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Linear and Inverse Variation

How is the thickness

of a steel beam or bridge
related to its strength?
How is the length of a
beam or bridge related
to its strength?

The equation

¢ =4 + 0.10t gives
the charge c in dollars
for renting a paddle
boat for t minutes.
For how long can you
rent a paddle boat if
you have $12?

The cost for a group of students
to go on an overnight field trip
to a nature center is $750.
Describe the shape of a

graph relating the number

of students to the cost

per student.
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In earlier Connected Mathematics
units, you explored relationships
between variables. You learned to
recognize linear relationships from
patterns in tables and graphs and to

write equations for such relationships.

You then used the equations to help
you solve problems. As you work
through the investigations in this
unit, you will enhance your skill in
recognizing and analyzing linear
relationships. You will also compare
linear patterns with nonlinear

patterns, focusing on a special type
of nonlinear relationship called
an inverse variation.

You will conduct experiments,
analyze the data, and then write
equations that summarize, or model,
the data patterns. You will then use
your equations to make predictions
about values beyond and between
the data you collected.

The skills you develop in this unit
will help you answer questions like
those on the facing page.
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Linear and Inverse Variation

In Thinking With Mathematical Models, you will model relationships with
graphs and equations, and then use your models to analyze situations and
solve problems.

You will learn how to:

Recognize linear and nonlinear patterns in tables and graphs
Describe data patterns using words and symbols

Write equations to express patterns appearing in tables, graphs, and
problems

Solve linear equations
Model situations with inequalities
Write equations to describe inverse variations

Use linear and inverse variation equations to solve problems and to
make predictions and decisions

As you work on problems in this unit, ask yourself questions about problem
situations that involve related variables.

What are the key variables in this situation?
What is the pattern relating the variables?
What kind of equation will express the relationship?

How can I use the equation to answer questions about the relationship?

Thinking With Mathematical Models



Exploring Data Patterns

People in many professions use data and mathematical reasoning to solve
problems and make predictions. For example, engineers analyze data from
laboratory tests to determine how much weight a bridge can hold. Market
researchers use customer survey data to predict demand for new products.
Stockbrokers use algebraic formulas to forecast how much their
investments will earn over time.

In several previous Connected
Mathematics units, you used
tables, graphs, and equations

to explore and describe
relationships between variables.
In this investigation, you will
develop your skill in using these
tools to organize data from

an experiment, find patterns,
and make predictions.

@ Testing Bridge Thickness

IMLany bridges are built with frames of steel beams. Steel is very strong, but
any beam will bend or break if you put enough weight on it. The amount of
weight a beam can support is related to its thickness, length, and design. To
design a bridge, engineers need to understand these relationships.

Investigation 1 Exploring Data Patterns 5



Getting Ready for Problem @

® How do you think the thickness of a beam is related to its strength?
Do you think the relationship is linear?

e What other variables might affect the strength of a bridge?

Engineers often use scale models to test their designs. You can do your own
experiments to discover mathematical patterns involved in building bridges.

Instructions for the Bridge-Thickness Experiment

Equipment:
® Two books of the same thickness
e A small paper cup
® About 50 pennies

® Several 11-inch-by-4%-inch strips
of paper

Instructions:

e Start with one of the paper strips.
Make a “bridge” by folding up 1 inch
on each long side.

e Suspend the bridge between the books.
The bridge should overlap each book
by about 1 inch. Place the cup in the
center of the bridge.

e Put pennies into the cup, one at a
time, until the bridge collapses.
Record the number of pennies you
added to the cup. This number is the
breaking weight of the bridge.

® Put two new strips of paper together
to make a bridge of double thickness.
Find the breaking weight for this
bridge.

Tin,

™
. . AK1 in.
® Repeat this experiment to find the

breaking weights of bridges made

from three, four, and five strips of
paper.

6 Thinking With Mathematical Models



Problem w Finding Patterns and Making Predictions

A.

C. Does the relationship between bridge thickness and breaking

Conduct the bridge-thickness experiment to find breaking weights
for bridges 1,2, 3,4, and 5 layers thick. Record your data in a table. L_( L

For: Virtual Bridge Experiment

. Make a graph of your (bridge layers, breaking weight) data. Visit: PHSchool.com

Web Code: apd-1101

weight seem to be linear or nonlinear? How is this shown in the
table and graph?

Suppose you could split layers of paper in half. What breaking weight
would you predict for a bridge 2.5 layers thick? Explain.

1. Predict the breaking weight for a bridge 6 layers thick. Explain
your reasoning.

2. Test your prediction. Explain why results from such tests might not
exactly match predictions.

ACE Homework starts on page 12.
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@ Testing Bridge Lengths

In the last problem, you tested paper bridges of various thicknesses. You
found that thicker bridges are stronger than thinner bridges. In this
problem, you will experiment with paper bridges of various lengths.

How do you think the length of a bridge is related to its strength?
Are longer bridges stronger or weaker than shorter bridges?

You can do an experiment to find out how the length and strength of a
bridge are related.

Instructions for the Bridge-Length Experiment

Equipment:
® Two books of the same thickness
® A small paper cup
® About 50 pennies
° 4%—inch—wide strips with lengths 4, 6, 8,9, and 11 inches

Instructions:

® Make paper bridges from the strips. For each strip, fold up 1 inch on
each of the 4%-inch sides.

e Start with the 4-inch bridge. Suspend the bridge between the two
books as you did before. The bridge should overlap each book by
about 1 inch. Place the paper cup in the center of the bridge.

e Put pennies into the cup, one at a time, until the bridge collapses.
Record the number of pennies you added to the cup. As in the first
experiment, this number is the breaking weight of the bridge.

® Repeat the experiment to find breaking weights for the other
bridges.

8 Thinking With Mathematical Models



Problem @ Finding Patterns and Making Predictions

A. Conduct the bridge-length experiment to find breaking weights for
bridges of lengths 4,6, 8,9, and 11 inches. Record your data in a table.

B. Make a graph of your data.

C. Describe the relationship between bridge length and breaking weight.
How is that relationship shown by patterns in your table and graph?

D. Use your data to predict the breaking weights for bridges of lengths 3,
5,10, and 12 inches. Explain how you made your predictions.

E. Compare your data from this experiment with the data from the
bridge-thickness experiment. How is the relationship between bridge
thickness and breaking weight similar to the relationship between
bridge length and breaking weight? How is it different?

ACE Homework starts on page 12.

— S

Q“d“’u Know s

When designing a bridge, engineers need to consider the load, or the
amount of weight, the bridge must support. The dead load is the weight of
the bridge and fixed objects on the bridge. The live load is the weight of
moving objects on the bridge.

On many city bridges in Europe—

such as the famous Ponte Vecchio

in Florence, [taly—dead load is very

high because tollbooths, apartments,

and shops are built right onto the

bridge surface. Local ordinances can

limit the amount of automobile and

rail traffic on a bridge to help

control live load.

Investigation 1 Exploring Data Patterns
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Custom Construction Parts

Suppose a company called Custom Steel Products (CSP for short) provides
construction materials to builders. CSP makes beams and staircase frames
by attaching 1-foot-long steel rods in the following patterns. CSP will make
these materials in any size a builder needs.

CSP Beams

1-foot steel rod 1-foot beam 2-foot beam
made from 3 rods made from 7 rods

7-foot beam
made from 27 rods

CSP Staircase Frames

1 step 2 steps 3 steps
made from 4 rods made from 10 rods made from 18 rods

The manager at CSP needs to know the number of rods required for each
design in any size a customer might order. To figure this out, she decides to
study a few simple cases. She hopes to find trends, or patterns, she can
extend to other cases.

10 Thinking With Mathematical Models



Problem @ Extending Patterns

A. 1.

Copy and complete the table below to show the number of rods in
beams of different lengths. Hint: Make drawings of the beams.

CSP Beams

BeamlLlength(ft) |1 |2 |3 |4 |5|6| 7 |8
Number of Rods | 3 | 7 27

. Make a graph of the data in your table.

3. Describe the pattern of change in the number of rods as the beam

length increases.

. How is the pattern you described shown in the table? How is it

shown in the graph?

. How many steel rods are in a beam of length 50 feet? Explain.

. Copy and complete the table below to show the number of rods in

staircase frames with different numbers of steps. Hint: Make
drawings of the staircase frames.

CSP Staircase Frames

NumberofSteps |1 | 2 3 |4 |5 6|7 |8
Number of Rods | 4 | 10 18

2. Make a graph of the data in your table.

3. Describe the pattern of change in the number of rods as the

4.

5.

number of steps increases.

How is the pattern you described shown in the table? How is it
shown in the graph?

How many steel rods are in a staircase frame with 12 steps?

C. How is the pattern of change in Question A similar to the pattern in
Question B? How is it different? Explain how the similarities and
differences are shown in the tables and graphs.

D. Compare the patterns of change in this problem with the patterns of
change in Problems 1.1 and 1.2. Describe any similarities and
differences you find.

ACE

Homework starts on page 12.

Investigation 1 Exploring Data Patterns
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Applications

1. A group of students conducts the bridge-thickness experiment with
construction paper. Their results are shown in this table.

Bridge-Thickness Experiment

Thickness (layers) 1123|456
Breaking Weight (pennies) | 12 | 20 | 29 | 42 | 52 | 61

a. Make a graph of the (thickness, breaking weight) data. Describe the
relationship between thickness and breaking weight.

b. Suppose it is possible to use half-layers of construction paper. What
breaking weight would you predict for a bridge 3.5 layers thick?
Explain.

c. Predict the breaking weight for a construction-paper bridge
8 layers thick. Explain how you made your prediction.

