is the circumference of

her wheels?

oal to read for 40 minutes. How many minutes has each student read

has read for 25% of the goal.
as read for 75% of the goal.

¢. Jada has read for 150% of the goal.
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Unit 3, Lesson 8
Addressing CA CCSSM 7.G.4; practicing MP3, MP7, and MP8

Relating Area to Circumference

Let's rearrange circles to calculate their areas.

Irrigating a Field

A circular field is set into a square with an 800-m side length.

g29S

What is the field’s area? Recor ate

Y

o v Mlustrative’
252 e Grade? KH ‘ I \ ‘ Mathematics

olo about right too high

LEARN MATH FOR LIFE



Making a Polygon out of a Circle

Your teacher will give you a page with two circles on it and a piece of paper that is a different
color.

Follow these instructions to create a visual display:
1. Cut out both circles, cutting around the thick outline.
2. Fold and cut one of the circles into fourths.

3. Arrange the fourths so that straight sides are next to each other, butithe,curved edges are
alternately on top and on bottom.

Pause here so your teacher can review your work.

SecB

4. Fold and cut the fourths in half to make eighths. Arrangedthe eighths nextto each other, like
you did with the fourths.
Pause here so your teacher can review your work.

5. Glue the remaining circle and the new shape onto a piece of paper that is a different color.

After you finish gluing your shapes, answerthefollowingquestions.

1. How do the areas of the two shapes compare?

2. What polygon dees the shape made of the circle pieces most resemble?

3. How could you find the area of this polygon?
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Making Another Polygon out of a Circle

Imagine a circle made of rings that can bend, but not stretch.

==ty

The rings are cut The circle has been mad
into a new shape.

Acircleis
made of rings. and unrolled.

1. What polygon does the new shape resemble?

g29S

ircle?

2. How does the area of the polygon compare to the area of t

3. How can you find the area of the polygon?

ould find the polygon’s area in terms of the circle’s

4. Show, in detailed steps
ng. Organize it so it can be followed by others.

measurements. Show yot

lllustrative’
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Objects for a Powwow

Here are some special objects that might be seen at a Lakota powwow, or wacipi (wah-CHEE-p
1.

A hoop drum has a radius of 7 inches. What is the
area of the drum?

[an]
(o}
(]
(%]

2.

A beaded medallion has a diameter of 6 centimeter
What is the area of the medallion?

9 Areyoure

If each

.5 mmz, how many beads are there on the medallion?
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&, Lesson 8 Summary

If Cis a circle’s circumference and r is its radius, then C = 2zr. The area of a circle can be found
by taking the product of half the circumference and the radius.

If A is the area of the circle, this gives the equation:

A= %(Zn'r) . r
This equation can be rewritten as:
2

A=nxr

Remember that when we have r -  we can write >, and we can say “r squared

This means that if we know the radius, we can find the area. For example, if 8 radius of

10 cm, then its area is about (3.14) - 100 which is 314 cm?.

If we know the diameter, we can figure out the radius, and then
if a circle has a diameter of 30 ft, then the radius is 15 ft, and th

a. For example,

rea is about (3.14) - 225 which

is approximately 707 fit?.

Glossary
* squared
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Practice Problems

1 The picture shows a circle divided into 8 equal wedges, which are rearranged.

The radius of the circle is r, and its circumference is 2zr. How d
to explain why the area of the circle is 7r??

2 Apaper plate has a radius .5inche

hat is the area of the plate?

Sec B

3 Ja

ir

table that has a diameter of 37 inches. What is the area of the table?
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4 Acircle’s circumference is approximately 76 cm. Estimate the radius, diameter, and area of

the circle.

5 from Unit 3, Lesson 7
ther? For the quantities that

Which of these pairs of quantities are proportional to eac
are proportional, what is the constant of proportionality?

a. Radius and diameter of a circle

Radius and circumference of a circle

Radius and area of a ci

ce of a circle

of a circle

lllustrative’
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6 from Unit 3, Lesson 5

Here are the diameters of four coins:

coin penny nickel dime quarter

diameter 1.9cm

2.1 cm 1.8 cm 2.4 cm

a. A coin rolls a distance of 33 cm in 5 rotations. Which coin is it?

SecB

b. A quarter makes 8 rotations. How far did it roll?

c. Adimerolls 41.8 cm. How man tations did it make?

7 Cfrom an earlier co

ise for 60 minutes this week. How many minutes has he exercised

xercised for 10% of his goal.
e has exercised for 60% of his goal.

he has exercised for 130% of his goal.
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Unit 3, Lesson 9
Addressing CA CCSSM 7.G.4; practicing MP2, MP6, and MP7

Applying Area of Circles

Let's find the areas of shapes made up of circles.

Math Talk: Expressions with Variables

For each expression, find an equivalent expression with fewer terms.

