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What You'll Learn
ccom the lesson. Write the Aefinitions of linear velationships
and coustomt rate of chamge. Sample answers:

, Relationships that have straight-line graphs are called linear

e e —

Music Marcus can download two songs from the Internet each
minute. This is shown in the table below.

.Tlmelminutsl,x |
NumberofSongs,yl‘ 0o 2 4

1. Compare the change in the number of songs y to the
change in time x. What is the rate of change?

2. Graph the ordered pairs from the table on the graph shown. Label
the axes. Then describe the pattern shown on the graph.
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WHY are graphs helpful?

Vocab

@ Vocabulary ;

linear relationship
constant rate of change

| Tommun Core
|\ State Standards

Content Standards
Preparation for 8.EES

Mathematical Practices
1,3,4,5

e; | Essential Question

e ,v-,.—.qM 3

Skills Trace

Focus
Objective Identify proportional and nonproportional linear
relationships by finding a constant rate of change.

Coherence

Now

Students use tables and
graphs to find the rate
of change in alinear to the slope of a lin
relationship.

Students will relate

3 constant rate of change

i P _.:‘l}i;
.
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) )| Building on the Essential Question

At the end of the lesson, students should be able to answer
“How can you use a table to determine if there is a
proportional relationship between two quantities?”

EncAGE ExpLore Exprain  ELABORAT

Launch the I.eSson

Ideas for Use
You may wish to launch the lesson using a whole group, small
group, think-pair-share activity, or independent activity.

[

.1 their solution to Exercise 1. Then have them discuss
their responses with a partner. Have them work alone to
complete Exercise 2. Have them trade papers with a partner
and each partner checks the other’s graph and answer. Then
have them discuss and resolve any differences.

-~ @ Think-Pair-Solo Have students think through

Alternate Strategies
@ Have students explain the pattern shown in the table.

@ Have them extend the pattern in the table for 10,11, 12,
13, 14, and 15 minutes and confirm the rate of change.

Lesson 1 Constant Rate of Change 171




ExpLain  EraponraTte

IE Teach the Conceﬁi:

Ask the scaffolded questions for each example to differentiate
instruction.

NGAGE ExpLORE

IWB

» s the balance i mcreasmg as the transactions increase, or
decreasing? de

* As the number of transactions mcreases by 3 what
happens to the balance? It decre

@ - How do you determine rf the relatronsh:p between two
quantities is linear? ift t

l" rate of

e How do you find the constant rate of change, if it
exists? Find the change in I

o - How could you find the balance after 5 transacrons?
e ] 10 per

1 i - -
the balance pe

R ca tha rat
answer: because the <

* Find the balance after 11 transactions. $90

» If you were to graph this relationship, what would the
graph look like? Sample answer: a line sloping down from
left to right

Need Another Example?

The amount a bab_ysitter charges is I e Charge
shown. Is th- relationship between oy — 10
the number of hours and the amount 1 >

charged linear? If so, find the constant 2 $18

rate of change. If not, explain your 3 $26

reasoning. yes; The constant rate of
4 $34

. 8 .
change is 70 o $8 per hour.

20
10

the same as the ra

86 —90
15— |0
or —0.8°F per mi
the relationship is
not linear

15 min,

A,

Y. Yes; the rate of

~—pervolunteer.

—1°F per min, is not

of change from 10 to

change is —2.5 min

elatioships

Relationships that have straight-line graphs, like the one on the
previous page, are called linear relationships. Notice that as the
numberxof songs increases by 2, the time in minutes increases by 1.

+2 42 42 +2
NN N N ” Rate of Change
' NumberofSongs,y| 0 | 2 | 4 | &6 I 8 | T = 2 songs per minute
Time (minutesh,x | 0 | 1 | 2 | 3 { 4 |
o \_./‘\_)‘\J\_./‘

+1 +1

The rate of change between any two points in a linear relationship is the

+1

same or constant. A linear relationship has a constant rate of change.

1. Thebalancein an account after several transactions is shown.
Is the relationship between the balance and number of

transactions linear? If so, fin
If not, explain your reasonin

[ Numberof | Balance
Transactions  ($)

a1 3 | 170
.ﬂc 5 e
9 110

) -30

d the constant rate of change.
g.

As the number of transactions
increases by 3, the balance in
the account decreases by $30,

)
) =30

Since the rate of change is constant, this is a linear relationship.

The constant rate of change is

% or —$10 per transaction.

This means that each transaction involved a $10 withdrawal.

Got I+7 Do these problems to find out.