2. The table shows the maximum weight a crane arm can lift at various
distances from its cab. (See the diagram below.)

\ . cab\
/Weight \

Construction-Crane Data

Distance from Cab
to Weight (ft)

Weight (Ib) 7,500 | 3,750 | 2,500 | 1,875 | 1,500

12 24 36 48 60

Thinking With Mathematical Models



. Describe the relationship between distance and weight for the

crane.

. Make a graph of the (distance, weight) data. Explain how the

graph’s shape shows the relationship you described in part (a).

Estimate the weight the crane can lift at distances of 18 feet, 30 feet,
and 72 feet from the cab.

. How, if at all, is the crane data similar to the data from the bridge

experiments in Problems 1.1 and 1.2?

3. A beam or staircase frame from CSP costs $2.25 for each rod, plus $50
for shipping and handling.

a.

e n

Refer to your data for Question A of Problem 1.3. Copy and
complete the following table to show the costs for beams of
different lengths.

Costs of CSP Beams

Beamlength(ft) | 1 |2 |3 |4 |56 |7 |8
Numberof Rods | 3 | 7 27
Cost of Beam

. Make a graph of the (beam length, cost) data.

Describe the relationship between beam length and cost.

. Refer to your data for Question B of Problem 1.3. Copy and

complete the following table to show the costs for staircase frames
with different numbers of steps.

Costs of CSP Staircase Frames

NumberofSteps | 1 |2 |3 |4 |5 |6 |7 | 8
Number of Rods | 4 |10 | 18
Cost of Frame

e. Make a graph of the (number of steps, cost) data.

Describe the relationship between the number of steps and the cost.

Investigation 1 Exploring Data Patterns
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4. Parts (a)—(f) refer to relationships you have studied in this

investigation. Tell whether each relationship is linear. [ \‘nline
. . . HSchool.com
a. the relationship between beam length and cost (ACE Exercise 3) For: Help with Exercise 4

Web Code: ape-1104

b. the relationship between the number of steps in a staircase
frame and the cost (ACE Exercise 3)

c. the relationship between bridge thickness and strength (Problem 1.1)
d. the relationship between bridge length and strength (Problem 1.2)

e. the relationship between beam length and the number of rods
(Problem 1.3)

f. the relationship between the number of steps in a staircase frame
and the number of rods (Problem 1.3)

g. Compare the patterns of change for all the nonlinear relationships
in parts (a)—(f).

5. In many athletic competitions, medals are awarded to top athletes. The
medals are often awarded in ceremonies with medal winners standing
on special platforms. The sketches show how to make platforms by
stacking boxes.

1 medalist 2 medalists 3 medalists
1 box 3 boxes 6 boxes

Thinking With Mathematical Models



a. Copy and complete the table below.

Medal Platforms

Number of Medalists

1

2

3

4

Number of Boxes

1

3

6

b. Make a graph of the (number of medalists, number of boxes) data.

n

Describe the pattern of change shown in the table and graph.

d. Each box is 1 foot high and 2 feet wide. A red carpet starts 10 feet
from the base of the platform, and covers all the risers and steps.

1 ft

2 ft

Copy and complete the table below.

Carpet for Platforms

Number of Steps

1

2

3

4

5

Carpet Length (ft)

e. Make a graph of the (number of steps, carpet length) data.

f. Describe the pattern of change in the carpet length as the number
of steps increases. Compare this pattern with the pattern in the
(number of medalists, number of boxes) data.

. CSP also sells ladder bridges made from 1-foot steel rods arranged to
form a row of squares. Below is a 6-foot ladder bridge.

6-foot ladder bridge made from 19 rods

a. Make a table and a graph showing how the number of rods in a
ladder bridge is related to length of the bridge.

b. Compare the pattern of change for the ladder bridges with those
for the beams and staircase frames in Problem 1.3.

Investigation 1 Exploring Data Patterns
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Connections

A survey of one class at Pioneer Middle School finds that
20 out of 30 students would spend $8 for a school T-shirt.
Use this information for Exercises 7 and 8.

7. Multiple Choice Suppose there are 600 students in the
school. Based on the survey, how many students do you
predict would spend $8 for a school T-shirt?

A. 20 B. 200
C. 300 D. 400

8. Multiple Choice Suppose there are 450 students in the
school. Based on the survey, how many students do you
predict would spend $8 for a school T-shirt?

F. 20 G. 200
H. 300 J. 400

9. Below is a drawing of a rectangle with an area of
300 square feet.

20 ft

15 ft

a. Make drawings of at least three other rectangles with an area
of 300 square feet.

b. What is the width of a rectangle with an area of 300 square feet if
its length is 1 foot? If its length is 2 feet? If its length is 3 feet?

¢. What is the width of a rectangle with an area of 300 square feet
and a length of L feet?

d. How does the width of a rectangle change if the length increases,
but the area remains 300 square feet?

e. Make a graph of (width, length) pairs for a rectangle that give an
area of 300 square feet. Explain how your graph illustrates your
answer for part (d).

16 Thinking With Mathematical Models



10.

11.

a. The rectangle pictured in Exercise 9 has a perimeter of 70 feet.
Make drawings of at least three other rectangles with a perimeter
of 70 feet.

b. What is the width of a rectangle with a perimeter of 70 feet if its
length is 1 foot? 2 feet? L feet?

c. What is the width of a rectangle with a perimeter of 70 feet if its

.1 3
= 92 ?
length is 5 foot? 5 feet?

d. Give the dimensions of rectangles with perimeters of 70 feet and
length-to-width ratios of 3to 4,4 to 5,and 1 to 1.

e. Suppose the length of a rectangle increases, but the perimeter
remains at 70 feet. How does the width change?

f. Make a graph of (width, length) pairs that give a perimeter of
70 feet. How does your graph illustrate your answer for part (e)?

The 24 students in Ms. Cleary’s homeroom are surveyed. They are
asked which of several prices they would pay for a ticket to the school
fashion show. The results are shown in this table.

Ticket-Price Survey

Ticket Price $1.00 | $1.50 | $2.00 | $2.50 | $3.00 | $3.50 | $4.00 | $4.50
Probable Sales 20 20 18 15 12 10 8 7

a. There are 480 students in the school. Use the data from
Ms. Cleary’s class to predict ticket sales for the entire school for
each price.

b. Use your results from part (a). For each price, find the school’s
projected income from ticket sales.

c. Which price should the school charge if it wants to earn the
maximum possible income?

Investigation 1 Exploring Data Patterns
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Tell which graph matches the equation or the set of criteria.

12, y =3x + 1
14. y=x —3

Graph A

X

I\

13. y=2x+2

15. y-intercept = 1; slope = 1

2
Graph B

Within each equation, the pouches shown contain the same number of
coins. Find the number of coins in each pouch. Explain your method.

16.

17.

18 Thinking With Mathematical Models



18. Refer to Exercises 16 and 17.

a. For each exercise, write an equation to represent the situation. Let x
represent the number of coins in a pouch.

b. Solve each equation. Explain the steps in your solutions.

c. Compare your strategies with those you used in Exercises 16 and 17.

Solve each equation for x. CGO Pnline
HSchool.com
19. 3x +4 =10 20. 6x + 3 =4x + 11 For: MuItipIe-Choice Skills
21. 6x — 3 =11 22, -3x +5=7 Webpéa;:ilfae: apa-1154
1 X _ 4= _
23.4x—§—8 24.2 4 = -5
25. 3x +3 = —2x — 12 26.2-4=3_5

For Exercises 27-29, tell whether the statement is true or false. Explain
your reasoning.

27. 6(12 - 5)>50 28.3-5—-4>6 29. 10 -5-4>0

30. You will need two sheets of 8.5- by 11-inch paper and some scrap paper.
a. Roll one sheet of paper to make a cylinder 11 inches high. Overlap
the edges very slightly and tape them together. Make bases for the
cylinder by tracing the circles on the ends of the cylinder, cutting
out the tracings, and taping them in place.

11in.
8.5 in.

b. Roll the other sheet of paper to make a cylinder 8.5 inches high.
Make bases as you did in part (a).

c. Do the cylinders appear to have the same surface area (including
the bases)? If not, which has the greater surface area?

d. Suppose you start with two identical rectangular sheets of paper
which are not 8.5 by 11 inches. You make two cylinders as you did
before. Which cylinder will have the greater surface area, the
taller cylinder or the shorter one? How do you know?

Investigation 1 Exploring Data Patterns
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31. The volume of the cone in the drawing at right is %(28)71 What are
some possible radius and height measurements for the cone?

Extensions

32. Study the patterns in this table. Note that the numbers in the
x column may not be consecutive after x = 6.

x | p | g |y | z
1 1 1 2| 1
1
2 4 8| 4 1
1
3 9 27 8| 1
1
4 | 16 64 16|
5 | 25 | 125 32 ¢
6
1,024
2,048
1,728
n

a. Use the patterns in the first several rows to find the missing
values.

b. Are any of the patterns linear? Explain.

20 Thinking With Mathematical Models



33. The table gives data for a group of middle school students.

Data for Middle School Students

Student Name Length | Height (cm) | Foot Length (cm)
Thomas Petes 11 126 23
Michelle Hughes 14 117 21
Shoshana White 13 112 17
Deborah Locke 12 127 21
Tonya Stewart 12 172 32
Richard Mudd 11 135 22
Tony Tung 8 130 20
Janice Vick 10 134 21
Bobby King 9 156 29
Kathleen Boylan 14 164 28

a. Make a graph of the (name length, height) data, a graph of
the (name length, foot length) data, and a graph of the
(height, foot length) data.

b. Look at the graphs you made in part (a).
Which seem to show linear relationships?
Explain.

c. Estimate the average height-to-foot-length
ratio. That is, how many “feet” tall is the
typical student in the table?

d. Which student has the greatest height-to-
foot-length ratio? Which student has the
least height-to-foot-length ratio?