* at+a+a+a
cat+a+a+b+b
« Ox — x

« 54+6x+7

Comparing Areas Madefof Circles

1. Each square has a side length of 12 units. Compare the areas of the shaded regions in the 3
figures. Which figure has the largest.shaded region? Explain or show your reasoning.
A B o

/ N
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D

2. Each square in Figures D and E has a side length of 1 unit. Compare the area of the two
figures. Which figure has more area? How much more? Explain or show your reasoning.

Sec B

Q Are you ready for more?

Which figure has a longer perimeter, Figure D or.Figure E? Ho ch longer?
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The Running Track Revisited

The field inside a running track is made up of a rectangle 84.39 m long and 73 m wide, together
with a half-circle at each end. The running lanes are 9.76 m wide all the way around.

g29S

field? Explain or show your reasoning.

What is the area of the running track that goes

lllustrative’
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&, Lesson9 Summary

The relationship between A, the area of a circle, and r, its radius, is A = zr>. We can use this to
find the area of a circle if we know the radius. For example, if a circle has a radius of 10 cm, the

the areais « « 102, or 100z cmz. We can also use the formula to find the radius of a circle if we

know the area. For example, if a circle has an area of 497 m? then its radius is 7 m and its
diameteris 14 m.

Sometimes instead of leaving z in expressions for the area, a numerical approxima

helpful. For the examples above, a circle of radius 10 cm has an area of about a similar
way, a circle with an area of 154 m? has a radius of about 7 m.

[an]
We can also figure out the area of a fraction of a circle. For examplethe figure'shows'acircle g

divided into 3 pieces of equal area. The shaded part has an area of Zxr2.
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Practice Problems

1 Thereare 10 rings on an archery target. Each ring is 4 cm wide.
A

80 cm

g 23S

Find the area of:
a. theyellow region (rings 9 and 10)

b. the red region (rings 7 and 8)

c. the black region (rings 3 and'4)

2 Adcircle with a 12-inch diameter is folded in half and then folded in half again. What is the

area of the resulting'shape?

lllustrative’
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3 Some Hawaiian chiefs wore capes that were
covered with red, yellow, and black feathers.

Describe how you could estimate the area of this cape.

Sec B

Find the area of the sha

region. Expr

our answer in terms of «

A

Y

18 in
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5 from Unit 3, Lesson 6

Find the area of this shape in two different ways.

Tm

2m

g29S

4m

3m

6 from Unit 2, Lesson 5

Elena and Jada both read at a constant rat
that Elena can read, Jada can read 5.

a. Complete the table.

reads more slowly. For every 4 pages

pages read by Elena | pages read by Jada
4 5
1
9
e
15
J

b. re is an equation for the table: j = 1.25e. What does the 1.25 mean?

c. Write an equation for this relationship that starts e = ...

266 ® Grade7
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Unit 3, Lesson 10
Addressing CA CCSSM 7.G.4; practicing MP2, MP3, and MP6

Distinguishing Circumference and Area

Let's contrast circumference and area.

@ A Plate of Marbles

About how many marbles can fit on the plate in a single layer? Be prep ex your

QV(O
§\

Sec C
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Card Sort: Circle Problems

Your teacher will give you a set of cards with questions about circles.

1. Take turns with your partner to sort the cards into two groups based on whether you would
use the circumference or the area of the circle to answer the question

a. For each card that your partner sorts, listen carefully to their explanation. If you.disagree,
discuss your thinking and work to reach an agreement.

b. For each card that you sort, explain to your partner how you know which groupit goes in.

2. Your teacher will assign you one card to examine more closely. What additionalinformation
would you need in order to answer the question on your card?

3. Estimate measurements for the circle that is described on your card.

4. Use your estimates to calculate the answer to thé question.

Visual Display‘of Circle Problem

In the previous activity you estimated the answer to a question about circles.
Create a visualdisplay that includes:

+ The question you were answering.

+ Adiagram of a circle labeled with your estimated measurements.

* Your thinking, organized so that others can follow it.

* Your answer, expressed in terms of z and also expressed as a decimal approximation.

® v Mlustrative’
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L'X‘8 Analyzing Circle Claims

Here are two students’ answers for each question. Do you agree with either of them? Explain
show your reasoning.

1. How many feet are traveled by a person riding once around the merry-go-round?

so the distance
t 4rx feet.”

Sec C

2. How much room is there to put glue onthe bac a paper circle?

o Clare says “The radius of the circle is
about 3 centimeters, so the space for

glue is about 6z cm*.”

o Andre says “The diameter of the circle is

; about 3 inches, so the space for glue is
about 2.25x in%.”
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3. How far does the unicycle move when the wheel makes 5 full rotations?

o Clare says, “The diameter of the unicycle wheel is about

0.5 meters. In 5 complete rotations it will go about

5 2"
STm.

o Andre says, “l agree with Clare's estimate of the
diameter, but that means the unicycle will go about S

m."