 Time (min) | Temperature (*F)

5 95

10 90
i 15 86
‘"5‘0—'"“‘ 82 T
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__EXpressions and Equations

IWB |

@tample R

2. Identify proportional linear relationships.
@D - whatis a linear relationship? a relationship that has
a constant rate of change
k * What is a proportional finear relationship? a relationship
that has a constant rate of change and the ratios between
the two pairs of quantities are the same

@ - What are two methods you could use to determine if a |
proportional linear relationship exists? Make a table or

Two quantities a and b have a Proportional linear relationship
if they have a constant ratio and a constant rate of change.
changein b

— s constant,
changeina

Symbols % is constant and

S To determine if two quantities are proportional, compare the ratiog

for several pairs of points to determine if there is a constant ratio, make a graph.

A ol W

(€ Example Sy, 75

answer: The degrees Fahrenheit increases by 9 for every 5

degree increase in degrees Celsius. The rate of changeis g.

§

i

i * Is there a constant rate of change? Explain, yes; Sample
i

{

{

i

|

|

ional
| 2. Usethe table to determine if there is a proportional linear ::IJ:;;:::;;S e Does this represent a linear relation Shfp 2 yes
oy relationship between a temperature in degrees Fahrenheit and o i , i ’
| Hes ar i
a temperature in degrees Celsius. Explain your reasoning. 2 - et ; * Are the ratios of degrees Fahrenheit to degrees Celsius the
[{Eraeten Rt e same? no
+5 45 45 45 N 1] constant ratio, : ; .
e _FC_\%CI?«CIE ‘;’;’c ::ng: e e —= B * Does this represent q proportional relationship? no
- - EERBEER | . ) o g U
Degrees Fahrenheit | 3 | ‘”T 50 | 59 e8| changeinF _ o | . )'-'fow does the graph tﬁfjsrrate that this r.elatrons_hfp is
R A AR changein°C ~ 5 | _ linear, but not proportional? -The graph is a straight line
Raiie. , (linear), but it does not pass through the origin (not
Since the rate of change is constant, this is a linear relationship. { ‘ proportional).

To determine if the two scales are proportional, express the

€ - which you rather use a table or a graph to determine
relationship between the degrees for several columns as a ratio.

proportionality? Explain. Sample answer: Using a graph is

|
degrees Fahrenheit 41 50 59 | . ) d
degreesCelsius ~ 5 02 jp=5 2 =39 ! more visual, but | need to use graph paper or a grid. Using a
Since the ratios are not the same, the relationship between | table is not as visual, but | don't need any materials to create
degrees Fahrenheit degrees Celsjus is not proportional. : a table,
Chedc;_ Graph the points on the 0 ] .E'! 3‘ Need Another Example? f
tc::r:\dm:aeapliian:&men conned g == ! T2 | Use the table to determine if there is a proportional linear q
4 £ i . .
) i g% ! relationship between the speed (meters per second) and the |
; . :Zfr;(;::;:Eigatrh?:;a,at';;nShip E 50 [ | _ time since a ball has been dropped. Explain your reasoning. l‘
is linear. v g i | yes; The ratio of speed to time is a constant 9.8, so the relationship is il
@
(=]

The line connecting the points proportional.

i1

M does not pass through the origin i
— so the relationship is not 0 5 10 15 2 |
" {

proportional. Celsius i
|

|

|

i

Speed (m/s)

| Time (s)_
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GAGE ExpLore EXPLAIN ELABORATE

Efeach the I:oncethw

Ask the scaffolded questions for each example to differentiate
instruction.
IWB

1. identify linear relationships.

« Is the balance increasing as the transactions increase, or
decreasing? decreasing

e As the number of transactions increases by 3, what
happens to the balance? It de

reases by $30.
€ - How do you determine if the relationship between two
quantities is linear? if the rate of chan ant
« How do you find the
exists? Find the ch
€ - How could you find the

inswer:

constant rate of change, if it

ange Ii b:
change Ir s

ance pere transaction.

balance after 5

2 the rate ol

transactons?

10

< on,a
\fter 5 transactions, 514

e Find the balance after 11 transactions. 590

« Ifyou were to graph this relationship, what would the
graph look like? Sample answer: a line sloping down from

left to right

Need Another Example?

The amount a babysitter charges is
shown. Is th- relationship between
the number of hours and the amount
charged linear? If so, find the constant 2 518
rate of change. If not, explain your 3 626

_ Hours | Charge
1 510

,
S
-5
N
[+Y
N

reasoning. yes; The constant rate of
4 $34 |

. 8 .
change is 7+ Of $8 per hour.