Investigation 1 Exploring Data Patterns 21
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34. A staircase is a prism. This is easier to see if the staircase is viewed
from a different perspective. In the prism below, the small squares on
the top each have an area of 1 square unit.

Top

Right

Bottom

a. Sketch the base of the prism. What is the area of the base?

b. Rashid is trying to draw a net (flat pattern) that will fold up to
form the staircase prism. Below is the start of his drawing. Finish
Rashid’s drawing and give the surface area of the entire staircase.
Hint: You may want to draw your net on grid paper and
then cut it out and fold it to check.

Left Rear

c. Suppose the prism had six stairs instead of three. Assume each
stair is the same width as those in the prism above. Is the surface
area of this six-stair prism twice that of the three-stair prism?
Explain.

Thinking With Mathematical Models



In this investigation, you used tables and graphs to represent relationships
between variables and to make predictions. These questions will help you
summarize what you have learned.

Think about your answers to these questions. Discuss your ideas with other
students and your teacher. Then write a summary of your findings in your
notebook.

You can represent a relationship between variables with a table, a graph, or
a description in words.

1. What are the advantages and disadvantages of each representation for
finding patterns and making predictions?

2. How can you decide from a table whether a relationship is linear?

3. How can you decide from a graph whether a relationship is linear?

Investigation 1 Exploring Data Patterns 23



Linear Models and Equations

Organizing and displaying the data from an experiment or survey can help
you spot trends and make predictions. When the data show a linear trend,
you can find a graph and equation to model the relationship between the
variables. You can then use the model to make predictions about values
between and beyond the data values.

When you make a model to represent a mathematical relationship, examine
your model and ask

For what interval of values is the model likely to be reasonably accurate?

@ . Linear Models

T'he First State Bridge-Painting Company is often asked to bid on painting
projects. It usually gets the contract if it offers the lowest price. However, it
needs to make sure the bid is high enough that the company will make a
reasonable profit.

First State is preparing a bid for a bridge-painting project. The company looks
at its records for previous projects. It finds information about four bridges
with similar designs.

First State Bridge-Painting Costs

Bridge Number | Length (ft) | Painting Cost
1 100 $18,000
2 200 $37,000
3 300 $48,000
4 400 $66,000

24  Thinking With Mathematical Models



The First State cost estimators plot the data. The points fall in a nearly
linear pattern. They draw a line that fits the pattern well. The line is a
mathematical model for the relationship between bridge length and
painting cost. A mathematical model approximates a data pattern.

First State Bridge-Painting Costs

$100,000

$80,000
@
o

U $60,000
(=)}
£

S $40,000
©
o

$20,000

$0

0O 100 200 300 400 500
Bridge Length (ft)

Getting Ready for Problem@

A mathematical model can be used to make predictions about values
between and beyond the data points.

e How do you think the cost estimators decided where to draw the line?
e Is the line a reasonable model for these data?

e What information does the model give that the points alone do not?

e What questions could you answer using the model?

e What information do you need to write an equation for the line?

Problem @ Linear Models

A. 1. Write an equation for the line that models the data.

2. Use the line or the equation to estimate painting costs for similar
bridges that are

a. 175 feetlong b. 280 feet long

3. Use the line or the equation to estimate lengths of similar bridges
for which the painting costs are

a. $10,000 b. $60,000

Investigation 2 Linear Models and Equations 25



B. First State is also bidding on a different type of bridge. It has records
for three similar bridges.

First State Bridge-Painting Costs

Bridge Number | Length (ft) | Painting Cost
3 150 $50,000
4 300 $80,000
5 500 $140,000

1. Plot these data points. Draw a line that models the pattern in the
data points.

2. Write an equation for your line.

3. Use your equation or line to estimate the painting cost for a similar
bridge that is 200 feet long.

4. Use your equation or line to estimate the length of a similar bridge
that costs $100,000 to paint.

ACE Homework starts on page 33.
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@ Equations for Linear Relationships

Cars and trucks are an important part of American life and culture. There
are nearly 200 million licensed drivers and 140 million registered passenger
cars in the United States. To help people keep their cars clean, many cities
have self-service car washes.

At most self-service car washes, the charge for
washing a car and the company’s profit depend
on the time the customer spends using the

car wash. To run such a business

efficiently, it helps to have equations

relating these key variables.

Getting Ready for Problem @

e Sudzo Wash and Wax charges customers $0.75 per minute to wash a
car. Write an equation that relates the total charge ¢ to the amount of
time ¢ in minutes.

e Pat’s Power Wash charges $2.00 per car to cover the cost of cleaning
supplies, plus $0.49 per minute for the use of water sprayers and
vacuums. Write an equation for the total charge c for any car-wash
time ¢.

e U-Wash-It charges $10 for each car. The business owners estimate that
it costs them $0.60 per minute to provide soap, water, and vacuums for
a car. Write an equation for the profit p U-Wash-It earns if a customer
spends ¢ minutes washing a car.

e Explain what the numbers and variables in each equation represent.

e What questions can your equations help you answer?

Investigation 2 Linear Models and Equations
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Problem @ Equations for Linear Relationships

A. The Squeaky Clean Car Wash charges by the minute. This table shows
the charges for several different times.

Squeaky Clean Car Wash Charges

Time(min) | 5 | 10 | 15 | 20 | 25
Charge $8 | $13 | $18 | $23 | $28

1. Explain how you know the relationship is linear.

2. What are the slope and y-intercept of the line that represents the
data?

3. Write an equation relating charge c to time ¢ in minutes.

B. Euclid’s Car Wash displays its charges as a graph. Write an equation
for the charge plan at Euclid’s. Describe what the variables and
numbers in your equation tell you about the situation.

Euclid’'s Car Wash Charges
$16

$12

$8

Charge

$4

$0

0 6 12 18 24 30
Time (min)
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C. Below are two receipts from Super Clean Car Wash. Assume the
relationship between charge ¢ and time used ¢ is linear.

SUPER CLEAN SUPER CLEAN
Car Wash Car Wash
Date: 3-14-05 Date: 4-04-05
Start time: 01:55 pm Start time: 09:30 am
Stop time: 02:05 pm Stop time: 09:50 am
Charge: $7.00 Charge: $12.00

1. Each receipt represents a point (¢, ¢) on the line. Find the
coordinates of the two points.

2. What are the slope and y-intercept of the line?

3. Write an equation relating ¢ and .

D. Write an equation for the line with slope —3 that passes through the
point (4, 3).

E. Write an equation for the line with points (4, 5) and (6,9).

F. Suppose you want to write an equation of the form y = mx + b to
represent a linear relationship. What is your strategy if you are given

1. a description of the relationship in words?
2. two or more (x, y) values or a table of (x, y) values?

3. a graph showing points with coordinates?

ACE Homework starts on page 33.
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@ .Solving Linear Equations

Sandy’s Boat House rents canoes. The equation ¢ = 0.15¢ + 2.50 gives the
charge c in dollars for renting a canoe for f minutes.

Getting Ready for Problem @

e Explain what the numbers in the equation ¢ = 0.15¢ + 2.50 tell you
about the situation.

e Rashida and Serena apply for jobs at Sandy’s. The manager tests them
with three questions.

What is the charge for renting a canoe for 30 minutes?
A customer is charged $8.50. How long did he use the canoe?
A customer has $10 to spend. How long can she use a canoe?

Suppose you were applying for a job at Sandy’s. How would you
answer these questions?

Problem @ Solving Linear Equations

A. Rashida uses a graph of ¢ = 0.15¢ + 2.50. Explain how to use the
graph to estimate the answers to the manager’s questions.

Sandy’s Canoe Rental Charges

$12
$10
()]
o 8
2
Y 6
8
E» $4
$2
$0

0 10 20 30 40 50 60
Rental Time (min)
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B. Rashida could use a table instead of a graph. Explain how to use a
table to estimate answers to the questions.

C. Serena wants to find exact answers, not estimates. For the second
question, she solves the linear equation 0.15¢ + 2.50 = 8.50. She
reasons as follows:

e If0.15¢ + 2.50 = 8.50, then 0.15¢ = 6.00.
e If0.15¢ = 6.00, then t = 40.
® [ check my answer by substituting 40 for #:0.15(40) + 2.50 = 8.50

Is Serena correct? How do you know?

D. For the third question, Rashida says, “She can use the canoe for
50 minutes if she has $10.” Serena says there are other possibilities—
for example, 45 minutes or 30 minutes. She says you can answer the
question by solving the inequality 0.15¢ + 2.50 = 10. This inequality
represents the times for which the rental charge is at most $10.

1. Use a table, a graph, and the equation 0.15¢ + 2.50 = 10 to find all
of the times for which the inequality is true.

2. Express the solution as an inequality.

E. River Fun Paddle Boats competes with Sandy’s. The equation
¢ = 4 + 0.10¢ gives the charge in dollars ¢ for renting a paddle boat for
¢ minutes.

1. A customer at River Fun is charged $9. How long did the customer
use a paddle boat? Explain.

2. Suppose you want to spend $12 at most. How long could you use a
paddle boat? Explain.

3. What is the charge to rent a paddle boat for 20 minutes? Explain.

ACE Homework starts on page 33.
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@ Intersecting Linear Models

32

A resort area has two main attractions—the Big Fun amusement park and
the Get Reel movie multiplex. The number of visitors to each attraction on
a given day is related to the probability of rain.

This table gives attendance and rain-forecast data for several Saturdays.