@ Are you ready for more?

A goat (point G) is tied with a 6-foot rope of a shed. The floor of the shed is a square
whose sides are each 3 feet long and the goat can't go inside. The space all

® v Mlustrative’
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Info Gap: Merry-go-round and Unicycle

Your teacher will give you either a problem card or a data card. Do not show or read your cardito

your partner.
If your teacher gives you the problem card:

1. Silently read your card, and think about
what information you need to answer the
question.

2. Askyour partner for the specific
information that you need. “Can you tell
me 2"

3. Explain to your partner how you are using
the information to solve the problem. “I
need to know because....”

Continue to ask questions until you have
enough information to solve the problem.

4. Once you have enough informationgshare
the problem card with your partner, and
solve the problem independently.

5. Read the data card, and discuss your
reasoning.

If your teacher gives you the data card:

1.

Silently read your card. Wait faryour
partner to ask for information.

Before telling your partnenany
information, ask, “Why:do you,need to
know 27

Listen to yourpartner'sseasoning, and ask
clarifying questionszOnly give information
that is on yourscard. Do not figure out
anything for your partner!

These steps may be repeated.

Once your partner says they have enough
information to solve the problem, read the
problem card, and solve the problem
independently.

Share the data card, and discuss your
reasoning.
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&, Lesson 10 Summary

Sometimes we need to find the circumference of a circle, and sometimes we need to find the area.

Here are some examples of quantities related Here are some examples of quantities related
to the circumference of a circle: to the area of a circle:
* The length of a circular path. + The amount of land that is cultivated ofra

« The distance a wheel will travel after one circular field.

complete rotation. + The amount of frosting neededo cover

+ The length of a piece of rope coiled in a the top of a round cake.

circle. + The number of tiles needed.to cover a
round table.

In both cases, the radius (or diameter) of the circle is all that is needed to make the
calculation. The circumference of a circle with radius r is 2zr while its/area is zr>. The
circumference is measured in linear units (such as cm, in, km) while the area is measured in

square units (such as cm2, in2, kmz).
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Practice Problems
1

For each problem, decide whether the circumference of the circle or the area of the circle is
most useful for finding a solution. Explain your reasoning.

a. Acar's wheels spin at 1000 revolutions per minute. You want to know how fast the
is traveling.

b. A circular kitchen table has a diameter of 60 inches. You
is needed to cover the table top.

ho uch fabric

Sec C

c. Acircular puzzle is 20 inches in dia
want to know about how many

ter. All of the pieces are about the same size. You
ces there are in the puzzle.

d. Youwantto

ut g it takes to walk around a circular pond.

clock has a circumference of 63 in. What is the area of the face of the clock?
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3 Thecity of Paris, France, is completely contained within an almost circular road that goes

around the edge. Use the map with its scale to:

a. Estimate the circumference of Paris.

b. Estimate the area of Paris.

BREN

4 Hereis a diagram of a softball field:
a. About how long is the fence around

field?

Infield

the outfield?

250 ft

lllustrative’
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from Unit 2, Lesson 5
While in math class, Priya and Kiran come up with two ways of thinking about the equation
S5k = 1750.

o Priya says, “l can solve this equation by dividing 1,750 by 5.”
o Kiran says, “l can solve this equation by multiplying 1,750 by 3

a. What value of k would each student get using their own method?

b. How are Priya and Kiran's approaches related?

c. Explain how each student might approach solvi

e equa

Sec C

6 Cfrom an earlier course)

beled “heavy”?
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Unit 3, Lesson 11
Addressing CA CCSSM 7.EE.3, 7.G.1, 7.G.4; practicing MP1 and MP4

Stained-Glass Windows

Let's use circumference and area to design stained-glass windows.

Cost of a Stained-Glass Window

The students in art class are designing a stained-glass window to hang in the scheohentryway. The
window will be 3 feet tall and 4 feet wide. Here is their design.

+ They have raised $100 forthe project.

+ The colored glass costs $5yper square foot.

+ The clear glass costs $2 per'square foot.

+ The material they need toyjoin the pieces of glass together costs 10 cents per foot.

* The framedaround the window costs $4 per foot.

Do they have enough.moneyto cover the cost of making the window?

o v Mlustrative’
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A Bigger Window

A local community member sees the school’s stained-glass window and really likes the design.
They ask the students to create a larger copy of the window using a scale factor of 3.

Would $450 be enough to buy the materials for the larger window? Explain or show y
reasoning.

Sec C

Draw a stained-glass window design that cou

de for less than $450. Show your thinking.
Organize your work so it can beffellowed by oth
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Learning Targets

Lesson 1 How Well Can You Measure?

