
Ratio and
Proportion

Gearing Up Understanding gear ratios can help you ride your bike more efficiently.

A bike chain goes around a front chain ring (which is connected to the pedal) and a
rear chain cog (which turns the back wheel). Changing gears moves the chain to a
different rear cog or a different front ring.

The gear ratio for a particular gear tells you how many times the rear wheel rotates
each time you rotate the pedals once. You find the gear ratio by counting teeth.

gear ratio = 

For example, if the chain is on a front ring with 54 teeth and a rear cog with 27 teeth,
the gear ratio is �

5
2
4
7�, or �

2
1�. This means that the back wheel rotates twice every time the

pedals rotate once. If the chain is moved to a rear cog with 11 teeth, the gear ratio is
now �

5
1
4
1�, or about �

5
1�. The back wheel now turns five times every time the pedals rotate

once.

Think About It If you want to travel as far as possible with the least amount of
pedaling, would you want to be in a gear with a high gear ratio or a low gear ratio?

number of teeth on front chain ring
number of teeth on rear chain cog

Front Chain Ring
Rear Chain Cog➜

➜
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Family Letter

Dear Student and Family Members,

In the next chapter, our class will study ratio and proportion. We will
begin with the idea of mixing different strengths of dye to explore ratios.
Using this model makes the idea of ratio and proportion easy to see and
understand. For example, Mixture A will be darker because the ratio of dye
to water is 3:1, and it is only 2:1 in Mixture B.

We will also learn how to scale ratios. For example, to make a larger
batch of Mixture A, keep the ratio the same but increase the number of
cans. This can be done by multiplying both parts of the ratio by the
same number.

Percentages are a kind of ratio. Some people may refer to 4 out of 5
athletes while others may describe the same group as 80% of the athletes.
Often, we are not interested in the actual amounts of two quantities but
only in what percent of the whole each of these quantities represents.
Percentages let us compare things on a common scale. Can you think of
situations in which you have seen or used percents?

We will use proportions to find missing quantities and to estimate large
quantities that would be difficult or impossible to count. For instance, we
can estimate the total number of people affected by a flu epidemic by
counting the number in a small sample and using the proportion to estimate
the total.

Vocabulary Along the way, we’ll be learning about these two new
vocabulary terms:

proportion unit rate

What can you do at home?
Encourage your student to point out different instances where ratios are

used in his or her life, such as finding the cost of 5 cans of beans if 2 cans
cost 70 cents. Other examples might include a ratio of adults to students on
a field trip or a label that shows your favorite drink consists of 10% juice.

impactmath.com/family_letter 519

Mixture A Mixture B
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520 C H A P T E R  8 Ratio and Proportion

TastySnacks Inc. is 
introducing Lite Crunch-
ers, a reduced-fat version
of its best-selling
Crunchers popcorn.

The tables list nutrition
information for both
products.

Original Crunchers Lite Crunchers
Serving size: 35 g Serving size: 35 g

Total Fat 6 g Total Fat 3 g
Saturated fat 5 g Saturated fat 2 g

Cholesterol 0 mg Cholesterol 0 mg

Sodium 200 mg Sodium 160 mg

Total Carbohydrate 15 g Total Carbohydrate 25 g
Dietary fiber 1 g Dietary fiber 2 g
Sugars 0 g Sugars 0 g

Protein 2 g Protein 3 g

Many comparison statements can be made from this information. Below
are some comparisons involving differences, ratios, rates, and percents.

Comparing with
Ratios and Rates

Difference Comparisons

• A serving of Lite Crunchers has 22 more grams
of carbohydrate than grams of protein.

• Original Crunchers has 40 more milligrams of
sodium per serving than Lite Crunchers.

Rate Comparisons

• Lite Crunchers contains 3 g of protein per
serving.

• Original Crunchers contains 200 mg of sodium
per serving. 

Ratio Comparisons

• The ratio of saturated fat grams to total fat
grams in Original Crunchers is 5 to 6.

• The ratio of fiber grams in Lite Crunchers to
fiber grams in Original Crunchers is 2:1.

Percent Comparisons

• Almost 67% of the fat in Lite Crunchers is
saturated fat.

• Original Crunchers contains 25% more sodium
than Lite Crunchers.
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Explore
Work with a partner to write more comparison statements about the
nutrition data. Try to write a difference comparison, a ratio compari-
son, a rate comparison, and a percent comparison.

The TastySnacks advertising department is designing a bag for the
new popcorn. They want the bag to include a statement comparing
the amount of fat in Lite Crunchers to the amount in Original
Crunchers. Write a statement you think would entice people to try
Lite Crunchers.

11 Thinking about Ratios

Now that you have had some practice thinking about different types of
comparisons, turn your attention to ratios and rates. You already know a
lot about them from previous work in this course, earlier grades, and your
own life. You will now use that knowledge to reason about ratio and rate
comparisons.

Problem Set A

1. Consider this keyboard.

a. What is the ratio of white keys to black keys on the keyboard?

b. This pattern of keys is repeated on larger keyboards. How
many black keys would you expect to find on a keyboard with
42 white keys?

c. What is the ratio of black keys to all keys on this keyboard?

d. How many black keys would you expect to find on a keyboard
with 72 keys in all?

Remember
Ratios may be written
in several ways. Here
are three ways to
express the ratio
“four to one.”
4 to 1 4:1 �

4
1�
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522 C H A P T E R  8 Ratio and Proportion

2. The square tiles on Efrain’s kitchen floor are laid in this pattern.

a. What is the ratio of white tiles to purple tiles in this pattern?

b. The entire kitchen floor contains 1,000 purple tiles. How many
white tiles does it have?

c. What is the ratio of white tiles to all tiles in this pattern?

d. If a floor with this pattern has 2,880 tiles in all, how many white
tiles does it have?

3. Lucetta participated in a 
walkathon to raise money for 
diabetes research. The graph
shows the progress of her walk.

a. At what rate is Lucetta 
walking?

b. How many miles would you 
expect Lucetta to walk in 
4.5 hours?

4. Mercedes made this bead necklace at 
summer camp.

a. What is the ratio of spherical 
beads to cube-shaped beads on 
the necklace?

b. Mercedes wants to make a longer
necklace with beads in the same
pattern. If she plans to use 20
spherical beads, how many cube-
shaped beads will she need?

c. What is the ratio of cube-shaped beads to all beads on this necklace?

d. Mercedes wants to make a bracelet in the same pattern. If she
uses 10 beads in all, how many cube-shaped beads will she need?

  8
7
 6
5
4
3
2
1

20 1 3
Time (hours)
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4
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L E S S O N  8 . 1 Comparing with Ratios and Rates 523

5. The two numbers on each card in this set are in the same ratio.

a. Find the missing numbers. Explain how you found your answers.

b. What ratio expresses the relationship between the top number
and the bottom number on each card?

c. Draw three more cards that belong in this set.

6. The two numbers on each card in this set are in the same ratio.

a. Fill in the missing numbers.

b. Draw three more cards that belong in this set.

Problem Set B

The lists show the 10 most popular first names in the United States given
to children born during the 1990s.

Boys Girls
1. Michael 1. Ashley

2. Christopher 2. Jessica

3. Matthew 3. Sarah

4. Joshua 4. Brittany

5. Nicholas 5. Emily

6. Jacob 6. Kaitlyn

7. Andrew 7. Samantha

8. Daniel 8. Megan

9. Brandon 9. Brianna

10. Tyler 10. Katherine

1. What is the ratio of names that start with J to names that don’t?

2. What is the ratio of students in your class with one of these first
names to students whose names are not on these lists?

3. What is the ratio of students in your class whose first or middle
names are on these lists to the total number of students?

1,000
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9
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4. Now you will use the lists to make some other ratio comparisons.

a. Write two ratio statements based on the information on these
lists. For example, one possible statement is “The ratio of girls’
names that have only the letter a as a vowel to all the girls’ names
is 1 to 5.”

b. Try to write two different comparisons that involve the same ratio.

Share
Summarize

1. Work with a partner to write at least five ratio statements about
this quilt, which has white, blue, and purple squares.

2. Write a ratio statement about the quilt that involves each given
ratio.

a. 1:4

b. 1:3

c. 3:5

22 Comparing and Scaling Ratios

You have practiced writing ratios to express comparisons between
quantities. Reasoning about ratios will help you solve the problems
in this investigation.
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Problem Set C

Researchers at First-Rate Rags are developing a shade of blue for a new
line of jeans. They are experimenting with various shades by mixing
containers of blue dye and water.

1. Below are two mixtures the researchers tested. Each blue can repre-
sents a container of dye, and each white can represents a container
of water. All containers contain the same amount of liquid. Which
mixture is darker blue? Explain how you decided.

In Problems 2–4, tell which mixture is darker blue.

2.

3.

4. Mixture G Mixture H

Mixture E Mixture F

Mixture C Mixture D

Mixture A Mixture B

Think  Discuss
Shaunda and Simon found different answers for Problem 4.

Whose reasoning is correct? How would you use the correct student’s method to solve Problem 1?

Mixture G Mixture H

Simon thought
about ratios.

Shaunda thought
about differences.           

Mixture G has 1 more water 
container than dye 
containers, and Mixture H 
has 3 more water containers 
than dye containers. 
Mixture G must be darker.

The ratio of dye 
containers to all 
containers is     in 
Mixture G  and     in 
Mixture H. 
Since     =    , 
both mixtures are 
blue dye. They must be 
the same shade.

1
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Problem Set D

The researchers at First-Rate Rags have found some shades they like.
Now they want to make larger batches of dye.

1. The researchers call this mixture Blossom Blue. Draw a picture to
show how Blossom Blue can be created using 12 containers in all.

2. This mixture is called Sky Blue. Draw a set of containers that could
be used to create a larger batch of Sky Blue.

3. This mixture is called Robin’s Egg. Draw a set of containers that
could be used to create a larger batch of Robin’s Egg.

4. Order the three mixtures above from darkest to lightest. Use ratios
to explain your ordering.

Share
Summarize

1. Describe a strategy for determining which of two shades of blue
is darker. Use your strategy to determine which mixture below
is darker.

2. Draw a set of containers that would create a larger batch of dye
the same shade as Mixture X. Explain how you know the shade
would be the same.

Mixture X Mixture Y
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33 Using Ratio Tables

In the last investigation, you figured out how to make larger batches of
dye that would be the same shade as a given mixture. There are many
ways to think about problems like these.

The mixture at right is Sky Blue. Jin Lee,
Zach, and Maya tried to make a batch of
Sky Blue using nine containers.

Here’s how they each reasoned about the problem.

Think  Discuss
Did all the students reason correctly? Explain any mistakes they made.

Did any of the students use reasoning similar to your own?

When Jin Lee solved the problem above, she made copies of the original
mixture until she had the correct number of containers. Jin Lee could have
used a ratio table to record her work. A ratio table—a tool for recording
many equal ratios—can help you think about how to find equal ratios.

This ratio table shows Jin Lee’s thinking.

Blue Containers 2 4 6

Total Containers 3 6 9

All columns of a ratio table contain numbers in the same ratio. The equiv-
alent ratios in this table are �

2
3

�, �
4
6

�, and �
6
9

�.

I'll draw copies of the 
3 containers until I 
have 9 in all. First I 
draw the mixture, 
that's 3 containers. 
Then I draw it again 
to get 6 containers.
I draw it once more to 
get 9 containers and 
I'm done.

The original mixture
has 1 more container
of dye than water. The
new mixture must also
have 1 more container 
of dye than water. So
I'll draw 9 containers,
 5 blue and 4 clear.

In the original mixture,
   of the containers are
blue. If I use 9 
containers,     of them 
must be blue.     of 9 is
6, so 6 containers
must be blue and 3 
must be clear.

MayaZachJin Lee

The terms rate and
ratio come from a Latin
word that means “to
calculate.”

facts
Just

t h e
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Problem Set E

1. Complete this ratio table to show the number of blue containers and
the total number of containers for various batches of this shade.

Blue 3 4 8 25 200

Total 2 8 74

2. The ratio table in Problem 1 compares the number of blue containers
to the total number of containers. Complete the next ratio table to
compare the number of blue containers to the number of clear con-
tainers in this mixture.

Blue 2 6 10 90 n

Clear 1.5 3 15

3. The school band is holding a car wash to raise money for new uni-
forms. Ms. Chang, the band director, wants to order pizza for every-
one. After the car wash last year, 20 people ate 8 pizzas.

a. Complete this ratio table based on last year’s information.

People 10 15 20

Pizzas 2 8

b. How many people will two pizzas feed?

c. If Ms. Chang is planning to feed 25 people, how many pizzas will
she need?

4. Jayvyn and Rosario are planning a party, and they want to figure out
how many pints of ice cream to order. At Pepa’s party the month
before, 16 people ate 12 pints of ice cream. Jayvyn and Rosario
want the same ratio of ice cream to people at their party.

a. Complete this ratio table based on the information about Pepa’s
party.