Saturday Resort Attendance

Probability of Rain (%)| 0 20 | 40 | 60 | 80 | 100
Big Fun Attendance 1,000 | 850 | 700 | 550 | 400 | 250
Get Reel Attendance 300 | 340 | 380 | 420 | 460 | 500

The same company owns both businesses. The managers want to be able to
predict Saturday attendance at each attraction so they can assign their
workers efficiently.

Problem @ Intersecting Linear Models

A. Use the table to find a linear equation relating the probability of rain
p to

1. Saturday attendance A g at Big Fun.
2. Saturday attendance A at Get Reel.

B. Use your equations from Question A to answer these questions. Show
your calculations and explain your reasoning.

1. Suppose there is a 50% probability of rain this Saturday. What is the
expected attendance at each attraction?

2. Suppose 460 people visited Big Fun one Saturday. Estimate the
probability of rain on that day.

3. What probability of rain would give a predicted Saturday
attendance of at least 360 people at Get Reel?

4. Is there a probability of rain for which the predicted attendance is
the same at both attractions? Explain.

ACYE Homework starts on page 33.

Thinking With Mathematical Models



Applications

1. Below are some results from the bridge-thickness experiment.

Bridge-Thickness Experiment

Thickness (layers)

2

4

6

8

Breaking Weight (pennies) | 15

30

50

65

a. Plot the (thickness, breaking weight) data. Draw a line that models

the pattern in the data.

b. Find an equation for the line you drew.

c. Use your equation to predict the breaking weights of paper bridges

3,5, and 7 layers thick.

2. Which line do you think is a better model for the data? Explain.

Student 1
y

Student 2

3. Copy each graph onto grid paper. Draw a line that fits each set of data
as closely as possible. Describe the strategies you used.

Graph A

Graph B

Graph C

Investigation 2 Linear Models and Equations
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4. This table gives the average weights of purebred Chihuahuas from
birth to 16 weeks.

Average Weights for Chihuahuas

Age (wk) 02| 4 6 8 10|12 |14 | 16
Weight(oz) (4 9 |13 17.5|215 |25 30|34 |39

Source: The Complete Chihuahua Encyclopedia

a. Graph the (age, weight) data. Draw a line that
models the data pattern.

b. Write an equation of the formy = mx + b
for your line. Explain what the values of
m and b tell you about this situation.

c. Use your equation to predict the average
weight of Chihuahuas for odd-numbered ages
from 1 to 15 weeks.

d. What average weight does your linear model
predict for a Chihuahua that is 144 weeks old?
Explain why this prediction is unlikely to be
accurate.

5. U-Wash-It Car Wash did market research to determine how much
to charge for a car wash. The company makes this table based on ( Wnline

: . HSchool.com
its findings. For: Help with Exercise 5
Web Code: ape-1205

U-Wash-It Projections

Price per Wash $0 | $5 | $10 | $15 | $20
Customers Expected per Day | 100 | 80 | 65 | 45 | 20

a. Graph the (price, expected customers) data. Draw a line that models
the data pattern.

b. Write an equation in the form y = mx + b for your graph. Explain
what the values of m and b tell you about this situation.

c. Use your equation to estimate the number of customers expected
for prices of $2.50, $7.50, and $12.50.
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6.

Find the slope, y-intercept, and equation for each line.

a. 10 y b. y

8 16 (2, 18)

12

6 6, 6)

4 8 (6, 6)

ROE s

0 X 0 z

0 2 4 6 8 10 0 4 8 12 16 20
c. 10 y [ I d. 10 y "(6,10)

8 (2,9) (8,9 3

6 6

4 4

L ]

, , (6, 3)

0 X 0 X

0 2 4 6 8 10 0 2 4 6 8 10

The relationships in Exercises 7-10 are linear.

7.

10.

a. A typical American baby weighs about 8 pounds at birth and gains
about 1.5 pounds per month for the first year of life. What equation
relates weight w in pounds to age a in months?

b. Can this model be used to predict weight at age 80?7 Explain.

. Kaya buys a $20 phone card. She is charged $0.15 per

minute for long-distance calls. What equation gives the
value v left on her card after she makes r minutes of
long-distance calls?

Dakota lives 1,500 meters from school. She leaves for
school, walking at a speed of 60 meters per minute. Write
an equation for her distance d in meters from school after
she walks for f minutes.

A car can average 140 miles on 5 gallons of gasoline. Write an equation
for the distance d in miles the car can travel on g gallons of gas.

Investigation 2 Linear Models and Equations
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11.

Write a linear equation for each table relating x and y.

a1xlo|3/6 10 b. e To 36 | 10
y|2/8/1a 22 y 20|88 -4 -20
¢ Ix |2 6 8 d [xTol3]6] o
y |5 11| 14 yl20/11 2 -7

For Exercises 12-17, find an equation for the line that satisfies the

" Go @nline
conditions. ;PHSchonl.cnm
12. Slope 4.2; y-intercept (0, 3.4) For: m:lctt'iif{hmce Skill
13. Slope %; y-intercept (0, 5) Web Code: apa-1254
14. Slope 2; passes through (4, 12)

15.
16.
17.

18.

Passes through (0, 15) and (5, 3)
Passes through (—2,2) and (5, —4)

Parallel to the line with equation y = 15 — 2x and passes through
(3,0)

Write an equation for each line.

y ¢
4
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19. Anchee and Jonah earn weekly allowances for doing chores over the
summer.

® Anchee’s father pays her $5 each week.

e Jonah’s mother paid him $20 at the beginning of the summer and
now pays him $3 each week.

The relationships between number of weeks worked and dollars
earned are shown in this graph.

Earnings From Chores
$50

$40
$30

$20

Earnings

$10

$0

0 2 4 6 8 10
Number of Weeks

a. Which line represents Jonah’s earnings? Which line represents
Anchee’s earnings? Explain.

b. Write two linear equations in the form y = mx + b to show the
relationships between Anchee’s earnings and the number of weeks
she works and between Jonah’s earnings and the number of weeks
he works.

¢. What do the values of m and b
in each equation tell about the
relationship between the number
of weeks and the dollars earned?

d. What do the values of m and b
tell about each line?
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For Exercises 20-23, do the following:
a. Solve the equation. Show your steps.

b. Graph the associated line (for example, for 5.5x + 32 = 57, graph
y = 5.5x + 32). Label the point that shows the solution.

20. 5.5x + 32 =57 21. 24 =4x — 12
22. 5x — 51 =24 23. 74 =53 — Tx

24. At Water Works Amusement Park, the daily profit from the
concession stands depends on the number of park visitors. The
equation p = 2.50v — 500 gives the estimated profit p in dollars if
v people visit the park. In parts (a)—(c), use a graph to estimate the
answer. Then, find the answer by writing and solving an equation or
inequality.

a. For what number of visitors will the profit be about $2,000?

b. One day 200 people visit the park. What is the approximate
concession-stand profit for that day?

c. For what number of visitors will the profit be at least $500?

25. The following formulas give the fare fin dollars that two bus
companies charge for trips of d miles.

Transcontinental: f = 0.15d + 12
Intercity Express: f = 5 + 0.20d

In parts (a)—(c), use a graph to estimate the answer. Then, find the
answer by writing and solving an equation or inequality.

a. For Transcontinental, how many miles is a trip that costs $99?

b. For Intercity Express, how far can a person travel for a fare that is
at most $99?

c. Is there a distance for which the fare for the two bus lines is the
same? If so, give the distance and the fare.

Solve each equation. Show the steps in your solutions.

26. 5x +7=3x -5 27. 7 +3x =5x -5 28. 25x — 8 =5x + 12

Find at least three values of x for which the inequality is true.
29. 4x = 12 30. 3x < 18
31. 4x + 5 =13 32, 3x -9 =18
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33.

34.

Every Friday, the mechanic for Columbus Public Schools records the
miles driven and the gallons of gas used for each school bus. One week,
the mechanic records these data.

Data for Columbus Bus Fleet

Bus Number 1 2 3 4 5 6 7 8
Gas Used (gal) | 5 8 12 | 15 | 18 | 20 | 22 | 25
Miles Driven 80 | 100 | 180 | 225 | 280 | 290 | 320 | 375

a. Write a linear equation that models the relationship between miles
driven d and gallons of gas used g.

b. Use your equation to predict the number of miles such a bus could
travel on 10 gallons of gas.

c. Use your equation to predict the number of gallons of gas required
to drive such a bus 250 miles.

d. What do the values of m and b in your equation d = mg + b tell
about the fuel efficiency of the school bus fleet?

One of the most popular items at a farmers’ market is sweet corn. This
table shows relationships among the price for the corn, the demand for
the corn (how much corn people want to buy), and the leftovers of
corn (how much corn the market has at the end of the day).

Sweet Corn Supply and Demand

Price per Dozen $1 | $1.50 | $2.00 | $2.50 | $3.00 | $3.50
Demand (dozens) | 200 | 175 140 120 80 60
Leftovers (dozens) | 40 75 125 175 210 260

a. Why do you think the demand for corn decreases
as the price goes up?

b. Why do you think the leftovers of corn increases
as the price goes up?

c. Write a linear equation that models the
relationship between demand d and
price p.

d. Write a linear equation that models
the relationship between leftovers ¢ and
price p.

e. Use graphs to estimate the price for which
the leftovers equals the demand. Then, find the
price by solving symbolically.

Investigation 2 Linear Models and Equations
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Connections

35. Tell whether each table represents a linear relationship. Explain.

A x(2/a/6/8/10/12]14
012 45 |6

b. 1172 45|67
y|o0|3|8|15 24 3548

36. For parts (a)—(d), copy the table. Then, use the equation to complete
the table. Tell whether the relationship is linear. Explain.

a.y=-3x—8 b.y=4x—-7) +6
X |-5|-2|11|4 x|[—-3/03]|6
y y

c. y=x(3x +2) d.y=4—-3x
x|[—-3/0|3 |6 x|—-3/0]3 |10

Copy each pair of numbers in Exercises 37-42. Insert <, >, or = to make a
true statement.