+ | can examine quotients and use a graph to decide whether two associated quantities are in a
proportional relationship.

+ lunderstand that it can be difficult to measure the quantities in a proportional relationship
accurately.
Lesson 2 Exploring Circles
* | can describe the characteristics that make a shape a circle.

+ | can identify the diameter, center, radius, and circumference of a circlg.

Lesson 3 Exploring Circumference
* | can describe the relationship between circumference and diameter of any €ircle.

* | can explain what 7 means.

Lesson 4 Applying Circumference
* | can choose an approximation for & based on the situation or problem.

« If | know the radius, diameter, or circumference of a'circle, | can find the other two.

Lesson 5 Circumference and Wheels
 If I know the radius or diameter of'a wheel, | can find the distance the wheel travels in some
number of revolutions.
Lesson 6 Estimating Areas
* | can calculate the area of a,complicated shape by breaking it into shapes whose area | know
how to calculate.
Lesson 7 Exploring the Area of a Circle
+ If I know a circle's’radius or diameter, | can find an approximation for its area.
+ | know whetheror. not the relationship between the diameter and area of a circle is
proportional.and can explain how | know.
Lesson 8 Relating Area to Circumference
* |can explain how the area of a circle and its circumference are related to each other.

« | know the formula for area of a circle.

Lesson 9 Applying Area of Circles
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* | can calculate the area of more complicated shapes that include fractions of circles.

« | can write exact answers in terms of .

Lesson 10 Distinguishing Circumference and Area
+ | can decide whether a situation about a circle has to do with area or circumference.

* | can use formulas for circumference and area of a circle to solve problems.

Lesson 11 Stained-Glass Windows

* | can apply my understanding of area and circumference of circles to sol
problems.

plicated
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Glossary

*+ area
Area is the number of square units that cover a two-dimensional region with no any gaps or
overlaps.

o The area of region A is 8 square units.

1
2

o The area of the shaded region of B is

square unit.

+ area of acircle
The area of a circle is the number of square units it govers. If a circle has radius r units, its
area is 1% square units.

For example, a circle has radius of 3 inches. Its area is 73%0r97, square inches. This is about
28.3 square inches.

* circle
A circle is made of all the points that are'the
same distance from a given,point. That given C

point is the center of the circle.

Every point on this circle is 5 cmaway from

point A. A' B
EF

sucircumference
The circumference of a circle is the distance around the circle. If a circle has radius r units, its
circumference is 2zr units.

For example, a circle has a radius of 3 inches. Its circumference is 2 + x « 3, or 6z inches. This
Is about 18.85 inches.

+ constant of proportionality

Glossary @ 281



In a proportional relationship, the values for one quantity are each multiplied by the same
number to get the values for the other quantity. This number is called the constant of

proportionality.

In this example, the constant of

number of oranges
proportionality is 3.

number of apples

2 6
7

3 9
/

5 15
T

+ coordinate plane

The coordinate plane is one way to represent pairs of numbers. The plane is made of a

horizontal number line and a vertical number line that cross at0.

Pairs of numbers can be used to describe y

the location of a point in the coordinate 4

plane. 3

Point R is located at (3, -2). This means R is T

3 units to the right and 2 units down from o

(0,0). 4 B D -1{? 1 2 3 4«
R

|
N

1
w

N

+ corresponding

Corresponding parts.are.the parts that match up between a figure and its scaled copy. They
have the same relative position. Points, segments, angles, or distances can be corresponding.

Point B in thefirsttriangle corresponds to

A C D F
point E in the seeond triangle. Segment AC
cofresponds to segment DF.
B
E

« diameter
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A diameter is a line segment that goes from one point on a circle to
another and passes through the center. The length of this segment is
also called the diameter. Every diameter of a circle is the same
length.

equivalent ratios

Two ratios are equivalent if each of the numbers in the first ratio can be multiplied by the
same factor to get the numbers in the second ratio. For example, 8 : 6 is equivalentto 4 : 3,
because 8 - % =4and6 - % = 3.

A recipe for lemonade says to use 8 cups of
water and 6 lemons. If 4 cups of water and 3 cups.of water | number of lemons
lemons are used, it will make half as much
lemonade. Both recipes taste the same, 8 6
because 8 : 6 and 4 : 3 are equivalent ratios.

4 3

origin

The origin is the point (0, 0) in the coordinate A
plane. This is where the horizontal axis and
the vertical axis cross. The arigin is
sometimes marked with the symbol ©. (0,0)
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There is a proportional relationship between the diameter
and circumference of any circle. The constant of
proportionality is pi. The symbol for pi is 7.

This relationship can be represented with the equation

C = nd, where C represents the circumference and d
represents the diameter. In the graph, pi can be seen as the
value of C when the value of dis 1.