People 12 16 20 24

Pints 12

b. How many people will 3 pints of ice cream serve?

c. Jayvyn said that if they extend the table, it will show that 45 pints
are needed to serve 60 people. Is Jayvyn correct? How do you
know?
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Share
Summarize

This mixture is called Sea Blue.

1. Describe how you could find a mixture of Sea Blue that uses 
9 containers in all.

2. Make a ratio table to show the number of blue containers and the
total number of containers you would need to make different-sized
batches of Sea Blue.

44 Comparison Shopping

In the blue-dye problems, you can compare ratios to find the darkest
mixture, and you can scale ratios to make larger and smaller batches
of a given shade. Comparing and scaling ratios and rates is useful in
many real-life situations.

In this investigation, you will see how these skills can help you get the
most for your money.

Problem Set F

1. Abby is inviting several friends to camp in her back yard, and she
wants to serve bagels for breakfast. She knows that Bagel Barn
charges $3 for half a dozen bagels, and Ben’s Bagels charges $1 for
three bagels. At which store will Abby get more for her money?
Explain how you found your answer.

2. Abby is considering serving muffins instead of bagels. Mollie’s
Muffins charges $6.25 per dozen. The East Side Bakery advertises
“Two muffins for 99¢.” Where will Abby get more for her money?
Explain.
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There are many ways to solve Problem 1 of Problem Set F. Here’s how
Simon thought about it.

Shaunda thought about the problem by scaling ratios.

Think  Discuss
Did you solve the bagel problem using a method similar to either
Simon’s or Shaunda’s?

Solve Problem 2 of Problem Set F using Simon’s or Shaunda’s
method. Use a different method from the one you used to solve it
the first time.

Simon’s method involves finding unit rates. In a unit rate, one quantity is
compared to 1 unit of another quantity. Simon found the prices for one
bagel and compared them. Here are some other examples of unit rates.

$1.99 per lb 65 miles per hour $15 for each CD

24 students per teacher 3 tsp in a tbsp 4 quarts in 1 gallon

Unit rates that involve prices—such as 50¢ per bagel and $1.99 per
pound—are sometimes called unit prices. Supermarket shelves often have
tags displaying unit prices. These tags can help consumers make more
informed decisions about their purchases.

I figured 
out how 
much 1 
bagel at 
each 
store 
would 
cost.

Ben's  charges $1 for 3 bagels, or     
about 33   each. Abby will get more
for her money at Ben's.                   

Bagel Barn charges $3 for 6 
bagels. I divided to find the 
price per bagel: $3 ÷ 6 = 50  .c/

c/

At Bagel Barn, 6
bagels cost $3. I can
write this as the
ratio 6:3.

Now I know 
the price for 
6 bagels at 
both stores: 
$3 at Bagel 
Barn, and $2 
at Ben's. 
Bagels are 
cheaper at 
Ben's.

can write this as
3:1 and then scale
up to find the price
for 6 bagels. 
Multiplying both
parts of the ratio by

At Ben's,
3 bagels
cost $1. I

V O C A B U L A R Y
unit rate
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Problem Set G

Use unit rates to help you answer Problems 1–3.

1. Camisha has a long-distance plan that charges the same amount for
each minute of a call, but the rate depends on where she calls. A 12-
minute call to Honolulu costs $4.44. A 17-minute call to Hong Kong
costs $7.14. Which long-distance rate is higher: the rate to Honolulu
or the rate to Hong Kong? Explain how you found your answer.

2. At FreshStuff Produce, Anthony paid $3.52 for four mangoes. Maria
bought six mangoes at FruitMart for $5.52. Which store offers the
better price for mangoes? Explain how you found your answer.

3. At Xavier’s Music Store, blank
CDs are sold in four packages.

Which package costs the least per
CD? Explain how you found your
answer.

4. Coach Mico found
several ads for soc-
cer balls in the
sports section of
the local paper.
Use the technique
of scaling ratios to
find which store
offers the best buy.
Explain how
you made your
decision.

Share
Summarize

1. Explain how unit prices can help you make wise purchasing deci-
sions. Give an example if it helps you to explain your thinking.

2. Suppose a package of 8 pencils costs 92¢ and a package of 12
costs $1.45. Which method would you prefer to use to find which
package costs the least per pencil? Explain.

CDs
For Sale!

Package A: 3 for $9.99
Package B: 5 for $12.95
Package C: 8 for $14.95
Package D: 10 for $19.95

Sport Town5 balls

$32

Big Kicks
10 balls

$55only

SOCCER

20 balls

Warehouse$115
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On Your Own Exercises

1. Sports Mount McKinley is located in Denali National Park, Alas-
ka. Between 1980 and 1992, 10,470 climbers attempted to reach its
summit, a height of 20,320 feet. Of these climbers, 5,271 were suc-
cessful. The five comparisons below are based on this information.

i. More than half the people who attempted to reach the summit
were successful.

ii. The ratio of climbers who successfully reached the summit to
those who failed is 5,271 to 5,199.

iii. Of the climbers who attempted to reach the summit, 72 more
succeeded than failed.

iv. The ratio of the total number of climbers to the number of
successful climbers is about 2 to 1.

v. Almost 50% of the people who attempted to climb Denali
failed.

a. Explain why each statement is true.

b. Suppose that Expert Expeditions arranges group climbing trips on
Mount McKinley. Their guides help less-experienced climbers
reach the summit. The company is designing an advertising
brochure and would like to include one of the statements above.
Which do you think they should use? Explain your reasoning.

&Practice
Apply

The highest mountain
on the North American
Continent, Mount
McKinley, was named
for William McKinley,
the 25th U.S. president
(1897–1901).

facts
Just

t h e
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2. Emilio is laying out the pages of a newspaper. He divides one of the
pages into 24 sections and decides which sections will be devoted to
headlines, to text, to pictures, and to advertisements.

Describe something in the layout that has each given ratio.

a. 1 to 3 b. 1:4 c. 3:4

3. Decide whether Mixture A or Mixture B is darker, and explain why.

4. First-Rate Rags has finally agreed on a shade of blue for their jeans:
Ultimate Denim. A sample of the dye is shown below.

How many containers of blue dye and water are needed for a batch
of dye that has a total of 75 containers?

Mixture A Mixture B

Headlines

Key

Pictures

Text

Ads
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For each pair of mixtures, decide which is a lighter shade of blue. Then
draw or describe a larger batch that will make the same shade as the
lighter mixture’s shade.

5.

6.

7.

8.

For each mixture, complete the ratio table.

9.

Blue 1 3 6 10 50 100 n

Clear

10.

Blue 1 2 5 10 50 100 n

Total

In Exercises 11–13, is the given table a ratio table? If so, tell the ratio. If
not, explain why not.

11. 3 6 9 12 15

5 10 15 20 25

12. 1 4 7 10 13

2 5 8 11 14

13. 3 30 300 3,000 30,000

9 90 900 9,000 90,000

Mixture G Mixture H

Mixture E Mixture F

Mixture C Mixture D

Mixture A Mixture B
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In Exercises 14–17, tell whether the given rate is a unit rate or a 
non-unit rate.

14. 25 heartbeats in 20 seconds 15. 72 heartbeats per minute

16. 30 mph 17. 200 miles per 5-hour period

18. To serve 7 people, Winema needed 2 pizzas. What was the per-per-
son rate?

19. At basketball camp, Belicia made 13 baskets for every 25 shots she
attempted. What was Belicia’s success rate per attempt?

20. Jogging burns about 500 calories every 5 miles. What is the rate of
calorie consumption per mile?

In Exercises 21–23, determine the unit price for each offer. Then tell
which offer is best.

21. 2 pens for $3, 10 pens for $16,
or 5 pens for $7

22. 5 lb of potatoes for $2.99,
10 lb of potatoes for $4.99,
or 15 lb of potatoes for
$6.99

23. 3 toy racing cars for $7,
5 toy racing cars for $11,
2 toy racing cars for $4.50

24. Preview Explore the ratios of x- and y-coordinates for some lines.

a. Graph the line that goes through these points: (6, 4), (12, 8), and
(�9, �6).

b. What is the ratio of x to y?

c. Choose some points with an x:y ratio of �
2
5

�. Graph the points on
the same axes as in Part a. Draw a line through your points.

d. Now choose some points with an x:y ratio of �
3
4

� and graph them.
Draw a line through your points.

e. What do you notice about the three lines you graphed?

f. Calculate the slope of each line. How are the slopes related to
the ratios?

&Connect
Extend
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25. Architecture In ancient Greece, artists and architects believed
there was a particular rectangular shape that looked very pleasing to
the eye. For rectangles of this shape, the ratio of the long side to the
short side is roughly 1.6:1. This ratio is very close to what is known
as the Golden Ratio.

a. Try drawing three or four rectangles of different sizes that look
like the most “ideal” rectangles to you. For each rectangle,
measure the side lengths and find the ratio of the long side to
the short side.

b. Which of your rectangles has the ratio closest to the Golden
Ratio?

26. Consider this mixture.

a. Draw a mixture that is darker than this one but uses fewer con-
tainers. (Do not make all the containers blue!)

b. Explain why you think your mixture is darker.

27. Measurement Susan always forgets how to convert miles to kilo-
meters and back again. However, she remembers that her car’s
speedometer shows both miles and kilometers. She knows that trav-
eling 50 miles per hour is the same as traveling 80 kilometers per
hour. So, in one hour she would travel 50 miles, or 80 kilometers.

a. From this information, find the ratio of miles to kilometers in
simplest terms.

b. To cover 100 km in an hour, how fast would Susan have to go in
miles per hour? Explain how you found your answer.

28. Denay’s class sold posters to raise money. Denay wanted to create a
ratio table to find how much money her class would make for differ-
ent numbers of posters sold. She knew they would raise $25 for
every 60 posters sold.

a. Describe how Denay can use that one piece of information to
make a ratio table. Assume the relationship is proportional.

b. How much money would Denay’s class make for selling 105
posters?

c. Could Denay’s class raise exactly $31? If so, how many posters
would they need to sell? If not, why not?

The famous Greek
temple the Parthenon,
made entirely of white
marble in the fifth
century B.C., was built
according to the
Golden Ratio.

facts
Just

t h e
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29. This table is not a ratio table.

x 20 30 40 50

y 0.5 1 1.5 2

a. Graph the values in the table, and describe the shape of the graph.
Draw a line or a smooth curve through the points.

b. Make a table of ratios equivalent to 20:0.5. Include at least four
entries in addition to the ratio 20:0.5. Call the values correspond-
ing to the first quantity in the ratio x and the other values y.

c. Graph the values in your new ratio table. Draw a line or a smooth
curve through the points.

d. How are the two graphs alike? How are they different?

e. Make another ratio table of x and y values using a ratio close to
20:0.5, such as 18:0.5 or 21:0.5. Graph the values in your table,
and draw a line or a smooth curve through the points.

f. Challenge What characteristic do the graphs in Parts c and e
share but the graph in Part a does not? Explain why this is so.

30. Kate wants to make a batch of mixed nuts for a party she is plan-
ning. The local health food store sells nuts by weight, so Kate can
measure out exactly how much she wants. The table shows what
Kate wants to buy and how much it will cost:

Cost of Nuts

Nut Amount Price
Almonds 10 oz $3.00

Cashews 6 oz $3.00

Filberts 12 oz $3.25

Peanuts 16 oz $2.00

a. On one coordinate grid, make a graph for each type of nut giving
the relationship between the amount and the price. You might
want to create ratio tables to help you. You will have four graphs
when you’re done.

b. Kate paid the same for the almonds as the cashews, but bought
different amounts of each. Without calculating, how can you
decide which nut gave her more for her money? Which nut is
that?

c. Find the price per ounce of each type of nut. Explain how these
prices are shown in your graph.
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31. Jack is in the grocery store comparing two sizes of his favorite
toothpaste. He can buy 3 oz for $1.49 or 4 oz for $1.97. Without
calculating unit prices, how can Jack decide whether one size is
a better buy than the other?

Evaluate.

32. �
3
4

� � �
6
7

� 33. �
1
9
1
� � �

2
5

� 34. �
1
6
1
� � �

3
4

�

35. �
2
3

� � �
2
9
0
� 36. �

1
1
2
3
4

� � �
2
3
6
� 37. �

1
1

2
7
� � �

3
6
4
�

Rewrite each expression as a single base raised to a single exponent.

38. 62 � 62 39. n2 � n
�4 40. 23 � 27 � 22

Rewrite each expression without using parentheses.

41. (62)3 42. (3n)4 43. (�2t)3

Evaluate each expression for a � 1, b � 2, and c � 3.