2 1 9 3
37. 513 38. 2l 39, 23
40. 3.009 ™ 3.1 a1. ‘—% ‘—; 42. —425 10 —2.45
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43. Madeline sets a copy machine to enlarge

by a factor of 150%. She then uses the
machine to copy a polygon. Write an
equation that relates the perimeter of
the polygon after the enlargement a to
the perimeter before the enlargement b.

For Exercises 44-52, evaluate the expression
without using a calculator.

44. —15 + (=7) 45. -7 - 15 46. —7 — (—15)
47. —15 +7 48. —20 + 5 49. —20 + (-5)
50. 20 + (—4) 51. —20 + (—2.5) 52. —20 - (—-2.5)
53. You can express the slope of a line in different ways. The slope of the

line below is 15, or 0.6. You can also say the slope is 60% because the
rise is 60% of the run.

6
4

2

X

0o 2 4 6 8 10

0

These numbers represent slopes of lines.
= 60% 2 15 150% 200%
a. Which numbers represent the same slope?

b. Which number represents the greatest slope? Which represents the
least slope?

Investigation 2 Linear Models and Equations
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54. Consider the following stories and the graphs.

a. Match each story with a graph. Tell how
you would label the axes. Explain how each
part of the story is represented in the graph.

Story 1 A parachutist is taken up in a
plane. After he jumps, the wind blows
him off course. He ends up tangled in
the branches of a tree.

Story 2 Ella puts some money in the

bank. She leaves it there to earn interest for
several years. Then one day, she withdraws
half of the money in the account.

Story 3 Gerry has a big pile of gravel to spread on
his driveway. On the first day, he moves half of the
gravel from the pile to his driveway. The next day he
is tired and moves only half of what is left. The third
day he again moves half of what is left in the pile.
He continues in this way until the pile has almost

disappeared.
Graph A Graph B
Graph C Graph D

b. One of the graphs does not match a story. Make up your own
story for that graph.
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55. The figures below are similar.

a. Find x.
b. What is the scale factor from Triangle A to Triangle B?
c. What is the scale factor from Triangle B to Triangle A?

d. How are the scale factors in parts (b) and (c) related?

Extensions

56. A bridge-painting company uses the formula C = 5,000 + 150L to

57.

estimate painting costs. C is the cost in dollars, and L is the length of
the bridge in feet. To make a profit, the company increases a cost
estimate by 20% to arrive at a bid price. For example, if the cost
estimate is $10,000, the bid price will be $12,000.

a. Find bid prices for bridges 100 feet, 200 feet, and 400 feet long.
b. Write a formula relating the final bid price to bridge length.

¢. Use your formula to find bid prices for bridges 150 feet, 300 feet,
and 450 feet long.

d. How would your formula change if the markup for profit was
15% instead of 20%?

Recall that Custom Steel Products builds beams from steel rods.
Here is a 7-foot beam.

7-foot beam made from 27 rods

a. Which of these formulas represents the relationship between
beam length ¢ and number of rods r?

r=3¢ r=4€+(€—1)+2¢
r=4€—-1)+3 r=4¢—1

b. How might you have reasoned to come up with each formula?

Investigation 2 Linear Models and Equations
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58.

Recall that Custom Steel Products uses steel rods to
make staircase frames. Here are staircase frames
with 1,2, and 3 steps.

1 step 2 steps 3 steps
made from 4 rods made from 10 rods made from 18 rods

Which of these formulas represents the relationship between the
number of steps n and number of rods r?

r=n?+3n r=n(n + 3)
r=n?+3 r=(n+3)n

Custom Steel Products builds cubes out of square steel plates
measuring 1 foot on a side. At right is a 1-foot cube. Use this
information for Exercises 59-61.

59.

60.

61.

62.

How many square plates are needed to make a
1-foot cube? 1ft 1t

Multiple Choice Suppose CSP wants to triple the
dimensions of the cube. How many times the number of
plates in the original cube will they need for this larger cube?

A.2 B. 3 C. 4 D. 9

Multiple Choice Suppose CSP triples the dimensions of the original
cube. How many times the volume of the original cube is the volume
of the new cube?

F. 8 G. 9 H. 27 J. 81

At Yvonne’s Auto Detailing, car washes cost $5 for any time up to
10 minutes, plus $0.40 per minute after that. The managers at
Yvonne’s are trying to agree on a formula for calculating the cost ¢
for a t-minute car wash.

a. Sid thinks ¢ = 0.4¢ + 5 is correct. Is he right?
b. Tina proposes the formula ¢ = 0.4(t — 10) + 5. Is she right?

¢. Jamal told Tina her formula could be simplified to ¢ = 0.4r + 1.
Is he right?

Thinking With Mathematical Models
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63. Write an equation for each relationship.

a. One taxi company charges $1.50 for the first 2 miles of any trip, and
then $1.20 for each mile after that. How is the taxi fare related to
the distance of a trip?

b. An airport offers free parking for 30 minutes and then charges
$2.00 for each hour after that. How is the price for parking related
to the time a car 1s parked?

c. A local cinema makes $6.50 on each ticket sold. However, it has
operating expenses of $750 per day. How is daily profit related to
number of tickets sold?

d. Rush Computer Repair sends technicians to businesses to fix
computers. They charge a fixed fee of $50, plus $50 per hour. How is
total cost for a repair related to time the repair takes?
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In this investigation, you learned how to find linear models for data
patterns. You also developed skill in writing linear equations, practiced
translating verbal descriptions into linear equations, and extended your
knowledge of solving linear equations.

Think about your answers to these questions. Discuss your ideas with other
students and your teacher. Then write a summary of your findings in your
notebook.

1. What are the advantages of using a linear model for a set of data?
2. How would you find the equation for a linear relationship

a. from a verbal description?

b. from a table of values?

c. from a graph?
3. What strategies can you use to solve a linear equation such as

a. 500 = 245 + 5x?

b. 500 + 3x = 245 + 5x?
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Inverse Variation

In Investigation 1, you discovered that the relationship between bridge
thickness and bridge strength is approximately linear. You also found that
the relationship between bridge length and bridge strength is not linear. In
this investigation, you will explore other nonlinear relationships.

@ Rectangles With Fixed Area

In recent years, the populations of many small towns have declined
as residents move to large cities for jobs. The town of

Roseville has developed a plan to attract new residents.

The town is offering free lots of land to “homesteaders”

who are willing to build houses. Each lot

is rectangular and has an area of

21,800 square feet. The lengths and

widths of the lots vary.

Getting Ready for Problem @

e What are some possible dimensions for a rectangular lot with an area
of 21,800 square feet?

In Problem 3.1, you will look at patterns in length and width values for
rectangles with fixed area.

Investigation 3 Inverse Variation
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Problem @ Relating Length and Width

A. 1. Copy and complete this table.

Rectangles With Area 24 in.2

Length(in) | 1|2 3|4 |56 |78
Width (in.)

2. Plot your data on a grid like the one below. Then, draw a line or
curve that seems to model the pattern in the data.

Rectangles With Area 24 in.2

Width (in.)

Length (in.)

3. Describe the pattern of change in the width as the length
increases. Is the relationship between length and width linear?

4. Write an equation that shows how the width w depends on the
length ¢ for rectangles with an area of 24 square inches.

B. Now consider rectangles with an area of 32 square inches.

1. Write an equation for the relationship between the length ¢
and the width w.

2. Graph your equation. Show lengths from 1 to 15 inches.

C. Compare your equations. How are they similar? How are they
different?

D. Compare your graphs. How are they similar? How are they different?

ACE Homework starts on page 53.

48 Thinking With Mathematical Models



Bridging the Distance

The relationship between length and width for rectangles with a fixed area
is not linear. It is an example of an important type of nonlinear pattern
called an inverse variation.

The word “inverse” suggests that as one variable increases in value, the
other variable decreases in value. However, the meaning of inverse variation
is more specific than this. The relationship between two non-zero variables,
x and y, is an inverse variation if
_k _

y=7% orxy ==k
where k is a constant that is not 0. The value of k is determined by the
specific relationship.

How are the equations y = % and xy = k related?

For the same x-value, will the two equations give different y-values?

Inverse variation occurs in many situations. For example, consider the table
and graph below. They show the (bridge length, breaking weight) data
collected by a group of students.

Bridge Experiment Data Bridge Experiment Data
W 50
Length | Breaking Weight 2
(in.) (pennies) S 40 °
4 41 %
30
6 26 5 .
()]
8 19 = 20 * .
o)) @
9 17 £ 10
10 15 o
o O

0 2 4 6 8 10 12
Length (in.)

Getting Ready for Problem@

® Describe a curve that models the pattern in the data above.

® What value of k can you use to model these data with an inverse
variation equation? Write the equation.

e In your equation, why does the value of y decrease as the value of x increases?

e What happens to the value of y as the value of x gets close to 0? Why is
that a reasonable pattern for the bridge experiment?

Investigation 3 Inverse Variation
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Problem @ Inverse Variation Patterns

Mr. Cordova lives in Detroit, Michigan. He often
travels to Baltimore, Maryland, to visit his grandfather.
The trip is 500 miles each way. Here are his notes for
his trips to Baltimore last year.