N W RN Uy 0 VN

N

Some approximations for & are % 3.14, and 3.14159.

)
N
w

Q

+ proportional relationship
In a proportional relationship, the values for one quantity are
each multiplied by the same number to get the values for the s p
other quantity.

This table shows a proportional relationship between s and
p. Each value of pis 4 times a value of s. This relationship can 3 12
be written as p = 4s.

10 40

* radius
Aradius is a line segment that goes from the center of a
circle to any point en'the circle. The length of this segment is
also called the radius. Every radius of a circle is the same
length.

For example, r.is therradius of this circle with center O.

* reciprocal
fwe numbers that multiply to equal 1 are reciprocals.

o/ 8 and % are reciprocals because 8 - % =1.

° % is a reciprocal of% because % . % =1.
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*+ scale
A scale tells how the measurements in a scale drawing represent the actual measurements.

The scale on this floor plan tells us that 1 inch on the drawing
represents 8 feet in the actual room. This means that 2
inches represent 16 feet, and % inch represents 4 feet.

+ scale drawing
A scale drawing represents an actual place or object. All the measdurements in the drawing
correspond to the measurements of the actual object by the same scale.

* scale factor
To create a scaled copy of a figure, all the side lengths in the original figure are multiplied by
the same number. This number is called the séale factor.

In this example, the scale factor is 1.5, A 6 C D 9 F

because 4 - (1.5) = 655+ (l.5) =.5,and
6-(1.5)=09. 4 5
6 7.5

+ scaled.copy
A scaled copy is a copy of a figure where every side length in the original figure is multiplied
by.the sameanumber.

Triangle DEF is a scaled copy of triangle ABC. Each side length on triangle ABC is
multiplied by 1.5 to get the corresponding side length on triangle DEF'.
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A6 ¢ D 9 F
4 5
\/ 6 7.5
B
E
+ squared

The word squared means “to the second power.” This is because a square with sic

has an area of s « s, or s2.
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California Common Core State Standards
for Mathematics (CA CCSSM) References

7.EE: Grade 7 - Expressions and Equations

Use properties of operations to generate equivalent expressions.

7.EEA1
Apply properties of operations as strategies to add, subtract, factor, and expand linear expressions with rational
coefficients.

7.EE.2
Understand that rewriting an expression in different forms in a problem context can shed light on the problem and how

the quantities in it are related. For example, a + 0.05a = 1.05a means that “increase by 5%" is the/same as “multiply by
1.05."

Solve real-life and mathematical problems using numerical and algebraic expressions and equations.

7.EE.3

Solve multi-step real-life and mathematical problems posed with positive and negative rational numbers in any form
(whole numbers, fractions, and decimals), using tools strategically. Apply properties of operations to calculate with
numbers in any form; convert between forms as appropriate; and assess the reasonableness of answers using mental
computation and estimation strategies.

7.EE4
Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

7.EE.4a

Solve word problems leading to equations of the form’px + g = r and p(x + q) = r, where p, g, and r are specific
rational numbers. Solve equations of these forms fluently. Compare an algebraic solution to an arithmetic solution,
identifying the sequence ofithe operations used'in each approach. For example, the perimeter of a rectangle is 54 cm.
Its length is 6 cm. What is its width?

7.EE.4b
Solve word problems'leading to inequalities of the form px + g > r or px + g < r, where p, g, and r are specific rational
numbers. Graph the solution set of the inequality and interpret it in the context of the problem. $

7.G: Grade 7 - Geometry

Draw, construct, and describe geometrical figures and describe the relationships between them.

7.G.1
Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale
drawing and reproducing a scale drawing at a different scale.
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7.G.2

Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given conditions. Focus on
constructing triangles from three measures of angles or sides, noticing when the conditions determine a unique
triangle, more than one triangle, or no triangle.

7.G.3
Describe the two-dimensional figures that result from slicing three-dimensional figures, as in plane sections of right
rectangular prisms and right rectangular pyramids.

Solve real-life and mathematical problems involving angle measure, area, surface area, and volume.

7.G4
Know the formulas for the area and circumference of a circle and use them to solve problems; give an informal
derivation of the relationship between the circumference and area of a circle.

7.G.5
Use facts about supplementary, complementary, vertical, and adjacent angles in a multi-step problem to write and solve
simple equations for an unknown angle in a figure.

7.G.6
Solve real-world and mathematical problems involving area, volume and surface area of two- andthree-dimensional
objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms.

7.NS: Grade 7 - The Number System

Apply and extend previous understandings of operations with fractions to add, subtract, multiply, and divide
rational numbers.

7.NS.1
Apply and extend previous understandings of addition and subtraction to add and subtract rational numbers; represent
addition and subtraction on a horizontal or vertical number linediagram.

7.NS.1a
Describe situations in which opposite quantities combineto make 0. For example, a hydrogen atom has 0 charge
because its two constituents are oppositely charged.