44. ac � bc 45. c0 � (b � cb)
�a 46. �ac � b

�c

47. Consider this pattern of squares.

a. For the stages shown, how many squares are added to go from
each stage to the next?

b. How many squares are added to go from Stage s to Stage s � 1?

c. What is the total number of squares at each stage shown?

d. How many squares will be needed for Stage 5? For Stage 7?

e. Will any stage in this pattern have 100 squares? Explain.

Stage 4Stage 3Stage 2Stage 1

Review
Mixed
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48. Measurement Use the equivalents for various length measure-
ments listed below to answer the following questions.

1 angstrom � 10
�10 meter

1 meter � 3.28084 feet
1 kilometer � 0.62137 mile
1 furlong � 201.168 meters
1 light-year � 5,880,000,000,000 miles

a. An angstrom is a unit used to record the sizes of atoms and other
very small things. How many angstroms are in 1 meter?

b. The furlong was originally a measure of the length of a furrow in
a field in medieval England. How many feet are in 1 furlong?

c. A light-year is the distance light travels in 1 year. How many kilo-
meters are in 1 light-year?

d. A light-minute is the distance light travels in 1 minute. The sun is
8.3 light-minutes from Earth. About how many miles is the sun
from Earth?

e. A light-second is the distance light travels in 1 second. The moon
is 1.3 light-seconds from Earth. About how many miles is the
moon from Earth?

49. The maximum speeds of
several animals are listed
in the chart.

a. How many times faster
than a chicken is a
coyote?

b. How many times faster
than an elephant is a
cheetah?

c. How many times faster
than a garden snail is a
giant tortoise?

d. What is the median
speed of those listed?

e. What is the mean speed
of those listed?

When you look at a
star that is 7 light-
years from Earth, you
are seeing the star as
it was 7 years ago
because that’s how
long it took its light
to reach our planet!

facts
Just

t h e

Speed
Animal (kph)
Cheetah 103

Lion 81

Quarterhorse 76

Elk 72

Coyote 69

Zebra 64

Jackal 56

Giraffe 51

Wart hog 48

Human being 45

Elephant 40

Black mamba snake 32

Squirrel 19

Chicken 14

Giant tortoise 0.27

Three-toed sloth 0.24

Garden snail 0.05
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The seventh graders at Summerville Middle School are selling calendars
to raise money for a class trip. The amount of money they raise is propor-
tional to the number of calendars they sell. As with any proportional rela-
tionship, the graph of the relationship between calendars sold and dollars
raised is a line through the origin.

Think  Discuss
The point (6, 15) is on the graph. What does this tell you about the
calendar sale?

Identify two more points on the graph. Find the ratio of dollars raised
to calendars sold for all three points. How do the ratios compare?

You know that the slope of a line is rise divided by run, or this ratio:

�
r

r

i

u

s

n

e
�

Slopes are often written as decimals. Decimals are one more way to
write ratios.

Find the slope of the line. What does it tell you about the calendar
sale? How does it relate to the ratios you found?

Give the coordinates of two other points that are on the line, but
that are beyond the boundaries of the graph. Explain how you found
the points.

60
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 30
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200 10 30

D
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rs
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d

Calendars Sold

Calendar Sale

Using Proportions

Remember
Proportional means
that as one variable
doubles the other dou-
bles, as one variable
triples the other
triples, and so on.
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11 Reasoning about
Proportional Relationships

In the Think & Discuss, you found that the ratio of dollars raised to calen-
dars sold is the same for any point on the graph. For example, (6, 15) and
(10, 25) are both on the graph, and 

�
1
6
5
� � �

2
1
5
0�

This gives you another way to think about proportional relationships:
A proportional relationship is a relationship in which all pairs of corre-
sponding values have the same ratio.

Problem Set A

1. Consider these triangles.

a. Are the side lengths of Triangle ABC proportional to those of
Triangle XYZ? Explain how you know.

b. Are the triangles similar? Explain.

2. For each rectangle, find the ratio of the length to the width. Is the
relationship between the lengths and widths of these rectangles
proportional? Explain.

3. On the cards below, the top numbers are proportional to the bottom
numbers. Find another card that belongs in this set. Explain how you
know your card belongs.

1

2

1.5

3

2

4 5

2.5

2.5 ft2 ft
1 ft

A
B C

3.5 ft
4.5 ft 5 ft

1.5 cm
4.4 cm

2.2 cm

3 cm

2.3 cm

4.6 cmZ

B

CA Y

X
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4. Jeff says, “I started with Mixture A. I created Mixture B by adding
1 blue container and 1 clear container to Mixture A. Then I made
Mixture C by adding 1 blue container and 1 clear container to Mix-
ture B. Since I added the same amount of blue and the same amount
of water each time, the number of blue containers is proportional to
the number of clear containers.”

Is Jeff correct? Explain.

5. Chris created this tile pattern.

a. Describe how the pattern of white and purple tiles changes from
one stage to the next.

b. For the stages shown, is the number of white tiles proportional to
the number of purple tiles? Explain.

c. Starting with Stage 1 above, draw the next two stages for a tile
pattern in which the number of white tiles is proportional to the
number of purple tiles.

Share
Summarize

1. Describe at least two ways to determine whether a relationship
is proportional.

2. Describe two quantities in your daily life that are proportional
to each other.

3. Describe two quantities in your daily life that are not proportional
to each other.

4. Use the word proportional to explain how you can tell whether
two triangles are similar.

Stage 1 Stage 2 Stage 3 Stage 4

Remember
To be a pattern, the
arrangement of tiles
must change in a
predictable way from
stage to stage.

Mixture A Mixture B Mixture C
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22 Solving Problems
Involving Equal Ratios

You know that in a proportional relationship, all pairs of corresponding
values are in the same ratio. You may find it helpful to think about this
idea as you solve the next set of problems.

Problem Set B

1. When the seventh grade calendar sale began, Mr. Diaz, a math
teacher at Summerville, bought the first 6 calendars. From his pur-
chase alone, the class raised $15.00. By the end of the first day of
the sale, they had raised $67.50. How many calendars had been sold
by the end of the first day?

2. The rectangles below are similar. Find the value of x.

3. Ms. Rosen manages a vegetable market. She uses this graph to find
the cost of different amounts of potatoes quickly.

A customer wants to buy 15 lb of potatoes, but the graph doesn’t
extend that far. How much will the potatoes cost?

 4

2

40 2 6
Potatoes (pounds)

C
os

t 
($

)

Cost of Potatoes

x

13.2 cm

A B18 cm
10.8 cm
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There are many ways to solve the problems in Problem Set B.

Luis, Kate, and Darnell each thought about Problem 1 in a different
way, but all three found the same answer.

Darnell wrote and solved an equation.

15

6

I found out how 
much they would 
raise if they sold 
1 calendar. 
I divided $67.50 
by that amount.

They raised $15 for 
6 calendars, so I wrote 
the ratio    . I multiplied 
both parts of it by the 
same number to get an 
equal ratio in the form of
"67.50 to something."

I let n be how many calendars they must 
sell to raise $67.50. I know
                      ,
and I solved this equation to find the 
answer.

Luis used unit rates.

Kate wrote and 
scaled a ratio.

E X A M P L EE X A M P L E

Problem Set C

1. Complete each student’s method and find the number of calendars
sold the first day. You should find the same answer with each
method.

2. The last time Jack rented skis at Budget Mountain, he paid $19.95
for 3 hours. Today he used the skis for 4 hours 45 minutes. If the
rental cost is proportional to time, what will his rental charge be?
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3. First-Rate Rags wants to make a large batch of the shade of dye
below. The final batch must have 136 containers in all (dye and
water). How many containers of blue dye will they need?

4. Eric and his parents went to
Switzerland during his summer
break. Before they left, Eric
exchanged some money for Swiss
francs. In exchange for $50 U.S.,
he received 64 Swiss francs. He
returned with 10 Swiss francs. If the
exchange rate is still the same, how
many dollars will he receive for his
francs?

Share
Summarize

Choose one of the problems in Problem Set C, and solve it using a
different method from the method you used before. Explain each step
clearly enough that someone from another class could understand what
you did.

33 Solving Proportions

You have solved many problems involving equal ratios. An equation that
states that two ratios are equal, such as

2:3 � 10:15 or �2
n
5� � �1

3
5�

is called a proportion. One of the solution methods you used in Problem
Set C involved writing and solving a proportion. This method is useful for
solving lots of different problems.

V O C A B U L A R Y
proportion
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The Dutch artist
Vincent van Gogh,
who lived from 1853
to 1890, was a painter
for only the last 10
years of his life. Many
of his famous works
show motion through
the use of swirling pat-
terns of color.

facts
Just

t h e

Malik saw a photograph of Vincent van Gogh’s famous painting
Starry Night in a book about art history. The book mentioned that the
actual painting is 73.7 cm high, but it didn’t give the width.

Malik decided to measure the photograph and calculate the painting’s
length. The photograph measured 6.9 cm high and 8.6 cm wide.

Since the photograph is a scaled version of the painting, the dimen-
sions of the painting are multiplied by the same number to get the
dimensions of the photograph.

That means that the photograph’s �hle
e
n
ig
g

h
th
t

� ratio is a scaled height-to-
length ratio for the painting. Since the two ratios are equivalent,
Malik set up this proportion:

�
73

x
.7
� � �

6
8
.
.
9
6�

To find x, he solved his equation.

�
73

x
.7
� � �

6
8

.

.
9
6
�

�
73

x
.7
� � 0.8 Simplify.

73.7 � 0.8x Multiply both sides by x.

92.1 � x Divide both sides by 0.8.

Malik concluded that the real painting’s length must be about 92.1 cm.

E X A M P L EE X A M P L E
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Problem Set D

1. Maya suggested to Malik that he could have used a different
proportion. She wrote

�73
x
.7� � �

8
6
.
.
6
9�

a. Explain why Maya’s proportion is also correct.

b. Solve Maya’s proportion. Do you think it is easier or more
difficult to solve than Neeraj’s proportion?

2. Consider this problem:

Áaron went to the bank and exchanged 50 Canadian dollars for
32.28 U.S. dollars. Later that day, Nailah went to the same bank
to exchange 72 Canadian dollars for U.S. dollars. How many U.S.
dollars did she receive?

a. Set up two proportions you could use to solve this problem.

b. Solve one of your proportions. How much money in U.S. dollars
did Nailah receive?

3. Augustin earns $5 per hour mowing lawns. He wants to buy two
CDs that cost a total of $32.50. Set up and solve a proportion to
determine how many hours he needs to work to earn enough money.

By now you probably have several strategies for solving problems involv-
ing proportional relationships and equal ratios. Now you will have a
chance to practice these strategies.

Problem Set E

Solve these problems using any method you like.

1. This ratio table shows the number of cans of paint needed to cover
various lengths of fence.

Cans of Paint 2 4 6 8 10 12

Feet of Fence 30 60 90 120 150 180

a. Find the number of cans needed to paint 75 ft of fence.

b. Find the number of cans needed to paint 140 ft of fence.

2. The Holmes family has two adults and three children. The family
uses an average of 1,400 gallons of water per week. Last month they
had two houseguests who stayed for a week. Assuming that the water
usage is proportional to the number of people in the house, about
how much water did the household use during the guests’ visit?
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3. The week before Thanksgiving, turkeys go on sale for $1.29 per
pound at the EatMore grocery store. How much will a 14-lb turkey
cost?

4. Alvin is using a trail map to plan a hiking trip. The scale indicates
that �

1
2

� inch on the map represents 1�
1
2

� miles. Alvin chooses a trail that
is about 5�

1
2

� inches long on the map. How long is the actual trail?

5. Viviana loves mixed nuts. The local farmer’s market sells a mix for
$2.79 per pound. How many pounds can she buy for $10.85?

6. Jack is making his famous waffles for Sunday brunch. He knows
that 5 waffles usually feed 2 people. If he wants to serve 11 people,
how many waffles should he make?

7. At Camp Poison Oak, there are 2 counselors for every 15 campers.
The camp directors expect 75 campers next summer. How many
counselors will they need?

Share
Summarize

Did you use the same strategy for solving all the problems in this inves-
tigation? If so, explain it. If not, choose one of the strategies you used
and explain it.

44 Applications 
Involving Similarity

Did you ever wonder how people measure the width of the Grand Canyon
or the height of a giant Sequoia tree? Clearly, measurements like these can-
not be made with a ruler or yardstick. Measurements of very large or very
small objects or distances are often made indirectly, by using proportions.
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Explore
Zach and Jin Lee are on the decorating committee for their town’s
holiday parade. They plan to hang balloons on the streetlights along
the parade route. First they want to determine how tall the street-
lights are so they can find ladders of the right size.

It is late afternoon, and Zach notices that everything is casting long
shadows. This gives him an idea.

Zach asks Jin Lee to measure his shadow, and she finds that it’s
about 9 ft long. Using a tape measure, Zach finds that the street-
light’s shadow is about 63 ft long.

Zach says, “I know that my height is 5 ft 6 in. Since the sunlight is
coming at me and the pole from the same angle, I have two similar
triangles. I can figure out how tall the streetlight is!”