Date Notes Travel Time
February 15 Traveled by plane. 1.5 hours
May 22 Drove. 10 hours
July 3 Drove. Stopped for repairs. | 14 hours
November 23 | Flew. Flight delayed. 4 hours
December 23 | Took overnight train. 1& hours

A. 1. Calculate the average speed in miles per hour for each trip. Record
the results in a table like this.

Cordova’s Baltimore Trips

Travel Time (hr)

Average Speed (mph)

2. Plot the data. Draw a line or curve that models the data pattern.
Describe the pattern of change in average speed as travel time
increases.

3. Write an equation for the relationship between travel time ¢ and
average speed s.

4. Use your equation to find the average speed for 500-mile trips that
take 6 hours, 8 hours, 12 hours, and 16 hours.

5. Add the (travel time, average speed) data from part (4) to your
graph. Do the new points fit the graph model you sketched for the
original data?
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B. The Cordova family is planning a trip to Mackinac Island (mak uh
naw) near the upper peninsula of Michigan. Mr. Cordova does some
calculations to see how the travel time will change if the family drives

at different average speeds.

Travel Times for Different Speeds

Average Speed (mi/h)

30

40

50

60

70

Travel Time (hr)

10

7.5

6

5

4.3

1. How far is it from Detroit to Mackinac Island?

2. What equation relates travel time ¢ to average speed s?

3. Describe the pattern of change in the travel time as the average
speed increases. How would that pattern appear in a graph of the
data? How is it shown by your equation?

4. Predict the travel times if the Cordovas drive at average speeds of

45 miles per hour and 65 miles per hour.

C. Suppose Mr. Cordova decides to aim for an average speed of 50 miles
per hour for the trip to Mackinac Island.

1. Make a table and graph to show how the distance traveled will
increase as time passes. Show times from when the family leaves
home to when they reach their destination.

2. Write an equation for the distance d the family travels in ¢ hours.

3. Describe the pattern of change in the distance as time passes.

4. Compare the (time, distance traveled) graph and equation with the
(time, average speed) graphs and equations in Questions A and B.

ACE Homework starts on page 53.
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@ Average Cost

The science teachers at Everett Middle School
want to take their eighth-graders on an overnight
field trip to a nature center. It costs $750 to rent
the center facilities. The school budget does not
provide funds to rent the nature center, so students
must pay a fee. The trip will cost $3 per student if
all 250 students go. However, the teachers know it
is unlikely that all students can go. They want to
find the cost per student for any number of
students.

52

Problem @ Inverse Variation Patterns

A. 1.

Write an equation relating the cost ¢ per student to the number of
students n.

. Use your equation to make a graph showing how the cost per

student changes as the number of students increases.

. Find the change in the cost per student as the number of students

increases from
a. 10to 20 b. 100 to 110 c. 200 to 210

. How do your results show that the relationship between the

number of students and the cost per student is not linear?

. Find the change in the per-student cost as the number of students

increases from
a. 20to 40 b. 40 to 80 c. 80to 160

. Describe the pattern in your results. Explain how your equation

from Question A shows this pattern.

D. The science teachers decide to charge $5 per student for the trip. They
will use any extra money to buy science equipment for the school.

1.

ACE

Write an equation for the amount a the teachers will collect if
n students go on the trip.

. Sketch a graph of the relationship.

. Is this a linear relationship or an inverse variation? Explain.

Homework starts on page 53.
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Applications

1. Consider rectangles with an area of 16 square inches.

a. Copy and complete the table.

Rectangles With an Area of 16 in.2

Length(in.)) | 1 |2 |3 |4 /56|78
Width (in.)

b. Make a graph of the data.
c. Describe the pattern of change in width as length increases.

d. Write an equation that shows how the width w depends on the
length ¢. Is the relationship linear?

2. Consider rectangles with an area of 20 square inches.
a. Make a table of length and width data for at least five rectangles.
b. Make a graph of your data.

c. Write an equation that shows how the width w depends on the
length ¢. Is the relationship linear?

d. Compare and contrast the graphs in this exercise and in Exercise 1.

e. Compare and contrast the equations in this exercise and in
Exercise 1.

3. A student collected these data from the bridge-length experiment.

Bridge-Length Experiment

Length (in.) 4 ' 6| 81| 9|10
Breaking Weight (pennies) | 24 | 16 | 13 | 11| 9

a. Find an inverse variation equation that models these data.

b. Explain how your equation shows that breaking weight decreases
as length increases. Is this pattern reasonable for this situation?
Explain.
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For Exercises 4-7, tell whether the relationship between x and y is an
inverse variation. If it is, write an equation for the relationship.

4 [xT17237als5]6]7]8]9]10
1098 7 6|5 4 321
> [x[1]2 4| 5 7 9 |10
y |48 24 16 12 96 8 68 6|53 48
6 [x[2135] 8 [10]15]20]25] 30 | 40
50 13320 12510 67| 5 | 4 |33 25
7.
x| 0 1,23 4|5 6|78 9
y [ 100 |81 6449 36|25 16|94 1

8. A marathon is a 26.2-mile race. The best marathon runners can
complete the race in a little more than 2 hours.

a. Make a table and graph that show how
the average running speed for a marathon
changes as the time increases. Show times
from 2 to 8 hours in 1-hour intervals.

b. Write an equation for the relationship
between time ¢ and average running
speed s for a marathon.

c. Tell how the average running speed
changes as the time increases from 2 hours
to 3 hours. From 3 hours to 4 hours. From
4 hours to 5 hours.

d. How do the answers for part (c) show that
the relationship between average running
speed and time is not linear?
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9.

10.

On one day of a charity bike ride, the route covers 50 miles.
Individual riders cover this distance at different average speeds. [ ®nline

HSchool.com
a. Make a table and a graph that show how the riding time For: Help with Exercise 9
changes as the average speed increases. Show speed values Web Code: ape-1309

from 4 to 20 miles per hour in intervals of 4 miles per hour.

b. Write an equation for the relationship between the riding
time ¢ and average speed s.

c. Tell how the riding time changes as the average speed increases
from 4 to 8 miles per hour. From 8 to 12 miles per hour. From 12
to 16 miles per hour.

d. How do the answers for part (c) show that the relationship
between average speed and time is not linear?

Students in Mr. Einstein’s science class complain about the length of

his tests. He argues that a test with more questions is better for students
because each question is worth fewer points. All of Mr. Einstein’s tests
are worth 100 points. Each question is worth the same number of points.

a. Make a table and a graph that show how the number of points per
question changes as the number of questions increases. Show point
values for 2 to 20 questions in intervals of 2.

b. Write an equation for the relationship between the number of
questions n and the points per question p.

c. Tell how the points per question changes
as the number of questions increases 7‘
from 2 to 4. From 4 to 6. From 6 to 8.
From 8 to 10. Name EST

d. How do the answers for part (c) ! -
show that the relationship between 2 17
the number of questions and the - 4
points per question is not linear? 3 2
4 13

« A

5 o 4 o o

6 o 15 o
7 16
8 17 -
9 . 18
10 19
20

«

-
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11. Testers drive eight vehicles 200 miles on a test track at the same
speed. The table shows the amount of fuel each vehicle uses.

Fuel-Efficiency Test

Vehicle Type Fuel Used (gal)
Large Truck 20
Large SUV 18
Limousine 16
Large Sedan 12
Small Truck 10
Sports Car 12
Compact Car 7
Sub-Compact Car 5

a. Find the fuel efficiency in miles per gallon for each vehicle.

b. Make a graph of the (fuel used, miles per gallon) data. Describe
the pattern of change shown in the graph.

c. Write a formula for calculating the fuel efficiency based on the
fuel used for a 200-mile test drive.

d. Tell how the fuel efficiency changes as the amount of fuel used
increases from 5 to 10 gallons. From 10 to 15 gallons. From 15 to
20 gallons.

e. How do the answers for part (d) show that the relationship
between the fuel used and the fuel efficiency is not linear?

Connections

12. Suppose the town of Roseville is giving away lots with perimeters of
500 feet, rather than with areas of 21,800 square feet.

a. Copy and complete this table.

Rectangles With a
Perimeter of 500 Feet

Length (ft)
Width (ft)
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b. Make a graph of the (length, width) data. Draw a line or curve that
models the data pattern.

c. Describe the pattern of change in width as length increases.

d. Write an equation for the relationship between length and width. Is
this a linear relationship? Explain.

A number b is the additive inverse of the numberaifa + b = 0. Go @nline
For example, —S5 is the additive inverse of 5 because 5 + (—5) = 0. ;P HSchool-com
For Exercises 13-18, find the additive inverse of each number. For: Multiple-Choice Skils

Practice
13. 2 14. —2 15. 2.5 Web Code: apa-1354
7 3
16. —2.11 17. 3 18. 7

19. On a number line, graph each number in Exercises 13-18 and its
additive inverse. Describe any patterns you see.

A number b is the multiplicative inverse of the number a if ab = 1. For
example,% is the multiplicative inverse of % because (g)(g) = 1. For
Exercises 20-25, find the multiplicative inverse of each number.

20. 2 21. -2 22. 0.5
3 5
23. 4 24, 1 25. 3

26. On a number line, graph each number in Exercises 20-25 and its
multiplicative inverse. Describe any patterns you see.

Jamar takes a 10-point history quiz each week. Here are his scores on the
first five quizzes: 8, 9, 6, 7, 10. Use this information for Exercises 27-28.
27. Multiple Choice What is Jamar’s average quiz score?
A.6 B. 7
C. 8 D. 9
28. a. Jamar misses the next quiz and gets a 0.
What is his average after six quizzes?

b. After 20 quizzes, Jamar’s average is 8.
He gets a 0 on the 21st quiz. What is his
average after 21 quizzes?