7.NS.1b

Understand p + ¢ as the number located a distance |g| from p, in the positive or negative direction depending on
whether g is positive or negative. Show that a number and its opposite have a sum of 0 (are additive inverses). Interpret
sums of rational nambers,by describing real-world contexts.

7.NS.1c

Understandisubtraction of rational numbers as adding the additive inverse, p — ¢ = p + (—¢q). Show that the distance
between two rational,numbers on the number line is the absolute value of their difference, and apply this principle in
real-world'contexts.

7.NS.1d
Apply properties of operations as strategies to add and subtract rational numbers.

7.NS.2
Apply and extend previous understandings of multiplication and division and of fractions to multiply and divide rational
numbers.
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7.NS.2a

Understand that multiplication is extended from fractions to rational numbers by requiring that operations continue to
satisfy the properties of operations, particularly the distributive property, leading to products such as (—1)(—1) = 1 and
the rules for multiplying signed numbers. Interpret products of rational numbers by describing real-world contexts.

7.NS.2b

Understand that integers can be divided, provided that the divisor is not zero, and every quotient of integers (with non-
zero divisor) is a rational number. If p and g are integers, then —(p/q) = (—p)/q = p/(—q). Interpret quotients of rational
numbers by describing real-world contexts.

7.NS.2c
Apply properties of operations as strategies to multiply and divide rational numbers.

7.NS.2d
Convert a rational number to a decimal using long division; know that the decimal form of a rational number terminates
in Os or eventually repeats.

7.NS.3
Solve real-world and mathematical problems involving the four operations with rational numbers.Computations with
rational numbers extend the rules for manipulating fractions to complex fractions.

7.RP: Grade 7 - Ratios and Proportional Relationships

Analyze proportional relationships and use them to solve real-world and mathematical problems.

7.RP.A1
Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured
in like or different units. For example, if a person walks 1/2‘mile in each 1/4 hour, compute the unit rate as the complex

fraction % miles per hour, equivalently 2 miles per hour.

7.RP.2
Recognize and represent proportional relationships between quantities.

7.RP.2a
Decide whether two quantities are in a proportional relationship, e.g., by testing for equivalent ratios in a table or
graphing on a coordinate‘plane and.observing whether the graph is a straight line through the origin.

7.RP.2b
Identify the constant'of proportionality (unit rate) in tables, graphs, equations, diagrams, and verbal descriptions of
proportional relationships.

7.RP.2c
Represent proportional relationships by equations. For example, if total cost ¢ is proportional to the number n of items
purchased at a constant price p, the relationship between the total cost and the number of items can be expressed as
t = pn.

7.RP.2d
Explain what a point (x, y) on the graph of a proportional relationship means in terms of the situation, with special
attention to the points (0, 0) and (1, r) where r is the unit rate.

7.RP.3
Use proportional relationships to solve multistep ratio and percent problems. Examples: simple interest, tax, markups
and markdowns, gratuities and commissions, fees, percent increase and decrease, percent error.
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7.SP: Grade 7 - Statistics and Probability

Use random sampling to draw inferences about a population.

7.SP.1

Understand that statistics can be used to gain information about a population by examining a sample of the population;
generalizations about a population from a sample are valid only if the sample is representative of that population.
Understand that random sampling tends to produce representative samples and support valid inferences.

7.5P.2

Use data from a random sample to draw inferences about a population with an unknown characteristic of interest.
Generate multiple samples (or simulated samples) of the same size to gauge the variation in estimates or/predictions.
For example, estimate the mean word length in a book by randomly sampling words from the book; predict the winner
of a school election based on randomly sampled survey data. Gauge how far off the estimate or prediction might be.

Draw informal comparative inferences about two populations.

7.5P.3

Informally assess the degree of visual overlap of two numerical data distributions with'similar variabilitieS, measuring
the difference between the centers by expressing it as a multiple of a measure of variability. For example, the mean
height of players on the basketball team is 10 cm greater than the mean height of players on the soccer team, about
twice the variability (mean absolute deviation) on either team; on a dot plot, the separation between the two
distributions of heights is noticeable.

7.5P.4

Use measures of center and measures of variability for numerical data from random samples to draw informal
comparative inferences about two populations. For example/decide whether the words in a chapter of a seventh-grade
science book are generally longer than the words in a chapter of a fourth-grade science book.

Investigate chance processes and develop, use, and evaluate probability models.

7.SP.5

Understand that the probability of a chance:event is anumberbetween 0 and 1 that expresses the likelihood of the
event occurring. Larger numbers indicate greater likelihood: A probability near 0 indicates an unlikely event, a
probability around 1/2 indicates an€vent that is neither unlikely nor likely, and a probability near 1 indicates a likely
event.