172 Chapter 3 Equations in Two Variables

No;.th

change
=~ . g =

10 min, ".Oo
—1°Fperr
the same-as
of change fr:
86 —
1

15 min,

the relationship is

a, not linear

v Yes; the rate of
change is —2.5 min
—per volunteet:

linearRelationships} e

§
i
|

Relationships that have straight-line graphs, like the one on the

previous page, are called linear relationships. Notice that as the

numberxof songs increases by 2, the time in minutes increases by 1.
+2 42 +2 +2

, NN

illumbero‘fSongs.y DIZ 416 B|

Rate of Change
% = 2 songs per minute

Time (minutes),x | 0 | 1| 2|3 |4 l
' AL
+1 +1 +1 +H

The rate of change between any two pointsin a linear relationship is the
same or constant. A linear relationship has a constant rate of change.

4. Thebalance in an account after several transactions is shown.
Is the relationship between the balance and number of
transactions linear? If so, find the constant rate of change.

If not, explain your reasoning.

—Numbe-rnf | Balance
| Transactions J}_

=]
‘! 3 170
3(| 1 = 1)=30 As the number of transactions
) “,,, 6 b 140 =2 increases by 3, the balance in
1( — — l) == the account decreases by $30.
\ 9 1m0 |
25
CI 12 80 1‘

since the rate of change is constant, this is a linear relationship.
The constant rate of change is %30(“ —$10 per transaction.
This means that each transaction involved a $10 withdrawal.

Got 1+7 Do these problems to find out.

a. b. s 1Y |
E
E 60
£
E 40
0 8 16 24 32
Number of Volunteers
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Formative Assessment Use these exercises t0 assess students’
understanding of the concepts in this lesson.

¢ (@ Teammates Consult Have students work in small
groups to discuss Exercise 1 with Student 1 leading the
discussion. When everyone on the team has contributed and

a solution is agreed upon, have all students record their answer
in their textbooks. Repeat the process for Exercise 2 with
student 2 leading the discussion, and so on.

Trade-a-Problem Have students create their own
real-world problem involving a constant rate of change. Have
them trade their problems with a partner. Each partner
generates a list of ordered pairs that represent the problem
and graph themona coordinate plane. Have them use the

graph to verify whether the relationship demonstrates a ? 2.

constant rate of change. Then have them use the graph to
determine whether the relationship is proportional. Have them

justify their response.

Watch Out!

Common Error Students may have trouble determining if
a relationship is proportional. Have students write the ratio
in words to compare the quantities. They should make sure
they compare the two quantities in the same order and

It is a proportional

" " . e e S R
E’Eﬂfl_at_m_“ihlp- c. Use the table to determine if  Weight (1b) LELW 60| 0
— 2——‘—-7

The ratio of mass to

~ If some of your students are not ready for s 1 o

\ . . - - el is a constan i i

. assignments, use the differentiated activities below. e relationship between Mmass G o
20° the rate of object in kilograms and the weight
changeisa Gl of the object in pounds. Explain your reasoning.

constant —ZE.

1. The amount of painty needed to paint a certain amount of chairs x is

" of chalrsfor each

. Determine whether a proportional relationship exists between the two

Got I+7 Do this problem to find out.

there is a proportional linear [ | i
| Mass(kg) | 9 | 18|27 36|

shown in the table. Is the relationship between the two quantities
linear? If so, find the constant rate of change. If not, explain your
reasoning. (Example1)
Yes; the rate of change between total cans of paint and number
number of chairsisa constant % or 1% cans

per chair.

The altitude y of a certain airplane aftera certain number of
minutes x is shown in the graph. Is the relationship linear?

If so, find the constant rate of change. If not, explain your
reasoning. (Bamplel)

yes; —250 ft/min or a decrease of 250 feet each minute

Altitude (ft)

Time (min)

quantities shown in Exercise 1. Explain your reasoning. (Bample2)
Yes; the ratio of cans of paint to number of chairs is a constant
11? cans of paint per chair so the relationship is proportional.
The rate of changeis a constant 113 cans of paint per chair so

the relationsip is linear.

Rate Yourself!
Ave you veady to move ow?
Shade the section that applies.

)

For more help, go online to
access a Personal Tutor.

Building on the Essential Question How can you use
a table to determine if there is a proportional relationship

between two quantities? sample answer: You can write

the ratio % for each pair of points in the table to

determine if a c_onstant ratio exists.

CONENER MR 3 BT

Tutor
=)

that they do not invert any ratios.




Expressions and Equations

Encace Explore ExpLaiN  ELABORATE EVALUATE

Practice and Apply

Independent Practice and Extra Practice a
The Independent Practice pages are meant to be used as the |
homework assignment. The Extra Practice page can be used for
additional reinforcement or as a second-day assignment.