¢. Why did a score of 0 have a different
effect on the average when it was the
sixth score than when it was the
21st score?
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29. Suppose a car travels at a speed of 60 miles per hour. The equation
d = 60t represents the relationship between the time ¢ in hours and
the distance d driven in miles. This relationship is an example of a
direct variation. A relationship between variables x and y is a direct
variation if it can be expressed as y = kx, where k is a constant.

a. Find two relationships in this unit that are direct variations. Give
the equation for each relationship.

b. For each relationship from part (a), find the ratio of the dependent
variable to the independent variable. How is the ratio related to k
in the general equation?

¢. Suppose the relationship between x and y is a direct variation.
How do y-values change as the x-values increase? How does this
pattern of change appear in a graph of the relationship?

d. Compare direct variation and inverse variation. Be sure to discuss
the graphs and equations for these types of relationships.

Solve the equation using a symbolic method. Then, describe how the
solution can be found by using a graph and a table.

30. 5x —28= -3 31. 10 — 3x =7x — 10

For Exercises 32-34, find the equation of the line with the given
information.

32. slope —%, y-intercept (0, 5)
33. slope 3, passes through the point (2,2)
34. passes through the points (5,2) and (1, 10)

35. Find the equation for the line below.

Al Jabr's Self-Serve Wash

$12.y/‘
b 38
|9

$4

$0 «

0 6 12 18 24

Time (min)

36. Suppose 6 cans of tomato juice cost $3.20. Find the cost for

a. 1 can b. 10 cans C. ncans
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For Exercises 37-39, tell which store offers the better buy. Explain your
choice.

37. Gus’s Groceries: Tomatoes are 6 for $4.00
Super Market: Tomatoes are 8 for $4.60

38. Gus’s Groceries: Cucumbers are 4 for $1.75
Super Market: Cucumbers are 5 for $2.00

39. Gus’s Groceries: Apples are 6 for $3.00
Super Market: Apples are 5 for $2.89

Extensions

40. This net folds up to make a 5cm
rectangular prism.

a. What is the volume of the prism? 10 cm

b. Suppose the dimensions of the shaded 10 cm
face are doubled. The other dimensions
are adjusted so that the volume remains
the same. What are the dimensions of 10 cm
the new prism? 10 cm

5cm

¢. Which prism has the smaller surface
area, the original prism or the prism
from part (b)? Explain.

5cm

41. Ms. Singh drives 40 miles to her sister’s house. Her average speed is
20 miles per hour. On her way home, her average speed is 40 miles
per hour. What is her average speed for the round trip?

Investigation 3 Inverse Variation
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42. The drama club members at Henson Middle School are planning
their spring show. They decide to charge $4.50 per ticket. They
estimate their expenses for the show at $150.

a. Write an equation for the relationship between the number of
tickets sold and the club’s total profit.

b. Make a table to show how the profit changes as the ticket sales
increase from 0 to 500 in intervals of 50.

c. Make a graph of the (tickets sold, total profit) data.

d. Add a column (or row) to your table to show the per-ticket profit
for each number of tickets sold. For example, for 200 tickets, the
total profit is $750, so the per-ticket profit is $750 + 200, or $3.75.

e. Make a graph of the (tickets sold, per-ticket profit) data.

f. How are the patterns of change for the (tickets sold, total profit)
data and (tickets sold, per-ticket profit) data similar? How are they
different? How are the similarities and differences shown in the
tables and graphs of each relationship?

For Exercises 43-45, find the value of ¢ for which both ordered pairs
satisfy the same inverse variation. Then, write an equation for the
relationship.

43. (3,16),(12,¢) a4. (3,9), (4, ¢) a5. (3,4), (4,¢)

46. Multiple Choice The force acting on a falling object due to gravity
is related to the mass and acceleration of the object. For a fixed
force F, the relationship between mass m and acceleration a is an
inverse variation. Which equation shows the relationship between
F, m,and a?

A.F=ma B. m = Fa C. D.%=F

=3
I
S

47. Multiple Choice Suppose the time 7 in the equation d = rt is held
constant. What happens to the distance d as the rate r increases?

F. d decreases. G. d increases.

H. d stays constant. J. There is not enough information.

48. Multiple Choice Suppose the distance d in the equation d = rtis
held constant. What happens to the time ¢ as the rate r increases?

A. t decreases. B. fincreases.

C. ¢ stays constant. D. There is not enough information.
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In this investigation, you explored several examples of inverse variations
and looked for patterns in the tables, graphs, and equations of these
relationships. These questions will help you summarize what you have
learned.

Think about your answers to these questions. Discuss your ideas with other
students and your teacher. Then, write a summary of your findings in your
notebook.

1. Suppose the relationship between variables x and y is an inverse
variation.

a. How do the values of y change as values of x increase?
b. Describe the pattern in a graph of (x, y) values.

c. Describe the equation that relates the values of x and y.

2. How is an inverse relationship similar to a linear relationship? How is
it different?
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Unit Review

While working on the problems in this unit, you extended your skill in ( Go @nline
writing equations to express linear relationships. You also learned about For: Vocabula:;s;::i‘:'wc"m
a type of nonlinear relationship called an inverse variation. You used Puzzle

inverse and linear relationships to solve problems and make predictions. Web Code: apj-1051

Use Your Understanding:
Linear and Inverse Variation

Test your understanding of linear relationships and inverse variations by
solving the following problems about a recreation area that has a
playground, hiking trails, amusement rides, and a small farm.

1. This table shows the growth of one pig that was raised on the farm.

Average Growth of Properly-Fed Pig

Age (mo) 0| 1 2 3 4 5 6
Weight (Ib) | 3 | 48 | 92 | 137 | 182 | 228 | 273

Sourcke: Your 4-H Market Hog Project, lowa State University.

a. Make a graph of the (age, weight) data. Draw a line that seems to fit
the data pattern.

b. Find a linear equation in the form y = mx + b for your line from
part (a).

c. What do the values of m and b in your equation tell you about the
growth of the pig?

d. Use your equation to estimate the pig’s weight at 3.5 months and at
7 months.
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2. One group of students suspects that farm animals eat less when the
weather is warmer. They ask the farm staff to keep a record of what an
adult goat eats on days with different average temperatures.

Food Consumption for a Goat

Average Daily
Temperature (°F)

Food Eaten (kg) |39 |3.6|3.4 /3.0 27 |25]|22 19

30 | 40 | 45 | 55 | 60 | 75 | 85 | 90

a. Make a graph of the (temperature, food eaten)
data. Draw a line that seems to fit the data pattern.

b. Find a linear equation in the form y = mx + b for
your line from part (a).

c. What do the values of m and b tell you about the
relationship between temperature and the goat’s
food consumption?

d. Use your equation to predict how much the goat
would eat on a day with an average temperature
of 50°F. On a day with an average temperature
of 70°F.

3. A small train gives visitors rides around the park on a 5,000-meter
track. The time the trip takes varies. When many people are waiting in
line, the drivers go quickly. When there are fewer people waiting, they
go more slowly.

a. Sketch a graph showing how the average speed (in meters per
minute) changes as the trip time (in minutes) increases.

b. For what parts of your graph are the predicted speeds realistic?
Explain.

c. Write an equation relating the average speed s to the trip time .

d. Write several sentences explaining as accurately as possible how
average speed changes as trip time changes. In particular, describe
the type of variation involved in this relationship.

Looking Back and Looking Ahead
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Explain Your Reasoning

In this unit, you learned how to use models of linear relationships and
inverse variations to solve a variety of problems. When you present work
based on these relationships, you should be able to justify your calculations
and conclusions.

4. How do you decide when a data pattern can be modeled well by a
linear equation in the form y = mx + b? How will the values m and b
relate to the data pattern?

5. How are the data patterns, graphs, and equations for the inverse
variations you studied similar to and different from those modeled by
linear equations?

6. How can a graph or equation model for a relationship be used to solve
practical problems?

7. What limitations do mathematical models have as problem-solving
tools?

Look Ahead

The work you did with linear relationships and inverse variations in this
unit will be useful in many upcoming Connected Mathematics units and in
the algebra and calculus courses you take in the future. As you progress
through high school and college, you will see that linear and inverse
relationships have applications in science, economics, business, technology,
and many other fields of study.
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A,

additive inverses Two numbers, ¢ and b, that
satisfy the equation a + b = 0. For example, 3 and
—3 are additive inverses, and 5 and —% are additive
inverses.

inversos aditivos Dos nimeros, a y b, que
cumplen con la ecuacién a + b = 0. Por ejemplo,
3 y .—3 son inversos aditivos,y 5 y —5 son inversos
aditivos.

o

inequality A statement that two quantities are not
equal. The symbols >, <, =, and = are used to
express inequalities. For example, if a and b are two
quantities, then “a is greater than »” is written as

a > b,and “a is less than b” is written as a < b.
The statement a = b means “a is greater than or
equal to b.” The statement a = b means that “a is
less than or equal to b.”

desigualdad Enunciado que dice que dos
cantidades no son iguales. Los signos >, <, =,y <
se usan para expresar desigualdades. Por ejemplo,
si a 'y b son dos cantidades, entonces “a es mayor
que b”, se escribe a > b,y “a es menor que b”

se escribe a < b. El enunciado a = b quiere decir
“a es mayor que o igual a b.” El enunciadoa < b
quiere decir “a es menor que o iguala b.”

inverse variation A nonlinear relationship in
which the product of two variables is constant. An
inverse variation can be represented by an equation
of the form y = %, or xy = k, where k is a constant.
In an inverse variation, the values of one variable

decrease as the values of the other variable increase.