• What are Zach’s similar triangles? Make a sketch if it helps you
think about this.

• How do you know Zach’s triangles are similar?

• How can you use the triangles to find the height of the streetlight?

• How tall is the streetlight?

x ft

63 ft 9 ft

5.5 ft
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Problem Set F

Jin Lee likes Zach’s idea of using shadows to find heights. She decides to
show her grandfather how to use the method to find the height of the red-
wood tree in his backyard.

She measures the length of the tree’s shadow and finds it is 24.5 feet long.
Then she holds a 12-inch ruler perpendicular to the ground and finds that
it casts a 4.75-inch shadow.

1. Draw and label a simple sketch of the situation.

2. Describe two similar triangles Jin Lee can use to find the tree’s height.

3. Set up a proportion Jin Lee could solve to find the tree’s height.

4. How tall is the tree?

5. When Jin Lee found the tree’s height, she thought all the measure-
ments should be in the same unit, so she converted everything to
inches. Her grandfather later asked her, “Could you have left inches
as inches and feet as feet, and still found the correct answer?”
Explain why the answer to his question is yes.

6. When Jin Lee showed the problem to Zach, he set up this
proportion—

�
1
n

f
f
t
t� � �

4
2
.
4
7
.
5
5

i
f
n
t
.

�

—and found that the tree was only about 5 ft tall! What did he
do wrong?
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&Share
Summarize

1. When setting up a proportion involving two triangles, why is it
important for the triangles to be similar?

2. The rope on the flagpole at school has frayed and snapped, and a
dog ran off with part of it. The principal wants to buy a new rope,
but she doesn’t know how tall the pole is. 

Write a paragraph explaining to the principal the method of indi-
rect measurement used in this investigation as completely as you
can, so she could use it to find the height of the pole.

Estimating Heights
of Tall Objects

In this investigation you will estimate the height of a tall object without
actually measuring it. First, you will need to measure the angle of
elevation. 

The angle of elevation is the angle made by the imaginary horizontal seg-
ment extending from your eye to an object and the imaginary segment
from your eye to the top of the object.

Angle of elevation

M A T E R I A L S
• protractor
• string or thread
• weight (paper clip

or cube)
• tape (optional)
• tape measure,

yardstick, or
meterstick

L E S S O N  8 . 2 Using Proportions 551

520-599_08elMSMgr7  1/11/04  11:25 AM  Page 551



552 C H A P T E R  8 Ratio and Proportion

First assemble your measurement instrument. Tie a piece of string to a
protractor at the middle of the straight side. Attach a weight to the string.
Now you are ready to measure the angle of elevation.

Select a position at some distance from the object your class will be mea-
suring. Line up the straight side of your protractor with an imaginary line
from your eye to the top of the object. On the drawing below, the top of
the object (from the person’s point of view) is labeled Point E. Hold the
protractor close to your eye.

E

D

B

A
C
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Collect Your Data
1. Look at Angle ABC in the drawing. It is formed by the imaginary

line through the top of the object and your eye, and by the string.
Read the measure of this angle from your protractor, and record it.

2. Now measure the distance from the object to your position. You
might need to mark where you’re standing, or have a partner mea-
sure the distance while you remain standing where you are.

Sketch the Situation
3. Make a sketch similar to the one on the opposite page that represents

your situation. Include the same labels for the important points, and
label any lengths or angle measures you know.

4. You measured Angle ABC with your device. Use that measurement
to calculate the measure of Angle DBE, which is the angle of
elevation.

5. Use your protractor to draw a triangle similar to Triangle BDE.
Measure the sides of your triangle, and label your drawing with the
side lengths.

Calculate the Height
You can use the triangle you drew for Question 5 to find the object’s
height.

6. Set up and solve a proportion to calculate the length of Side DE.

7. Notice in your diagram that the length of Side DE is not the height
of the object. What is the last thing you need to do to find the height
of the object? What is the object’s height?

8. Compare the height you found with the heights your classmates
determined. How close are they? What might account for any
differences?

What Did You Learn?
9. Describe in your own words how you can use the angle of elevation

to find the height of a tall object. Be sure to explain how similar
triangles help.

Remember
In similar triangles,
corresponding angles
have the same
measures.
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1. Ecology One of the new energy-efficient cars will travel many
miles on a gallon of gas by using a combination of electricity and
gasoline for fuel. The table shows estimates of how far the car will
travel on various amounts of gas.

Gallons of Gas 0.5 1 1.5 2 2.5 3

Miles 30 60 90 120 150 180

Are the miles traveled proportional to the gallons of gas? How do
you know? If so, describe how they are related and write the ratio.

2. Is the number of blue dye containers in these two mixtures propor-
tional to the total number of containers? Explain how you know.

3. The Summerville Co-op sells two types of trail mix. Here are the
ingredients.

Mountain Trail Mix Hiker’s Trail Mix
8 oz toasted oats 6 oz toasted oats

7 oz nuts 5 oz nuts

5 oz raisins 4 oz raisins

a. Is the amount of nuts in each mix proportional to the total ounces
of mix? Why or why not?

b. Is the amount of toasted oats in each mix proportional to the total
ounces of mix? Why or why not?

4. Set up a proportion for the following situation, and solve it using
any method you choose:

Carla’s grandmother wants to sell a gold ring she no longer wears.
The jeweler offered her $390 per ounce for her gold, which came to
$97.50 for the ring. How much does the ring weigh?

Mixture A Mixture B

&Practice
Apply

554 C H A P T E R  8 Ratio and Proportion impactmath.com/self_check_quiz
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5. Marta is following this recipe 
for maple oatmeal bread.

Just as she’s preparing to mix 
the ingredients, she realizes 
her brother used most of the 
maple syrup for his breakfast. 
Marta has only �

1
4

� cup of 
syrup, so she decides to make 
a smaller batch of bread. How 
much of each ingredient should 
she use?

6. Many schools have a recommended student:teacher ratio. At South
High, the ratio is 17:1. Next year, South High expects enrollment to
increase by 136 students. How many new teachers will they have to
hire to maintain their student:teacher ratio?

7. One seventh grade homeroom class has 20 students, 12 of whom are
girls. Another homeroom has 25 students, 14 of whom are girls.

a. Do these two classes have the same proportion of girls? Explain
how you know.

b. How many girls would have to be in a class of 25 students for it
to have the same ratio of girls to students as the smaller class?

8. A farmer wants to cut down three pine trees to use for a fence he
is building. To decide which trees to cut, he wants to estimate their
heights. He holds a 9-inch stick perpendicular to and touching the
ground, and measures its shadow to be about 6 inches. If he wants to
cut down trees that are about 40 feet tall, how long are the tree shad-
ows he should look for?

9. A surveyor needs to find the distance
across a lake, so she makes several
measurements and prepares this
drawing. The two triangles are
similar. What is the
distance across the lake?

35 ft

117 ft

? ft

50 ft

Maple Oatmeal Bread
1 cup quick-cooking oats3 cups bread flour
   cup maple syrup
1 tablespoon cooking oil1    cups water
3 tablespoons yeast
1 teaspoon salt 

1
3

1
4

520-599_08elMSMgr7  1/10/04  10:10 AM  Page 555



556 C H A P T E R  8 Ratio and Proportion

10. Captain Hornblower is out at sea and spots a lighthouse in the dis-
tance. He wants to know how far he is from the lighthouse.

He holds up his thumb at arm’s length. Then he brings his hand
closer to his eye, until his thumb just covers the image of the light-
house. His thumb is about 2.5 inches long. He measures the distance
from his eye to the base of his thumb and finds that it’s about 19
inches. His charts indicate that the lighthouse is Otter Point Light-
house, which is 70 feet tall.

a. Make a sketch of this situation. Describe the two similar triangles
that can be used to find the distance to the lighthouse.

b. Set up a proportion you could solve to find the approximate
distance to the lighthouse.

c. Approximately how far is the boat from the lighthouse?

11. Christine was born on her father’s 25th birthday. On the day Chris-
tine turned 25, her father turned 50, and they threw a big party. Then
Christine wondered, “Dad’s twice as old as I am. Does that mean
our ages are proportional?” Answer Christine’s question.

12. This recipe makes one and 
a half dozen peanut butter
cookies. Write a new recipe
that will make more cookies
and has ingredients in the
proper proportions.

Peanut Butter Cookies
    cup peanut butter
1 cup flour
    cup butter
    cup brown sugar
    cup white sugar
2 egg whites
    tsp baking soda
    tsp salt

1
2

1
2
3
4
1
4

1
2
1
3

&Connect
Extend
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For each tile pattern, decide whether the numbers of tiles of any two
colors are proportional to each other. That is, consider three ratios—
blue:purple, purple:white, and blue:white—for each stage of the tile
patterns. Explain your answers.

13.

14.

15.

16.

17. Renee is trying to set up a proportion to determine how much gas
she will need for a 1,000-mile car trip. She averages 30 miles per
gallon of gas. Here is what she wrote:

�
1

G

,00

g

0

al

m

lo

i

n

le

s

s
� � �

3

1

0

g

m

al

i

l

l

o

e

n

s
�

a. Explain what is wrong with Renee’s “proportion.”

b. Set up a correct proportion, and solve it using any method you
choose.

c. Find another proportion that Renee could use to solve this prob-
lem. Solve your proportion to check your answer to Part b.

18. Casey found a photograph of himself that was taken when he was
three years old. In the photo, he is standing next to a bookcase that
his parents still have. Explain how he could figure out how tall he
was when the photo was taken.
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19. Economics When you travel to another country, you often have
to exchange U.S. dollars for whatever currency that country uses.
Exchange rates vary frequently, but for this problem, use these
exchange rates:

1 U.S. dollar ($) equals

• 0.6 English pound (£)

• 1.55 Canadian dollars ($)

• 5.6 French francs (ff)

• 119.7 Japanese yen (¥)

a. How many Canadian dollars would you receive for $250 U.S.?

b. How many U.S. dollars would you receive for 375 yen?

c. Suppose you are returning to the United States from a trip to
England and you have £200 left. How many U.S. dollars will
you receive for your pounds?

d. Suppose you are traveling from France to England and have 1,523
francs left. How many pounds will you receive for your francs?

20. Challenge Exchange rates for currency fluctuate every day,
depending on world economies. Shenequa’s family took a trip to
England one summer. The exchange rates at the start and the end
of their trip are shown below.

Start of trip: 1 U.S. dollar equals 0.6 English pound
End of trip: 1 U.S. dollar equals 0.65 English pound

Shenequa’s mother converted $1,200 into pounds for the trip. They
spent £600 in England. At the end of the trip, she converted the
remaining pounds back into U.S. dollars.

Suppose Shenequa’s mother had converted only $1,000 before the
trip and took the remaining $200 U.S. with them. Assume they still
spent £600 in England and converted the rest back to U.S. dollars
when they returned. Would they have ended up with more money
than they did when she had converted the full $1,200? Explain.

The dollar, equal to
100 cents, is part of
a decimal currency
system used in several
countries—including
Australia, New Zealand,
Liberia, and the
Bahamas.

facts
Just

t h e
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21. Prove It! One way to check whether rectangles are similar is to
place them so that one of the corners overlaps, as shown below.
Then look at the diagonals of each rectangle.

If the diagonals all align, as in the diagram on the left, the rectangles
similar. Prove that this is true. (Hint: Consider the triangles that are
formed by the diagonals.)

22. Challenge These two right triangles are similar.

Find the lengths of the legs of both triangles. Show your work.

Evaluate without using a calculator.

23. 0.012 � 1.3 24. 5.62 � 5.743

25. 0.09 � 1.1 26. 102.4 � 2

27. 0.42 � 21 28. 0.33 � 11

Simplify.

29. k2 � 2k2 30. 3t(t2 � 0.1t)

31. 3(x � 1) � 5 32. �
1
5

�(2r � �
5
3

�p)

33. �
10y

y
� y2

� 34. �
3(w3

w
� tw)
�

n

n

n

3
2

A

B 4 cm

Similar Not similar

An architect has
agreed to visit a
seventh grade
class to talk about
how architects
use scale drawings
in their work. She’s
not sure all the
students will know
what it means
when she talks
about shapes
being “in propor-
tion.” Write some
advice telling her
how to explain
what this means.

own
In y o u r

words

Review
Mixed
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Solve each equation.

35. 6.4t � 0.8 � 3.1t � 4.1

36. 2(1.1 � m) � (2.2 � m) � 10

37. �
2
3

�� � k � �

38. �
7x

1
�
7

2
� � �

5x
6
�
5

12
�

Geometry Tell whether the triangles in each pair are congruent, similar,
or neither.

39.

40.

41.

42.

4

8
8.1

9.4

7 5

8.1

3 5

5
533

9
7

4

4.8

10.8

8.4

5

5

8 8 8

8
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43. Earth Science The table lists the world’s 10 largest deserts.