7.5P.6

Approximate the probability of a chance event by collecting data on the chance process that produces it and observing
its long-run relative frequency, and predict the approximate relative frequency given the probability. For example, when
rolling a number cube 600 times, predict that a 3 or 6 would be rolled roughly 200 times, but probably not exactly 200
times.

7.SP.7
Develop a probability model'and use it to find probabilities of events. Compare probabilities from a model to observed
frequencies; if the agreement is not good, explain possible sources of the discrepancy.

7:SP.7a

Develop a uniform probability model by assigning equal probability to all outcomes, and use the model to determine
probabilities of events. For example, if a student is selected at random from a class, find the probability that Jane will be
selected and the probability that a girl will be selected.
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7.SP.7b

Develop a probability model (which may not be uniform) by observing frequencies in data generated from a chance
process. For example, find the approximate probability that a spinning penny will land heads up or that a tossed paper
cup will land open-end down. Do the outcomes for the spinning penny appear to be equally likely based on the
observed frequencies?

7.5P.8
Find probabilities of compound events using organized lists, tables, tree diagrams, and simulation.

7.SP.8a
Understand that, just as with simple events, the probability of a compound event is the fraction of o
sample space for which the compound event occurs.

7.SP.8b
Represent sample spaces for compound events using methods such as organized lists, tables an agrams. For an
event described in everyday language (e.g., “rolling double sixes"), identify the outcome ace which

compose the event.

7.SP.8c
Design and use a simulation to generate frequencies for compound events. For exa
simulation tool to approximate the answer to the question: If 40% of do e typ hat is the probability

that it will take at least 4 donors to find one with type A blood?
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California Common Core State Standards for
Mathematics Standards for Mathematical Practice

These practices rest on important “processes and proficiencies” with longstanding importance in mathematics
education. The first of these are the NCTM process standards of problem solving, reasoning and proof,
communication, representation, and connections. The second are the strands of mathematical proficiency/specified
in the National Research Council's report Adding It Up: adaptive reasoning, strategic competence, conceptual
understanding (comprehension of mathematical concepts, operations and relations), procedural fluency. (skill in
carrying out procedures flexibly, accurately, efficiently and appropriately), and productive disposition (habitual
inclination to see mathematics as sensible, useful, and worthwhile, coupled with a belief in diligence and one’'s own
efficacy).

MP1. Make sense of problems and persevere in solving them.

Mathematically proficient students start by explaining to themselves the meaning of a problem and looking for entry
points to its solution. They analyze givens, constraints, relationships, and goals. They make conjectures about the form
and meaning of the solution and plan a solution pathway rather than simply jumpinginto a solution attempt. They
consider analogous problems, and try special cases and simpler forms ofthe original problemin order to gain insight
into its solution. They monitor and evaluate their progress and change'course if necessary. Older students might,
depending on the context of the problem, transform algebraic expressions or change the viewing window on their
graphing calculator to get the information they need. Mathematically proficient students can explain correspondences
between equations, verbal descriptions, tables, and graphs or draw diagrams of important features and relationships,
graph data, and search for regularity or trends. Younger students might rely.on using concrete objects or pictures to
help conceptualize and solve a problem. Mathematically‘proficient students check their answers to problems using a
different method, and they continually ask themselves, “Does this make sense?” They can understand the approaches
of others to solving complex problems and identify correspondences between different approaches.

MP2. Reason abstractly and quantitatively.

Mathematically proficient students make sense of quantitiesiand their relationships in problem situations. They bring
two complementary abilities to bear on problems involving quantitative relationships: the ability to decontextualize—
to abstract a given situation and represent it.symbolically and manipulate the representing symbols as if they have a
life of their own, without necessarily attending to their referents—and the ability to contextualize, to pause as needed
during the manipulation process in order to probe into the referents for the symbols involved. Quantitative reasoning
entails habits of creating a coherent representation of the problem at hand; considering the units involved; attending
to the meaning of quantities, not just how to compute them; and knowing and flexibly using different properties of
operations and objects.

MP3. Construct viable arguments and critique the reasoning of others.

Mathematicallyproficient students understand and use stated assumptions, definitions, and previously established
results in constructingrarguments. They make conjectures and build a logical progression of statements to explore
the truth of their conjectures. They are able to analyze situations by breaking them into cases, and can recognize and
usecounterexamples. They justify their conclusions, communicate them to others, and respond to the arguments

of others. They reason inductively about data, making plausible arguments that take into account the context from
which the/data arose. Mathematically proficient students are also able to compare the effectiveness of two plausible
arguments, distinguish correct logic or reasoning from that which is flawed, and—if there is a flaw in an argument—
explain what it is. Elementary students can construct arguments using concrete referents such as objects, drawings,
diagrams, and actions. Such arguments can make sense and be correct, even though they are not generalized or
made formal until later grades. Later, students learn to determine domains to which an argument applies. Students at
all grades can listen to or read the arguments of others, decide whether they make sense, and ask useful questions to
clarify or improve the arguments.