In the bridge-length experiment, the relationship
between length and breaking weight was an inverse
variation.

variacion inversa Una relacion no lineal en la que
el producto de dos variables es constante. Una
variacion inversa se puede representar por una
ecuacién de la formay = 3, 6 xy = k,donde k es
una constante. En una variacién inversa, los valores
de una variable disminuyen a medida que los
valores de la otra variable aumentan. En el
experimento de la longitud de los puentes, la
relacion entre la longitud y el peso de colapso era
una variacion inversa.

L)

linear relationship A relationship in which there
is a constant rate of change between two variables.
A linear relationship can be represented by a
straight-line graph and by an equation of the form
y = mx + b.In the equation, m is the slope of the
line, and b is the y-intercept.

relacion lineal Una relacion en la que hay una tasa
de cambio constante entre dos variables. Una
relacion lineal se puede representar por una grafica
de linea recta y por una ecuacién de la forma

y = mx + b.En la ecuacién, m es la pendiente

de larectay b es el intercepto y.

English/Spanish Glossary
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mathematical model An equation or a graph that
describes, at least approximately, the relationship
between two variables. In this unit, mathematical
models are made by acquiring data, plotting the data
points, and, when the points showed a pattern,
finding an equation or curve that fits the trend in the
data. A mathematical model allows you to make
reasonable guesses for values between and
sometimes beyond the data points.

modelo matematico Una ecuacién o una gréfica
que describe, al menos approximadamente, la
relacion entre dos variables. En esta unidad, los
modelos matemaéticos se hacen obteniendo datos,
trazando los puntos de los datos y, cuando los
puntos muestran un patrén, hallando la ecuacién o
curva que muestra la tendencia de los datos. Un
modelo matemdtico permite hacer estimaciones
razonables para los valores entre y, a veces, fuera de
los puntos de los datos.

multiplicative inverses Two numbers, a and b, that
satisfy the equation ab = 1. For example, 3 and 3
are multiplicative inverses, and —% and -2 are
multiplicative inverses.

Thinking With Mathematical Models

inversos multiplicativos Dos nimeros,a y b, que
cumplen con la ecuacion ab = 1. Por ejemplo, 3y 3
son inversos multiplicativos,y —5y -2 son
inversos multiplicativos.



Additive inverses, 57, 65
Areamodel,16,19,22,43-44,59
making, 16-17,22

Bridge model
thickness, 5-7, 14, 33
length, 8-9, 14,49, 53

Check for reasonableness, 25,
31,49,53

Concrete model, see Model
Dead load, 9

Diagram, 14-19,22,43-44,59
Direct variation, 58

Engineering, models, 5-11, 1315,

33,43-44,49,53

Equation (see also Inverse
variation equation; Linear
equation), 4, 2464

ACE, 18-19,33-45,53-60

formula for an inverse
variation, 49, 65

formula for a linear, 29, 34, 37,
39, 62-64, 65

inverse variation, 49-51, 61,
63,65

linear, 4,24-32, 46, 62, 64, 65

as a mathematical model, 66

writing, 19,25-29,33-39,41,
43,45, 48-52,53-58, 60,
62-63

y-intercept, 28-29, 35-36, 58

Equation model, see Equation

Experiment

testing bridge lengths, 5-7

testing paper bridges, 8-9

Formula

for a direct variation equation,
58

for a linear equation, 29, 34, 37,
39,62-64, 65

for an inverse variation
equation, 49, 65

Glossary, 65-66

Graph, 7,9, 11,23,25-26, 31, 46,
48-52, 61, 62-64, 66

ACE, 12-13,15-17,21,33-34,
38-39,42,53-58, 60

fitting a line to data, 25-26,
33-34,48-50, 62—-63

inverse variation, 48-52, 61,
63-64

linear, 4,7, 11, 23,25-32, 46, 52,
62,64

making,7,9,11-13,15-17, 21,
26,33-34,38-39,48,50-52,
53-57,60,62-63

as a mathematical model, 25, 66

nonlinear,9,11,48-52,61,63—-64

non-numerical, 42, 63

writing stories to match, 42

Graph model, see Graph; Linear
graph; Nonlinear graph

Inequality, 4, 31, 65
writing, 31, 38, 40

Interpreting data

area model, 16-17, 19,22,
43-44,59

diagram, 1419, 22,43-44,59

net, 22,59

graph, 7,9,11-13,15-17, 21, 23,
25-26,31,33-34,38-39, 42,
46, 48-58,60-64, 66

number line, 57

rod model, 10-11, 13-15,43-44

table, 7,9,11-13,15,17,21,
23-24,28,31-34,36,39-40,
46,48-51,53-56, 58, 60,
62-63

Inverse relationship, 47-52
ACE, 53-64
pattern, 47-61, 64

Inverse variation, 3,4, 47-52, 61,
62—-64, 65
ACE, 53-60
definition, 49, 65

Inverse variation equation, 49-51,
61,63,65
ACE, 53-60
formula for, 49, 65

Inverse variation graph, 48-52, 61,
6364
ACE, 53-58, 60
making, 48, 50-52,53-57, 60, 63

Inverse variation model
ACE, 53-60
predicting with, 47-52
Inverses
additive, 57, 65
multiplicative, 57, 66
Investigations
Exploring Data Patterns, 5-23
Inverse Variation, 47-61
Linear Models and Equations,
24-46
Justify answer, 7,9, 11,27,31-32,
52
ACE, 12,16,19,21-22,33, 37,
40, 53,57,59
Justify method, 18, 43
Linear equation, 4,24-32, 46, 62,
64,65
ACE, 18-19,33-45
formula for, 29, 34,37, 39,
62—64, 65
y-intercept, 2829, 35-36, 58
Linear graph, 4,7, 11,23,25-26,
28,30-31,46,52,62,64
ACE, 12-13,15,18,21,33-39,
41,58
making, 7,11, 12-13, 15,21, 26,
33-34,38-39,52,62
Linear model
ACE, 12-22,33-45
for experimental data, 5-7
intersecting, 32
predicting with, 5-7, 1011,
24-32
Linear relationship, 5-7, 9-11,
24-32, 65
ACE, 12-22,33-45
bridge painting, 24-26, 43
bridge thickness, 5-7, 14,33
definition, 65
equation for, 4,24-32, 46, 62,
64,65
graph of, see Linear graph
pattern, 5-7,10-45, 64
setting the right price, 17,
27-31,34,39,52
Live load, 9
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Load, 9

Looking Back and Looking
Ahead: Unit Review, 62—-64

Manipulatives

bridge model, 5-9

folding paper models, 19,22
Mathematical Highlights, 4

Mathematical model, 25, 66
(see also Graph; Equation)

Mathematical Reflections, 23, 46,
61

Model
area, 16—-17,19,22,43-44,59
diagram, 14-16, 18-19, 22,
43-44,59
net, 22,59
graph, 18, 25,28, 30, 33,35-37,
41-42,48-49,58
rod, 10-11,13-15,43-44
Multiplicative inverses, 57, 66

Net, 22,59
making, 22

Nonlinear equation, see Inverse
variation equation
Nonlinear graph, 9, 11, 48-52, 61,
63-64
ACE, 13,16-17,53-58, 60
making, 9,11, 13,16-17, 48,
50-52,53-57,60, 63
Nonlinear model
ACE, 18-19,53-60
prediction with, 8-9, 47-52
Nonlinear relationship (see also

Inverse variation), 47-52, 61

ACE, 53-60

area and perimeter, 1617,
47-48,53,56-57,59

bridge length and breaking
weight, 8-9, 14,49, 53

building with rods, 10-11,
13-15,43-44

graph of, see Nonlinear graph

pattern, 8-9, 12-22,47-52, 64

speed and time, 50-51, 54-55,
58,63

Non-numerical graph, 42, 63
making, 63
writing stories to match, 42

Notebook, 23, 46, 61
Number line, making, 57

Pattern
ACE, 12-22,33-45,53-60
extending, 10-11
inverse variation, 47-61, 64
linear, 5-7,10-45, 64
looking for, 7,9, 11, 12-22,23,
33-34,48,50-52, 53,57, 60,
61,62, 64
nonlinear, 8-9, 12-22, 47-52, 64
prediction with, 5-11, 12-22,
23,24,26,47-48
Pictorial model, see Model
Picture, see Diagram

Prediction
ACE, 12-22,33-45,53-60
using experimental data, 5-9
using inverse variation models,
47-52
using linear models, 5-7, 10-11,
24-32
using nonlinear models, 8-9,
47-52
using a pattern, 5-11, 12-22, 23,
24,26,47-48
Problem-solving strategies
looking for a pattern, 7,9, 11,
12-22,23,33-34,48,50-52,
53,57,60,61,62,64

making an area model, 16-17,22
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making a net, 22
making a number line, 57
making a table, 7,9, 11, 13, 15,
40, 48,50-51, 53-56, 60
writing an equation, 19, 25-29,
33-39,41,43,45,48-52,
53-58, 60, 62-63
Relationship
ACE, 12-22,33-45,53-60
equation for, 24-32,47-52,
62-64
graph of, see Graph
inverse, 47-52,53-64
linear, 5-7,9-11,24-32, 65
nonlinear, 47-52, 61
Rod model, 10-11, 13-15,43-44
Scale model, 6
Slope, 28-29,35-36, 41, 58
Table, 7,9, 11,23, 24,28,31-32, 46,
48-51,62-63
ACE, 12-13,15,17,21,33-34,
36,39-40,53-56, 58, 60
making, 7,9, 11,13, 15, 40, 48,
50-51,53-56, 60
Variables
linear relationships between, 4,
5-7,10-11, 12-46, 62-64
inverse relationships between,
4,47-52,53-64
nonlinear relationships
between, 4, 8-9, 47-52,
53-64

Writing stories to match graphs,
42

y-intercept, 28-29,35-36, 58