Largest Deserts in the World

Desert Area (km2)
Sahara (Africa) 8,800,000

Gobi Desert (Asia) 1,300,000

Australian Desert (Australia) 1,250,000

Arabian Desert (Asia) 850,000

Kalahari Desert (Africa) 580,000

Chihuahuan Desert (North America) 370,000

Takla Makan Desert (Asia) 320,000

Kara Kum (Asia) 310,000

Namib Desert (Africa) 310,000

Thar Desert (Asia) 260,000

Source: Ultimate Visual Dictionary of Science. London: Dorling Kindersley Limited

a. What are the mean, median, and mode of the areas listed?

b. How many times the size of the Thar Desert is the Sahara?

c. What percentage of the deserts listed are in Asia?

d. What percentage of the total area of the deserts listed is in Asia?
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Meredith Middle School is putting on a production of The Music Man.
The eighth grade had 300 tickets to sell, and the seventh grade had 250
tickets to sell. One hour before the show, the eighth grade had sold 225
tickets and the seventh grade had sold 200 tickets.

Think  Discuss
Which grade was closer to the goal of selling all its tickets? Explain
your answer.

To figure out which grade was closer to its goal, you may have tried to
compare the ratios 225:300 and 200:250. One way to compare ratios
easily is to change them to percentages.

11 Percent as a Common Scale

This diagram, called a percent diagram, represents the seventh and eighth
grade ticket sales. The heights of the left and right bars represent the goal
for each grade. The bar in the middle, called the percent scale, is a com-
mon scale for the two different ratios.

Notice that the three bars are the same height even though they represent
different numbers. On the percent scale, the height always represents 100%.

250300

00 0%

25%

50%

75%

100%

Eighth Grade Seventh Grade

Percentages and
Proportions
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Percents make it possible to represent both grades’ ticket sales as some
number out of 100. For the eighth grade, 100% represents 300 tickets. For
the seventh grade, 100% represents 250 tickets.

Think  Discuss
The eighth grade sold 225 tickets, and the seventh grade sold 200.
Why is the bar for the seventh grade taller, when they sold fewer
tickets?

Problem Set A

Jefferson Middle School has 600 students, and Memorial Middle School
has 450 students. For each of these problems, use this percent diagram to
estimate an answer.

1. A survey of the two schools finds that 300 Jefferson students watch
more than 1 hour of television every night, while 270 Memorial stu-
dents watch more than 1 hour per night.

a. What percentage of Jefferson students watch more than 1 hour of
TV each night?

b. What percentage of Memorial students watch more than 1 hour of
TV each night?

c. Comparing percentages, do more Jefferson students or more
Memorial students watch more than 1 hour of TV each night?

2. Jefferson has 275 girls and Memorial has 250 girls. Which school
has a greater percentage of girls? Explain.

3. At each school, 75% of the students play a musical instrument.

a. About how many students at Jefferson play an instrument?

b. About how many students at Memorial play an instrument?

450

300

150

0

600

400

200

0
0%

25%

50%

75%

100%

Jefferson Memorial
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4. The math teachers at each school selected 50 students to represent
the school at a math competition.

a. About what percentage of Jefferson students attended the math
competition?

b. About what percentage of Memorial students attended the math
competition?

5. Suppose you looked for P% of 450 and P% of 600 on a percent dia-
gram. Which would be the greater number? Explain your answer in
terms of the diagram.

6. Which represents a greater percentage: t out of 450, or t out of 600?
Explain your answer.

Problem Set B

Look again at the ticket sales by the seventh and eighth grades at Mered-
ith Middle School. The eighth grade had 300 tickets to sell, and the sev-
enth grade had 250 tickets to sell.

1. At the end of the first week, each grade had sold 40% of their goal.

a. Draw a percent diagram to represent this situation.

b. Explain how you can use your diagram to estimate the number
of tickets the seventh grade sold, and give your estimate.

c. Use your diagram to estimate the number of tickets the eighth
grade sold.

2. One hour before the show started, the seventh grade had sold
200 tickets and the eighth grade had sold 225. Malik used his
calculator to express the ratios of sold tickets to sales goal for both
grades as percentages. How could you use your calculator to find
�2
3
2
0
5
0

� as a percentage?

M A T E R I A L S
graph paper
(optional)
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3. Suppose each grade was only 25 tickets short of meeting its goal.

a. How many tickets would the eighth grade have sold?

b. How many tickets would the seventh grade have sold?

c. Calculate the percentages sold for each grade. Comparing
percentages, which grade came closer to its goal?

4. By the time the play began, each grade had sold exactly 270 tickets.

a. What percentage of its goal did the eighth grade sell?

b. What percentage of its goal did the seventh grade sell?

c. Draw a percent diagram to represent this situation. Since the
seventh grade sold more than its goal, you will need to extend
the bar for the seventh grade.

5. Determine which ratio in each pair is greater by finding the percent-
age each represents.

a. �
5
6

6
9
� or �

7
8

6
9
�

b. �
1
2

0
1

6
0

� or �
2
3
0
1

6
0

�

c. �
5
4

0
5
� or �

2
2

1
0
0
5

�

6. Find four ratios equivalent to 75%.

7. Find four ratios equivalent to 115%.

Share
Summarize

Here are two statements about Jefferson and Memorial middle schools.

a. Jefferson has 275 girls and Memorial has 250 girls, so there are
more girls at Jefferson.

b. Jefferson is almost 46% girls and Memorial is almost 56%
girls, so there are more girls at Memorial.

1. Which statement uses a common scale to make a comparison?

2. Which statement do you think is a better answer to the question,
“Which school has more girls?” Explain your thinking.
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22 Proportions Using Percentages

In Lesson 8.2, you used ratios to write proportions and solve problems. In
the last investigation, you saw that you can use percentages as a common
scale to compare ratios. Percentages can also be used to solve problems.

Problem Set C

Work with your group to solve these problems. Be ready to explain your
reasoning.

1. Two department stores, Gracie’s and Thimbles, are having holiday
sales. The stores sell the same brand of men’s slacks. Gracie’s usual-
ly sells them for $50, but has marked them down to 30% of that
price for the sale. At Thimbles, the slacks are marked down to 40%
of the usual price of $30. Which store has the better sale price?
Explain.

2. Steve and Anna went shopping during a sale at the KC Nickels
department store. Anna looked at her receipt and saw that the total
before the discount was $72, but she paid only $40. Steve’s total
before the discount was $38, but he paid only $18. Who saved a
greater percentage off the original price? Explain.

3. You are making punch for the class party. The punch will contain
juice and soda, with at least 70% juice. You have 4 gallons of juice.
What is the greatest amount of punch you could make?

One way to solve a percent problem is to set up and solve a proportion. In
most percent problems, you have values for two things and you want to
know the value of the third, so your proportion might look like this:

�
b

a
� � �

1

n

00
�

For example, in Problem 3 above, you knew the percentage of juice
the punch should contain, 70%, and how much juice you actually
had, 4 gallons. You 
could have set up
this proportion:

�
4
a

� � �
1

7

0

0

0
�
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&Think  Discuss
This type of percent diagram is used to
help compare two numbers. State in
words the problem represented by this
percent diagram.

Write a proportion that is illustrated
by the diagram and solve it. How did
you think about setting up the
proportion?

Problem Set D

1. Consider this question: What percent of 150 is 6?

a. Draw a percent diagram to represent the question.

b. Express the question as a proportion and solve it.

2. Now consider this question: What is 185% of 20?

a. Draw a percent diagram to represent the question.

b. Express the question as a proportion and solve it.

3. A gardener planted 13% of his tulip bulbs in the border of his gar-
den and the rest in the garden bed. In spring, every one of the bulbs
grew into a tulip. He counted 45 tulips in the border. How many
bulbs had he planted altogether? Show how you found your answer.

4. Of 75 flights leaving from Hartsfield Airport in Atlanta, 33 went to
the West Coast. What percentage of the 75 flights went to the West
Coast? Show how you find your answer.

5. The largest land animal, the African bush elephant, may weigh as
much as 8 tons. However, that is only about 3.9% of the weight of
the largest animal of all, the blue whale. How heavy can a blue
whale be? Show how you found your answer.

6. In 2001 Americans spent about $594 billion on recreation, including
books, toys, videos, sports, and amusement parks. They spent 171%
of that amount on housing. How much money did Americans spend
on housing in 2001?

L E S S O N  8 . 3 Percentages and Proportions 567

M A T E R I A L S
graph paper
(optional)

The enormous blue
whale’s primary source
of food is plankton—
tiny animals and plants
that float near the
surface of the water.

facts
Just

t h e

200

0 0%

80 n%

100%
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7. In 1950 the estimated world population was 2.6 billion. In 2003 it
was 6.3 billion.

a. What percentage of the 2003 population is the 1950 population?

b. What percentage of the 1950 population is the 2003 population?

c. In 2003 about 292 million people lived in the United States.
What percentage of the world’s population lived in the United
States in 2003?

Share
Summarize

1. Write a proportion that expresses this statement: 32% of 25 is b.
Solve your proportion for b.

2. Write a proportion that expresses this statement: n% of a is b.
Explain why your proportion is useful for solving percent problems.

33 Percent Increase and Decrease

You have used percent diagrams to help you compare two ratios and to
calculate percentages. You can use similar diagrams to show how a quan-
tity changes in relation to its original size. These diagrams don’t have a
percent scale, because one of the two bars represents 100%.

For example, the number of births in
Colorado increased from 62,167 in
1999 to 65,438 in 2000. In the diagram,
the percent increase from 1999 to 2000
is represented by the portion of the
“Births 2000” bar above the 100% line.

We can make a visual estimate by
comparing the height of the “percent
increase” portion of the bar with the
portion representing 100%. In this
example, the height of the “percent
increase” portion is about 5% of the
height of the 100% portion.

62,167

0%

100% percent
increase

Births
1999

Births
2000

65,438

Source: The World Almanac and Book of Facts
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This diagram shows the change in U.S. military personnel on active duty
from 1995 to 2000. The percent decrease is represented by the unshaded
portion of the bar on the right. In this example, the “percent decrease”
portion of the bar looks like about 5% to 10% of the 100% portion.

Problem Set E

1. As people grow older, they often say that time seems to pass more
quickly. Think about whether 2 years seems longer to you now than
it did when you were 6 years old.

a. Make a diagram that shows the percent increase in your age from
when you were 6 years old to when you were 8 years old. Draw
your diagram so that your age at 6 years old represents 100%.
Use your diagram to estimate the percent increase in your age.

b. Now make a diagram that shows the percent increase in your age
from 2 years ago to now. Draw your diagram so that your age
2 years ago represents 100%. Use your diagram to estimate the
percent increase in your age.

c. Does it make sense that time would seem to pass more quickly
as you age? Explain.

2. Estimate the percent change from 
July to August. Specify whether
it is percent increase or decrease.

0%

100%

July August

1,518,224

0%

100% percent decrease

Active Duty
Personnel

1995

Active Duty
Personnel

2000

1,384,338 

M A T E R I A L S
graph paper
(optional)
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In Chapter 5, you measured your pulse, or heart rate, while resting. If you
were to exercise and then measure your heart rate again, it would proba-
bly be quite different from your resting heart rate.

To calculate the change in your heart rate, you first need to measure your
resting heart rate. You will use this rate as a baseline. Then you need to
measure your rate after exercise. A comparison of the two rates can be
written as a percent increase.

Problem Set F

Find your pulse—either in your neck just below your jaw, or in your
wrist.

1. Count the number of pulses in 20 seconds. Use that value to find
your resting heart rate in beats per minute.

2. Following your teacher’s directions, do some physical activity for
1 minute. As soon as you stop, count the pulses in 20 seconds.
Find your heart rate after exercise, in beats per minute.

3. If your resting heart rate in beats per minute is considered 100%,
what percentage represents your heart rate after exercise?

4. How might you describe the change in your heart rate from a resting
to an active state as a percentage?

Think  Discuss
Zoe and Luis both had a resting heart rate of 84 beats per minute. After jumping rope for a short
period, they both had a heart rate of 105 beats per minute. Here’s how they each calculated the
percent increase.

Will these two methods always give you the same answer? Explain how you know.

105 is what percent of 
84? I can solve this 
proportion:

So n is 125.
That means my active 
heart rate is 125% of 
my resting heart rate. 
That's a 25% increase.

105
84

n
100

The difference between 
the two numbers is

 105 - 84 = 21.
This difference is what 
percentage of my 
resting heart rate?

So n is 25. That's 25%, 
and I know it's an 
increase because my 
active heart rate was 
greater.
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Problem Set G

Use either Zoe’s or Luis’s method to solve these problems.

1. In 1985 there were 39,872,520 U.S. households with cable TV. By
2001 the number had increased to 74,148,000 households. What is the
percent increase of households with cable TV from 1985 to 2001?