¢ Students build proofs by induction and proofs by contradiction. CA 3.1 (for higher mathematics only).
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MP4. Model with mathematics.

Mathematically proficient students can apply the mathematics they know to solve problems arising in everyday life,
society, and the workplace. In early grades, this might be as simple as writing an addition equation to describe a
situation. In middle grades, a student might apply proportional reasoning to plan a school event or analyze a problem
in the community. By high school, a student might use geometry to solve a design problem or use a function to
describe how one quantity of interest depends on another. Mathematically proficient students who can apply what
they know are comfortable making assumptions and approximations to simplify a complicated situation, realizing
that these may need revision later. They are able to identify important quantities in a practical situation and.map. their
relationships using such tools as diagrams, two-way tables, graphs, flowcharts and formulas. They can analyze those
relationships mathematically to draw conclusions. They routinely interpret their mathematical results.in the context
of the situation and reflect on whether the results make sense, possibly improving the model if it has not.served its
purpose.

MP5. Use appropriate tools strategically.

Mathematically proficient students consider the available tools when solving a mathematical problem. These tools
might include pencil and paper, concrete models, a ruler, a protractor, a calculator, a spreadsheet, a computer algebra
system, a statistical package, or dynamic geometry software. Proficient students.are sufficiently familiar with tools
appropriate for their grade or course to make sound decisions about when each of these tools'might be helpful,
recognizing both the insight to be gained and their limitations. For example,/mathematicallysproficient high school
students analyze graphs of functions and solutions generated using a graphing calculator. They detect possible errors
by strategically using estimation and other mathematical knowledge. When making mathematical models, they know
that technology can enable them to visualize the results of varying assumptions, expleré consequences, and compare
predictions with data. Mathematically proficient students at various grade levels are able to identify relevant external
mathematical resources, such as digital content located on aiwebsite, and use them to pose or solve problems. They
are able to use technological tools to explore and deependtheir understanding of concepts.

MP6. Attend to precision.

Mathematically proficient students try to communicate precisely to others. They try to use clear definitions in
discussion with others and in their own reasening. They state the meaning of the symbols they choose, including
using the equal sign consistently and appropriately. They are careful about specifying units of measure, and labeling
axes to clarify the correspondence with-quantities.ina problém. They calculate accurately and efficiently, express
numerical answers with a degree of precision appropriate for the problem context. In the elementary grades, students
give carefully formulated explanations to each other. By the time they reach high school they have learned to examine
claims and make explicit use of definitions:

MP7. Look for and make use of structure.

Mathematically proficient students look closely to discern a pattern or structure. Young students, for example,

might notice thatthree and seven more is the same amount as seven and three more, or they may sort a collection
of shapes according to-how.many sides the shapes have. Later, students will see 7 x 8 equals the well-remembered

7 x5+ 7 x 3, in preparation forlearning about the distributive property. In the expression x? + 9x + 14, older students
can see the 14 as 2 x 7:and the 9 as 2 + 7. They recognize the significance of an existing line in a geometric figure and
can use thestrategy of drawing an auxiliary line for solving problems. They also can step back for an overview and
shift perspective. They'can see complicated things, such as some algebraic expressions, as single objects or as being
composed of several objects. For example, they can see 5 - 3(x - y)?> as 5 minus a positive number times a square and
use that to realize that its value cannot be more than 5 for any real numbers x and y.
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MP8. Look for and express regularity in repeated reasoning.

Mathematically proficient students notice if calculations are repeated, and look both for general methods and

for shortcuts. Upper elementary students might notice when dividing 25 by 11 that they are repeating the same
calculations over and over again, and conclude they have a repeating decimal. By paying attention to the calculation
of slope as they repeatedly check whether points are on the line through (1, 2) with slope 3, middle school students
might abstract the equation (y - 2)/(x - 1) = 3. Noticing the regularity in the way terms cancel when expanding.(x - 1)
x+1), x=-1x*+x+1),and (x - 1)+ x2 + x + 1) might lead them to the general formula for the sum of a geometric
series. As they work to solve a problem, mathematically proficient students maintain oversight of the process, while
attending to the details. They continually evaluate the reasonableness of their intermediate resultst

Connecting the Mathematical Practices to the Standards for Mathematical Content

The Standards for Mathematical Practice describe ways in which developing student practitioners of the discipline
of mathematics increasingly ought to engage with the subject matter as they grow inmathematical maturity and
expertise throughout the elementary, middle and high school years. Designers of cdrricula, assessments, and
professional development should all attend to the need to connect the mathematical practices to mathematical
content in mathematics instruction.
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