Determine whether the relationship between the two quantities shown in
each table or graph is linear. If so, find the constant rate of change. If not,
explain your reasoning. (Bample1)

E .
 EEEREEER loi@ | 2 | + |6 |8 Levels of Complexity
! — - Vinegar 3 .1 51 The levels of the exercises progress from 1 to 3, with Level 1
— 5 5 Distance : ] @ s | Tl %] ? l 9
o W (m) 7| e 1 il | B L L BB indicating the lowest level of complexity.
[RA 1 ottt I . .
o) oSl 2% 5 No; the rate of change from Yes; the rate of cha|_1£ew 5
12 % T = T T Exercises
e e Y | 1102 seconds, 14.7 ms, isnot | between vinegar anc 0770f
: : the same as the rate each cup of oilis a 1-9,14-16 10,17-21 1-13
Yes; the rate of change - T = '7'3 P o - ]
o B d """ 2 of change from 2 to 3 constant & cup vinegar per Level 3 ® ®
I_’ft!‘f?eimﬁa'_"___ Hme seconds, 24.5 m/s, so the rate cup of oil.
for each hour is a constant of change is not constant. Level 2 v >
M— l
Level 1 ® ®
4., 151 £ o 2 6. ol ¥
g %
gaT 3 Suggested Assignments
=) 2 5 .
300 g o You can use the table below that includes exercises of all
H 1 X complexity levels to select appropriate exercises for your
0 24681012 0 2 4 6 ‘ 0 5 10095 d , d
Time (min) Mab Distance lin.) Number of People students needs.
Yes; the rate of change Yes; the rate of change Yes; the rate of change )
between water level and between the actual distance |  between the total cost and Differentiated Homework Options
time for each minuteisa_ | and the map distance for the number of people is a_ @™ | Approaching Level | 1-9,12,13,20,21
constant 2 in./min. each inch on the map is a constant $15/person. |
congtatZ Yy .| SREERERST maplEm | O € | OonlLevel 1-9.0dd, 10,12, 13,20, 21
constant 7.5 mi/in. R
i
€ | Beyond Level 10-13,20, 21
—_—t

Determine whether a proportional relationship exists between the two
quantities shown in the following Exercises. Explain your reasoning.

(Example 2)
7. Exercise 1 8. Exercise 3 | 9. Exercise 5 l
Yesitheratioofthe Yesitheratioof vinegarto | Yesjtheratioofactual
costtotimeisa constant | oilisaconstant geup distance to map distance is
i Scperhousothe | vinegarpercup of il sothe a constant 2 milesper_
Eé relationship is _prggp;ti_qngl_. fglat_jt_onship is proportional. inch, so the relationship is
EE . pro-;;ortiénai;
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1 Make sense of problems and persevere in 1
solving them.

2 Reason abstractly and quantitatively. 17,18,19

3 Construct viable arguments and critique the 13
reasoning of others.

4 Model with mathematics. 12

5 Use appropriate tools strategically. 10

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving,
to express their reasoning, and apply mathematics to real-
world situations.

Formative Assessment
Use this activity as a closing formative assessment before

dismissing students from your class.

TICKET

Qut the Door

Have students give a real-world example of a relationship
that has a constant rate of change. Sample answer: the
distance traveled at a constant speed

10. \'.\l‘,f&) Use Math Tools Match each table with its rate of change.

{ 2.4 BH/wmin ;}

{ 10 £4/win
‘ )

)
; —0.8 Bt/win

{
\ J

Time (minutes) .20 0 30 @ 40

Altitude (feet) 170 | 162 | 154

Time (minutes) =] 1 f 2 =
Distance (feet) 20 30 4w |

Time(mimz!tes) 47' 6 | 8

Height (feet) 1115 2

(™ omem | Tama ] 5 |5
0.25 Bt/win i e -t
) Depthifeet) | 12| 24 | 3%

| |
|

H.O.T. Problems Higher Order Thinking

11. @,‘ Persevere with Problems A dog starts walking, slows down, y
and then sits down to rest. Sketch a graph of the situation to
represent the different rates of change. Label the x-axis
“Time"” and the y-axis "Distance”. Sample answer:

Distance

N
12. 688% Model with Mathematics Describe a situation with two
quantities that have a proportional linear relationship.

Sample answer: Josiah can read at a constant rate of

Time
1.5 pages per minute. The number of pages read and o
the amount of time in minutes is proportional.
e
13. QE,SJSF Justify Conclusions Each table shows a relationship with a constant

rate of change. Is each relationship proportional? Justify your reasoning.
a. Cost of Play Tickets ($) . b. Cost of Play Tickets ($)

t 1 2 3 4 tl 1 2 3 4

¢ 350 400 450 @ 500 ¢ 250 500 | 750 | 10.00

no; Sample answer: 3‘1& + -'11299« yes; Sample answer: _2;15_0 = 5'20 = —7-1;52
o e » T E

4

e - o WA
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