2. Shoes regularly priced at $55 are on sale for $41.25. What is the
percent decrease from the original price to the sale price?

3. In 1981, the average hourly wage in the United States was $7.25. In
1991, it was $10.32, and in 2001, it was $14.32.

a. What is the percent change of the hourly wage from 1981 to
1991? Tell whether it is a percent increase or decrease.

b. What is the percent increase of hourly wage from 1991 to 2001?

Share
Summarize

The tree grew from 125 cm to 133 cm in one year. What was the percent
increase in the height that year? Explain how you solved the problem.
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We won’t be undersold!
All items are marked with an arrival date.

If it’s been here 1 month, take 10% off!

If it’s been here 2 months, take another 

20% off the already reduced price!

If it’s been here 3 months or longer, take

another 30% off the already reduced price!

S U P E RSAVINGS STORE

STEVE’SBARGAIN BASEMENT SALE

Everything’s a bargain!

All items are marked with an arrival date.

1 month old, 10% off the original price!

2 months old, 20% off the original price!

3 months old, 30% off the original price!

4 months or older, 50% off the original price!

BARRY’S

&
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44 Percentages of Percentages

To figure a tip for a restaurant bill,
some people take a percentage of the
total, after taxes. Since the tax is a per-
centage of the subtotal, these diners are
taking a percentage of a percentage.

There are several other situations in
which this might happen.

Think  Discuss
Increase 100 by 20%. Decrease the result by 20%. Is the result the
original number, 100? Explain.

Problem Set H

Barry’s Bargain Basement and Steve’s Super Savings Store are located in
the Los Angeles garment district.

Food and 
    drinks $20.00

tax   (4%)
0.80

total 20.80
tip   (15%)

3.12

$23.92

520-599_08elMSMgr7  1/11/04  11:27 AM  Page 572



L E S S O N  8 . 3 Percentages and Proportions 573

1. Rashonda went to Barry’s Bargain Basement to buy a pair of jeans. The
jeans had been in the store for 1 month. The original price was $40.

a. What was the sale price?

b. What percentage of the original price was the sale price?

2. Julie was a smart shopper. The pair of shoes she wanted had an orig-
inal price of $50 at both Barry’s and Steve’s. The shoes had been in
both stores 2 months.

a. How much would Julie pay for the shoes at Barry’s? At Steve’s?

b. Explain why these sale prices are different.

3. Hernando, a frequent shopper at Barry’s, has his eye on a hat with
an original price of $20.

a. The hat has been in the store for 1 month. How much will
Hernando save?

b. Hernando is considering waiting another month to get a better
price. How much will he save after 2 months?

c. Is the amount Hernando would save with the 10% discount
double the amount he would save with the 20% discount?

d. How can you easily determine how much Hernando would save
after 3 months?

4. Jasmine found a sweatshirt at Steve’s with an original price of $30.

a. If the sweatshirt has been in the store long enough to earn the
10% discount, how much will Jasmine save?

b. If the sweatshirt has been there long enough to earn the 20%
discount, how much will she save from the original price?

c. Is the dollar amount of the second discount twice the dollar
amount of the first discount? Explain why or why not.

d. Jasmine calculated the final price this way: “First I take 10% off,
and then I take 20% off, so all together I’m taking 30% off. That’s
$9, so the final price is $21.” Is Jasmine correct? Explain.

e. If Jasmine buys the sweatshirt after it’s been in the store 2
months, what is the total percent discount from the original price?
Show how you found your answer.

5. An item originally marked at $100 is in both stores for more than
4 months. Where would you get the better buy? Explain.

6. Is the ad for Steve’s—which claims they won’t be undersold—true
when Steve’s prices are compared with Barry’s prices? Explain.

520-599_08elMSMgr7  1/10/04  10:17 AM  Page 573



&

574 C H A P T E R  8 Ratio and Proportion

Problem Set I

With most photocopy machines, you can reduce or enlarge your original
by entering a percentage for the copy. If you enter 200%, the copy
machine will double the dimensions of your original. 

For example, if you copy a 3-inch-by-5-inch photograph at the 200% set-
ting, the copy of the photograph will measure 6 inches by 10 inches.

1. Lydia wanted to enlarge a 2-cm-by-4-cm drawing. She set a photo-
copy machine for 150% and copied her drawing.

a. What will the dimensions of the copy of the drawing be?

b. The drawing still seemed too small to Lydia. She put her copy in
the machine and enlarged it 150%. What are the new dimensions?

c. Lydia likes this size. She now wants to enlarge another 2-cm-by-
4-cm drawing to this same size. What percent enlargement should
she enter to make the copy in just one stage?

d. Is the percentage you calculated in Part c the sum of the two
150% enlargements? Why or why not?

2. Challenge Suppose you put a print in a copy machine and enlarge
it by selecting 180%. What percent reduction would you have to
take to return the image to its original size?

Share
Summarize

Suppose you reduce an 8-inch-by-10-inch picture by 90% and then
increase the copy by 90%.

1. Will you get the same size picture you started with? Explain.

2. What is the percent change from the original size to the final size?
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On Your Own Exercises

1. Travel surveys show that 68% of people who travel for pleasure
do so by car. Of 338 students from Brown Middle School who
traveled for pleasure last year, 237 did so by car. The same year,
134 students from Mayville Middle School traveled for pleasure,
and 88 did so by car.

a. Draw a percent diagram to illustrate this situation.

b. From which school did a higher percentage of those who traveled
for pleasure do so by car?

c. How do the two schools compare to the survey results?

For each pair of ratios, determine which is greater by finding the percent-
ages they represent.

2. �
1
1

3
2
� or �

6
6

5
0
� 3. �

2
2

3
8
� or �

4
5

4
1
� 4. �

3
4

2
6

8
7

� or �
1
2

6
3
�

5. Find four ratios equivalent to 30%.

6. Find four ratios equivalent to 25%.

In Exercises 7–9, decide which is a greater number.

7. P% of 13 or P% of 23

8. P% of 368 or P% of 712

9. P% of 3 or P% of 4.7

In Exercises 10–12, decide which represents a greater percentage.

10. t out of 100 or t out of 200

11. t out of 89 or t out of 91

12. t out of 0.7 or t out of 0.5

&Practice
Apply
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13. Consider this question: 5% of what number is 15?

a. Draw a percent diagram to represent the question.

b. Express the statement as a proportion and solve it.

14. 98% of what number is 50?

15. 117% of what number is 3.5?

16. 7.5 is what percent of 9?

17. 20 is what percent of 15?

18. Sam works 12 hours a week. He recently received a 5% raise, and
his new weekly pay is $115.92.

a. What was Sam’s weekly pay before the raise?

b. What was his hourly pay before the raise?

c. What is his new hourly rate?

19. Social Studies In 2000 about 20,530,000 children between the
ages of 10 and 14 lived in the United States. That was about 7.3% of
the entire U.S. population. Find the 2000 U.S. population.

In Exercises 20 and 21, estimate the percent change. Be sure to indicate
whether it is an increase or a decrease.

20. the price of lettuce from one week to the next

21. the price of a CD player from one month to the next

0%

100%

Month 1 Month 2

0%

100%

Week 1 Week 2
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22. Social Studies The table lists U.S. crime rates from 1997 to 2000.

Crime in the United States

Year Crimes per 100,000 Inhabitants
1997 4,930.0

1998 4,619.3

1999 4,266.8

2000 4,124.0

a. What is the percent change in the crime rate from 1997 to 1998?
Indicate whether it is a percent increase or decrease.

b. What is the percent change in the crime rate from 1999 to 2000?
Indicate whether it is a percent increase or decrease.

c. What is the percent change in the crime rate from 1997 to 2000?
Indicate whether it is a percent increase or decrease.

23. A used minivan priced at $20,000 went on sale for 5% off.

a. What is the van’s reduced price?

b. A month later the van was discounted 5% off the sale price.
What are the dollar amounts of the first discount and the second
discount?

c. At the end of the year, the van was discounted 5% off the last sale
price. What was the price of the minivan after the third discount?

d. What is the total percent decrease after all three discounts?

24. Carl wanted to enlarge a picture of a tree. On his original, the tree
measured 4 cm high. He wanted the copy to measure 7.5 cm high.

a. First he made a copy 120% the size of the original. What was the
percent increase in the tree’s height?

b. What did the height of the tree become?

c. Carl made a 200% enlargement of his copy. What was the tree’s
height in the new copy?

d. If Carl wanted to enlarge another 4-cm-high picture to the height
you found in Part c, what percentage should he enter into the
machine?

e. Carl selected 70% to reduce the picture from Part c. What was the
percent decrease in the tree’s height?

f. What was the height of the tree in the new copy?

g. What percentage should Carl select to copy the tree in Part f and
produce a tree 7.5 cm high?

Reprinted with permission from
The World Almanac and Book
of Facts 2003.
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25. A toy store sells a certain brand of yo-yo. One year the store sold
200 of the yo-yos every month.

a. The next year, monthly sales of the toy decreased 30%. How
many yo-yos per month were sold the second year?

b. Third-year sales increased 30% per month over the second year’s
monthly sales. How many yo-yos were sold per month in the
third year?

c. What was the total percent change from the first-year monthly
sales to the third-year monthly sales—that is, after the 30%
decrease followed by the 30% increase? Was it a percent increase
or decrease? Explain.

d. How much of a percent change is needed now for sales to return
to 200 per month? Explain.

26. A family bought a house valued at $150,000. An office park was
then constructed next to the house. Five years after the family had
bought the house, its value had dropped 30%.

a. What was the house’s value after 5 years?

b. What percent increase is now needed for the family to be able to
sell the house for what they paid for it? Explain.

27. Social Studies The bar graphs show information about education
levels in the United States in a recent year. The left bar shows the
percentages of unemployed people at each level, and the right bar
shows the percentages for the employed.

Source: U.S. Bureau of the Census. Statistical Abstract of the United States

a. Measure the heights of the bars in centimeters. This height repre-
sents 100% of the people classified in each graph.

b. Now measure the height of the portion for high school graduates
who are employed. Use that height to calculate the approximate
percentage of employed people who only have a high school
diploma.

Advanced degree
Bachelor

,
s degree only

Associate
,
s degree only

Some college but no degree
High school graduate only
Less than high school

Unemployed Employed

Education Levels in the U.S.

&Connect
Extend
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c. Use a similar procedure to calculate the approximate percentage
of unemployed people who stopped their education at high
school.

d. Choose two more education levels, and repeat Parts b and c for
each of them.

28. World Cultures The table shows data about communications in
several countries.

Source: International Telecommunications Union.

a. The entries in the third column are “per 100 people.” Desta said,
“The entry for United States is 63. That means 63% of people had
a telephone line in 2002.” Nicolás convinced her that wasn’t true.
Explain why Nicolás was correct.

b. The entries in the second column are “per 100 people.” The entry
for United States is 49. What would the entry be if the scale were
“per 10 people”?

c. Choose one category, and write a paragraph comparing the given
countries in terms of that category. You might include information
about which country has the highest entry, which has the lowest
entry, which have entries close to each other, and how the United
States compares to the other countries.

d. Choose one country other than the United States and compare its
data to that for the United States.

29. Make up a reasonable word problem that requires finding 65% of 120.
Show how to solve your problem.

Phone Lines Cellular Phone Number of Personal
per 100 People Subscribers per Computers per 

Country (2002) 100 People (2000) 100 People (2002)
Argentina 22 18 8

Australia 54 64 52

Bosnia 12 9 0

China 17 16 2

Iran 20 3 7

Japan 60 62 38

Mexico 15 25 7

South Africa 11 27 7

Sweden 72 89 56

Thailand 10 26 3

United States 66 49 63
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30. The students at Graves Middle School held a fund-raiser to help
purchase new gym equipment. The school newspaper reported that
the eighth grade raised the most, $234, while the sixth and seventh
grades each raised 30% of the total amount collected. However, the
paper didn’t report the total amount raised by the three grades!

Use the information given to find the total amount raised and the
amounts raised by the sixth and seventh grades.

31. Challenge Suppose S � 0 and S � 2T.

a. Which is greater, 80% of T or 40% of S? Explain your answer.

b. Does your answer to Part a hold if S � 0? Explain.

32. Susana typed an English paper on her computer. Using a font size of
12, the first page contained 250 words. When Susana changed the
font size to 10, the first page held 330 words.

a. What is the percent increase in the number of words on the page
from the larger font (size 12) to the smaller font (size 10)?

b. Susana’s paper was long enough to fill several pages. What
percent increase in the number of words on three pages would
you expect when she changes from font size 12 to font size 10?
Explain.

c. When Susana printed her paper using a font size of 12, it was
exactly five pages long. About how many pages would you expect
it to be if she uses a font size of 10?

d. Write a formula for calculating the approximate number of pages
in a font size of 10 if you know the number of pages in a font size
of 12.

33. The table shows the resting and active heart rates of several students.
The active rates were taken just after different types of exercises.

a. Complete the table.

Resting Active Difference Percent 
Name Heart Rate Heart Rate (Active � Resting) Increase
Juanita 91 138

Kris 92 190

Nathan 82 157

Aaliyah 88 176

Nieve 85 131

Garrett 79 147

Ramón 77 119
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b. Which student had the least percent increase? Notice that the stu-
dent with the least percent increase did not have the least differ-
ence in heart rates. Explain why this makes sense.

c. Find the student whose heart rate increased 100%. How does the
difference between this student’s active and resting heart rates
compare with his or her resting heart rate?

d. What is the ratio of Kris’s active rate to his resting rate? How is
this ratio related to the percent increase in his heart rate? (Hint:
Write the ratio as a decimal.)

34. States have different sales taxes. Usually the price of an item is
marked without sales tax, and you pay the tax as a percent of the
price. In 2003 Massachusetts had a 5% state sales tax, Hawaii had a
4% state sales tax, and California had a 6% state sales tax. In each
problem, P is the price without tax, and T is the price with tax.

a. What is the percent increase from P to T in Massachusetts,
Hawaii, and California?

b. What percentage of P is T in each of these three states?

c. For each state write the ratio of T to P as a fraction and as a
decimal.

35. Nutrition Food advertisements often contains claims worded to
give the best impression.

a. Explain why the claim “20% fewer calories” is, by itself, not very
informative.

b. Some reduced-fat milks are labeled “2% milk” or “98% fat free.”
Below are nutrition data for 1 cup of milk from a carton of whole
milk and a carton of 2% milk. How much of a reduction of fat is
“98% fat free”?

Whole Milk 2% Milk
Calories 150 Calories 140

Total Fat 8 g Total Fat 5 g

Total Carbohydrates 13 g Total Carbohydrates 15 g

Protein 8 g Protein 10 g

c. Explain why advertisers might prefer “98% fat free” over, for
example, stating the percent change in the quantity of fat.

Local governments can
add to a state’s sales
tax to raise funds for
public projects. That’s
why the tax rate in one
city might be 7.5%,
while it is only 6.5% in
another city in the
same state.

facts
Just

t h e
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36. Karla’s Discount Madness store truly doesn’t want to keep merchan-
dise in the store for long. Any item that’s been in the store for a
month is marked down 20%. For each additional month an item
stays in the store, Karla’s staff marks it down another 20% from the
previous month’s price.

The “Ever-Whiny Baby” doll didn’t generate much interest. It began
as a $30 doll. Several months later, Karla’s still had lots of the dolls
in stock.

a. Complete the table, showing the price of the doll each month.

Doll Price

Month 0 1 2 3 4 5 6 7

Price ($) 30

b. Graph the data in your table. Connect the points with a smooth,
dashed curve.

c. What kind of relationship does this appear to be? Look back
through your book if you need help remembering the relation-
ships you’ve studied.

37. Savings accounts pay interest on the money in the account. Each
month, a percentage of the money in the account is added to the
balance, and that money is included when the next month’s interest
is calculated.

For example, suppose an account had $100 in it on January 1, and
the account pays 12% interest per year. Each month, �

1
1
2
� of that

amount, or 1%, will be paid on the amount in the account.

a. After 1 month, 1% of the $100 is added to the original $100. How
much money is now in the account?

b. After 2 months, 1% of the amount currently in the account is
added. How much money is now in the account?

c. How much money is in the account after 6 months?

d. This method of calculating interest is called compound interest.
Another method is simple interest. With simple interest, only the
original amount is used to calculate the interest each month. That
is, if the account starts with $100, 1% monthly simple interest
would add exactly $1 each month.

How much money would be in this account after 6 months?

Describe several
ways percentages
are used to
compare different
quantities.

own
In y o u r

words
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Evaluate.

38. 3
�2 39. 22 � 23 40. 22 � 2

�2

41. 0.005 � 0.1 42. 102 � 0.1 43. 1002 � 0.3

44. 0.22 45. 0.2
�2 46. �1�6�9�

Solve each equation. Be careful: Some of these equations have more than
one solution.

47. t2 � 49 48. x2 � 4 � 5

49. 2(c � 0.1) � 3c � 1.1 50. �
5
r

� � �
5
r

�

51. 3z � 2 � z 52. �
a
1
2� � �

2
8

�

53. Mr. Ritter was curious about the copy machine in his office. He
wanted to know if pressing the 200% button meant that the area of
a picture would be doubled. What would you tell him?

54. Geometry Find the volume and surface area of this cylinder.

55. Consider this cylinder.

a. The base of this cylinder has an area of 30.25� cm2. Find the
cylinder’s radius.

b. The rectangular piece that can be used to form the curved side of
this cylinder has an area of 110� cm2. Find the cylinder’s height.

? cm

? cm

12 cm

4 cm

Review
Mixed
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56. Use the expression given to complete the table. Then write another
expression that gives the same values. Check with the values in
the table.

n 0 1 2 3 100

�
4n2

2
� 1
�

57. Physical Science The table lists the elements that make up
Earth’s crust.

Earth’s Crust

Element Mass (%)
Oxygen 49.13

Silicon 26.00

Aluminum 7.45

Iron 4.20

Calcium 3.25

Sodium 2.40

Potassium 2.35

Magnesium 2.35

Hydrogen 1.00

Others 1.87

Source: Ultimate Visual Dictionary of Science

a. If you had a 1,000-kg sample of Earth’s crust, how many
kilograms of it would you expect to be iron?

b. If you had a 500-kg sample of Earth’s crust, how many kilograms
of it would you expect to be potassium?

c. What percentage of Earth’s crust do the three components that are
in the greatest abundance make up?

d. Aluminum, iron, calcium, sodium, potassium, and magnesium
are classified as metals. What percentage of Earth’s crust is
composed of metals? (Assume the “Others” category contains
no metals.)

e. Compare the amount of calcium in Earth’s crust to the amount of
hydrogen in two ways.
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Justin and Cleavon manage a supermarket. They came across this state-
ment from an ad for potato chips:

In a national survey, 60 out of 100 people preferred potato chips over
pretzels; only 40 out of 100 preferred pretzels.

Think  Discuss
When they discussed the ad, Justin said, “50% more people prefer
potato chips than pretzels.”

Cleavon said, “Of the people who were surveyed, there’s a 20% dif-
ference between those who prefer potato chips and those who prefer
pretzels.”

Who is right? Could both Justin and Cleavon be right? Explain.

Suppose you were an advertiser and overheard Justin’s and Cleavon’s
comments. Whose statement would you rather use in an ad for potato
chips?

11 Interpreting Comparisons

You probably hear comparisons that use ratios and percentages every day.
News reports and advertisements, such as TV commercials, use such
comparisons all the time. People who write advertisements try to state
comparisons in a way that will make you want to buy their products.

Interpreting
and Applying
Proportions
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Problem Set A

In a recent election by a seventh grade class with 90 students, Razi
received 36 votes and Jorge received 54 votes.

1. Tell whether each of the following statements presents this informa-
tion accurately. For each accurate statement, explain or give a calcu-
lation to show why it is accurate.

a. The ratio of the number of students who voted for Razi to the
number who voted for Jorge is 2:3.

b. 40% of the voters preferred Razi.

c. Jorge received 20% more of the total vote than Razi received.

d. 50% more people voted for Jorge than for Razi.

e. 18 more people voted for Jorge than for Razi.

f. Jorge received �
3
5

� of the votes.

g. The number of people who voted for Jorge is 1.5 times the num-
ber who voted for Razi.

2. Which of the accurate statements in Problem 1 seems to give the
best impression of the class’s preference for Jorge? Why?

3. Which of the accurate statements in Problem 1 seems to minimize
the class’s preference for Jorge? Explain.

4. Do some of the statements seem more informative than others?

5. Some ratios compare a part of some group to the whole group, like
the number of students who voted for Razi, 36, compared to the total
number of voters, 90. Such ratios are called part-to-whole ratios.

Other ratios compare a part of a group to another part of the same or
a different group, like the number of students who voted for Razi,
36, compared to the number who voted for Jorge, 54. These kinds of
ratios are called part-to-part ratios.

a. Which statements in Problem 1 make part-to-whole comparisons?

b. Which statements in Problem 1 make part-to-part comparisons?

In the next problem set, you will see how different impressions can be
created by presenting the same data in different ways.
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Problem Set B

The organizers of a basketball tournament had one team slot left to fill,
but two teams they wanted to invite. They decided to look at the two
teams’ win-loss records.

The Wayland Lions had won 24 games and lost 16. The Midway Barkers
played more games, and their record was 32 wins and 22 losses.

1. Find the ratio of wins to the total number of games for the Lions.
Do the same for the Barkers. Are these part-to-part or part-to-whole
ratios?

2. Find the ratio of losses to the total number of games for each team.

3. What percent of all their games did the Lions win? What percent of
all their games did the Barkers win?

4. What percent of all their games did the Lions lose? What percent of
all their games did the Barkers lose?

Now you will compare the teams using a different method of comparison.

5. Use ratios to compare each team’s wins to losses. Are these part-to-
part or part-to-whole ratios?

6. For each team, the number of wins is what percent of the number
of losses?

7. Use a percentage to report how many more wins than losses each
team had.

8. One of the organizers thinks the Lions is definitely the team to invite.
What statements—using comparisons and other information—might
this organizer make so that the Lions look like the best choice?

9. Another organizer thinks the Barkers is the team to invite. What
statements—using comparisons and other information—might this
organizer make so that the Barkers look like the best choice?

Share
Summarize

In 2001 California had about 19,720,000 registered motor vehicles.
About 9,960,000 were cars. The other 9,760,000 were trucks, buses,
and motorcycles. That same year, New York had about 10,710,000
registered motor vehicles: 8,800,000 cars and 1,910,000 other vehicles.

Write at least five comparison statements using these statistics.
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22 Predicting Based
on Smaller Groups

People sometimes want to estimate large quantities that are difficult or
impossible to count—such as the number of animals or plants of a partic-
ular endangered species, or the number of people affected by a flu epi-
demic. If you had to count each individual member of these populations,
it would be costly and time-consuming, and probably impossible to get
exactly right.

In this investigation, you will learn how proportions can help you to
estimate such numbers without actually counting every member. In
Chapter 10, you will learn more about this type of estimation.

Problem Set C

Each student in your group should take 5 beans from your bag and mark
them. Put all the marked beans back into the bag with the other beans,
and mix them carefully.

Without looking in the bag, take out 20 beans and record the number of
marked beans.

1. What is the number of marked beans?

2. Estimate the total number of beans in the bag. How did you make
your estimate?

3. What did you need to assume to estimate the total number of beans?

4. Do you think your estimate would be better, worse, or the same if
your bag contained thousands of beans? Why? How might you mod-
ify the method you used to make the estimate more accurate?

To estimate the numbers of different animals in the wilderness, scientists
use a method called capture-tag-recapture. This method is similar to the
process you used to estimate the number of beans in your bag.

Using this method, scientists capture a certain number of animals and
mark them using collars, rings, or other tags. They then release the ani-
mals. Some time later, they capture another group of animals and count
how many in that group are tagged. They can then solve a proportion to
estimate the total number of animals.

M A T E R I A L S
bag of beans

The puffin is a seabird that
builds its nest in the cliffs
of coastal islands.
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Problem Set D

1. Suppose biologists tagged 43 blue whales in the Antarctic waters.
The next year, they caught 70 blue whales and found that 6 of them
had tags. Estimate the total number of whales in the area. Explain
your method.

2. Red wolves have been classified as extinct in the wild, but some still
live in captivity. Some efforts have been made to restore red wolves
to forests in North Carolina and Tennessee.

Suppose biologists caught 20 wolves from those forests, tagged
them, and then freed them. Later they caught 15 wolves and found
that 5 had tags. Estimate the number of red wolves in the forests,
and explain how you solved the problem.

3. Suppose ornithologists tagged and released 240 bald eagles from
across the United States. A couple of months later, they caught 100
birds and found that 3 of them had tags. Estimate the number of bald
eagles in the United States.

Surveys don’t use the capture-tag-recapture method, but they do use pro-
portions to make estimates of large populations of people.

Problem Set E

The population of Massachusetts is about 6.35 million people. A survey
questioned 1,000 people across the country and found that 294 people had
two televisions in their homes and 392 people had three or more televi-
sions. The survey also found that 657 people had cable television service.

1. Estimate how many homes in Massachusetts have two televisions.
Assume the proportions for Massachusetts are the same as for the
sample.

2. Estimate how many homes have three or more televisions.

3. Estimate how many homes in Massachusetts receive cable television.

4. Discuss with your partner the methods you used to solve 
Problems 1–3. What assumptions did you make and why?

Share
Summarize

What method would you use to estimate the number of people in a large
crowd, such as the large gathering at Times Square in New York City on
New Year’s Eve?

520-599_08elMSMgr7  1/10/04  10:22 AM  Page 589



On Your Own Exercises

1. There are 20 trees in a small city park, 5 oaks and 15 birches.

a. Compare the number of oaks to the number of birches using
a ratio.

b. What is the ratio of birches to the total number of trees? What is
the ratio of oaks to the total number of trees?

c. What percentage of all trees in the park are birches? What per-
centage are oaks?

d. Now compare the number of birches to the number of oaks by
stating the ratio of birches to oaks.

e. The number of birches is what percentage of the number of oaks?

f. What percentage more birches are there than oaks?

g. Write as many comparison statements about the trees in this park
as you can.

2. The manager of the Stevenson Middle School cafeteria surveyed
100 students to find which school lunch they liked least. Here are
her results.

Students Rate Lunches

Lunch Number of “Worst” Ratings

Hamburger 5

Pizza 5

Tuna surprise 75

Macaroni and cheese 15

a. Represent these results using percentages.

b. Represent these results using differences in numbers of “Worst”
ratings.

3. Social Studies The table gives measles-immunization data for
several countries.

a. Write a ratio statement
comparing Afghanistan
and Cambodia.

b. Write a percent statement
comparing Eritrea and
France.

c. Compare Israel and
Nepal using a statement
that is not a ratio or per-
cent statement.

&Practice
Apply

Infants Immunized for Measles

Country Percent of Infants
Afghanistan 42

Cambodia 72

Eritrea 38

France 82

Israel 94

Nepal 45

Source: The State of the World’s Children 1999, UNICEF,
New York.
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4. Miki’s Bag-It shop carries a line of luggage with the following sizes
and prices.

Types of Luggage

Item Dimensions Price
22" rolling suitcase 22" � 14" � 7" $155

26" rolling suitcase 26" � 17" � 9" $220

29" rolling suitcase 29" � 20" � 10" $240

a. For each item, find the volume and the price per cubic inch.

b. Use a percentage to write a statement comparing the volumes of
the 22" and 26" suitcases. Compare the 26" and 29" suitcases in
the same way.

c. Write a statement comparing the prices of the 22" and 26" suit-
cases. Compare the 26" and 29" suitcases in the same way.

d. Write a statement comparing the prices per cubic inch of the
22" and 26" suitcases. Compare the 26" and 29" suitcases in the
same way.

5. Biology To estimate the number of white-tailed deer in Idaho,
biologists captured and tagged 500 deer and then released them
back into the forest. A year later the biologists captured 280 deer
and counted 2 deer
with tags. Estimate
the actual number
of deer in the forest.
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6. Biology Marine biologists estimated the number of manatees living
in the waters off the coast of Florida. They caught and tagged 120
manatees and then let them go. Of the 150 manatees they caught the
next year, 9 were marked. Estimate the number of manatees living in
these waters.

7. Social Studies In March 1999 the New York Times and CBS News
polled 1,469 registered voters in New York. The poll found that 48%
of the people would support Hillary Rodham Clinton if she ran for
senator, while only 39% said they would support the mayor of New
York City, Rudoph Giuliani. Suppose the number of registered vot-
ers in New York at the time was 14 million.

a. How many registered voters would you expect to support Clinton
at the time of the poll? How many would you expect to support
Giuliani?

b. Voter turnout is generally a fraction of the number of people reg-
istered to vote. Assuming a 50% turnout, how many actual votes
would you expect Clinton to receive if the election was held at
the time of the poll? How many would you expect Giuliani to
receive?

c. What percentage of the registered voters would you expect to
actually vote for Clinton?

Endangered marine
mammals, manatees
may grow to 2,000
pounds and eat up to
9% of their body weight
in plants every day.
Water pollution,
habitat destruction,
and run-ins with boat
propellers make life
extremely difficult for
these gentle creatures.

facts
Just

t h e
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8. There are 864 students and 32 teachers at Scott School. There are
1,428 students and 42 teachers at King School.

a. Find the ratios of students to teachers at each school. Can you
form a proportion with these ratios? Why or why not?

b. Suppose King School wants to make its student-teacher ratio
close to that at Scott School. How many new teachers would King
have to hire?

c. Can you write a part-to-whole ratio using these data? Explain.

9. Annette recorded how she spent her time each day for a week.

Daily Activities

One School Year 75 Years 
Week, (39 Weeks), (Age 5 to 80),

Activity in Hours in Days in Years
Sleeping 54.6

At school 35.0

Socializing 14.1

Watching TV 11.2

Doing homework 9.0

Talking on phone 8.4

Reading 7.0

Eating 7.0

Bathing, grooming 6.3

Other activities 15.4

a. What assumption would you have to make to complete the table?

b. Is the assumption in Part a reasonable for the “School Year” col-
umn? If not, would it be reasonable for some of the activities? If
so, which ones?

c. Is the assumption in Part a reasonable for the “75 Years” column?
If not, would it be reasonable for some of the activities? If so,
which ones?

d. Complete those entries in the table for which your assumption
seems reasonable.

e. Calculate the percentage of time Annette spent in each activity
during the week she made her records.

f. Make a circle graph of the percentages from Part e.

&Connect
Extend
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10. Life Science A sample of blood was diluted 100,000 times. The
drawing represents a photograph of the red blood cells in 20 cubic
millimeters of the diluted blood as taken through a microscope. Each
dot represents one red blood cell.

a. Think of a way to estimate the number of red blood cells in the
drawing without counting all of them. Explain your method.

b. Use your method to estimate how many red blood cells are in
20 mm3 of the sample of diluted blood.

c. About how many red blood cells were in 1 mm3 of this blood
sample before it was diluted?

11. Social Studies When a political group holds a rally to show
support for a cause or to protest, the police will usually estimate the
number of people attending. The estimates are often made by count-
ing the number of people in a particular location. That number, and
the area of the selected location, can be used to set up a proportion
for estimating the total attendance.

The organizers of such rallies will often make their own estimates—
and usually their estimates are much higher.

Suppose the organizers of an event want their estimate to be as high
as possible to show that lots of people support their cause. How
might they choose the location where they will count people attend-
ing? Explain.

A healthy adult human
has 20 to 30 trillion
red blood cells, with an
average life span of 120
days. To keep up with
this demand, the body
replaces about 2 million
red blood cells every
second.

facts
Just

t h e

Describe the ways
you can compare
two quantities.
Give an example
of a situation for
each comparison
method you
describe.
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12. Geography The table shows population and land area for five
states.

Population and Area in the U.S.

State 2000 Population Land Area (mi2)
Alaska 626,932 570,374

California 33,871,648 155,973

Illinois 12,419,293 55,593

Utah 2,233,169 82,168

Vermont 608,827 9,249

Reprinted with permission from The World Almanac and Book of Facts.

a. Estimate how many people live in a particular 15 mi2 area in
California and in a particular 15 mi2 area in Vermont.

b. What assumption did you have to make to solve Part a? Is this a
reasonable assumption? Explain.

c. Calculate the population density—the number of people per square
mile—for each of these states. Which state is most crowded?

Evaluate for k � 1, m � 2, and n � 4.

13. kn 14. nm

15. �
m
k
m� 16. �

m
k

n

�

17. n�m 18. �
m

k
�m�

19. n(mk � n) 20. m2m(mm)

21. Irene made a bead necklace by alternating groups of 3 blue beads
and 2 red beads. She used a total of 75 beads. How many beads of
each color are in her necklace? Explain how you found your answer.

22. You are traveling by train and bus. The train averages 70 mph, and
the bus averages 50 mph.

a. Let t and b represent how many hours you ride on the train and
the bus, respectively. Write an expression for the total miles you
travel on your trip.

b. Suppose the total distance you travel is 600 miles. Use your answer
from Part a to express this as an equation.

c. If you travel 600 miles and spend 5 hours on the train, how long
was the bus ride?

Japan has the world’s
highest population
density, at 322 people
per square kilometer in
2000. In comparison,
the density of the
United States was only
31 people per square
kilometer.

facts
Just

t h e
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Chapter Summary

Comparisons can take many forms, including differences, rates, ratios,
and percentages. In this chapter, you learned to compare ratios using
equivalent ratios and unit rates. You also used percentages as a common
scale for comparisons.

You combined difference with percentages when you worked with percent
change. You also learned how to use proportions to solve problems
involving ratios and percentages, including problems involving similarity.

Strategies and Applications

The questions in this section will help you review and apply the important
ideas and strategies developed in this chapter.

Comparing and scaling ratios and rates

1. The Quick Shop grocery store sells four brands of yogurt.

Brand Meyer’s Quick Shop Rockyfarm Shannon

Price 2 for $1.50 3 for $2 $.75 each $.80 each

Size 8 oz 6 oz 6 oz 8 oz

a. For each brand, find the ratio of price to ounces.

b. For each brand, find the unit price.

c. Use the unit rates to list the brands from least expensive to most
expensive.

d. Explain how you could use the ratios in Part a instead of the unit
rates to list the brands by how expensive they are.

2. Every summer, Joe makes his famous Peach Cooler. To make the
drink, he mixes 3 quarts of tea with �

1
2

� quart of peach juice.

a. Find the ratio of tea to peach juice in Joe’s Peach Cooler.

b. Find the ratio of tea to Peach Cooler (that is, to the final drink).

c. If Joe has only 2 quarts of tea, how much peach juice should
he add?

d. For a party, Joe wants to make 7 quarts of Peach Cooler. How
much tea and peach juice does he need?

e. Explain how you found your answer for Part d.

Chapter 8Chapter 8 &Review Self-Assessment

V O C A B U L A R Y
proportion
unit rate
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Writing and solving proportions

3. Quinn’s favorite toy store was running a contest. Contestants had to
guess the number of marbles in a jar. All the marbles were clear, so
Quinn had an idea. She convinced the owner to let her add 20 mar-
bles to the jar and then remove 20 marbles. Not seeing how this
could help her, the owner agreed.

Quinn put in 20 colored marbles, mixed all the marbles in the jar
thoroughly, and then, without looking, drew out 20 marbles. She had
drawn 3 colored marbles and 17 clear marbles.

a. Write a proportion Quinn could use to estimate how many mar-
bles are in the jar.

b. Solve your proportion.

c. How many marbles should Quinn guess are in the jar?

4. The sandhill crane shown here has a wingspan of approximately 6
feet. Measure the crane’s wingspan and height in the picture, and
use that information to estimate the real crane’s height.
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Using percentages to make comparisons

5. Social Studies Public elementary and secondary schools in the
United States receive money from different levels of government.
The table shows National Education Association estimates for sever-
al states for the 2001–02 school year. All numbers are in thousands
of dollars.

School Funding Sources

598 C H A P T E R  8 Ratio and Proportion

Local and 
State Total Federal State Intermediate
California 35,054,650 3,108,332 19,920,649 12,025,669

Hawaii 1,364,412 101,842 1,231,799 30,771

Maine 1,520,325 95,181 698,005 727,139

Mississippi 2,502,975 325,505 1,422,642 754,828

New Hampshire 1,365,391 42,742 83,529 1,239,120

a. Which of these states received the most federal money?

b. Which of these states relies most on federal money?

c. Explain why Part b is a different question from Part a.

Understanding percent change

6. In 1999 about 48.5 million people visited the United States. In 2000
there were 50.9 million visitors. In 2001 there were 45.5 million.

a. Describe two ways to find the percent change from 1999 to 2000.
Explain how to tell whether the change is an increase or a decrease.

b. Find the percent change from 1999 to 2000 and from 2000 to 2001.
Be sure to specify if each change is an increase or a decrease.

Writing and interpreting comparisons

7. A brand of shampoo used to be packaged in 12-ounce bottles and
priced at $3.60. When the company switched to 15-ounce bottles,
they kept the pricing the same to be more competitive. To get atten-
tion on the store shelf, they printed “25% more FREE!” on the new
bottles. (That doesn’t mean someone can take 25% of the shampoo
in a bottle without paying for it!)

a. Explain what is meant by the statement “25% more FREE!”

b. Write as many statements as you can comparing the old size and
price to the new size and price.
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Demonstrating Skills
8. Examine the tile pattern.

a. Write the ratio of white tiles to
purple tiles.

b. Write at least five ratios for the tile
pattern.

9. Paul wants to tile a large area using this
pattern. Make a ratio table of possible
numbers of purple and white tiles that
he could use.

Find the value of the variable in each proportion.

10. �
1
5
2
� � �

9
x

�

11. �
3
y
.2
� � �

4
7

�

12. �
9
3

2
6
� � �

2
w
3
�

13. �
4
a
.7
� � �

6
1
1
3
.1
�

Find the missing measures for these similar figures.

14. 15.

Set up and solve a proportion to answer each question.

16. 17 is 5% of what number?

17. What percent of 450 is 25?

18. What is 32% of 85?

c2

18

5.5

5 2

a

9

13

b
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