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Using Mathematics to Teach About Globalization 

In recent decades the world has become increasingly globalized. Student need to 
understand how the world is connected and that as a result, changes in one part of the 
world can impact people thousands of miles away. This series of five lessons is designed 
to teach high school students about globalization while meeting the requirements of the 
Indiana Academic Mathematics Standards. Each lesson applies mathematics content in a 
way that allows students to explore a global issue. The mathematics content ranges in 
level from Algebra I to Pre-Calculus. Each lesson plan contains background research 
about the global issue, a detailed procedure for teachers to use in planning and teaching 
the lessons, and all ofthe required worksheets for student use. 
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Introduction 

This project is composed of a series of lessons and activities that meet the 

mathematics curriculum standards while also teaching students about an aspect of 

globalization. The goal of these lessons is to make mathematics more relevant and 

meaningful for high school students. These lessons demonstrate how mathematics is 

useful in understanding the nature of the world we live in, and they allow students to 

learn mathematics and other topics simultaneously. 

All lessons in this project are designed to be easily incorporated into a teacher's 

existing curriculum plans. The flexibility of the lesson plans allows the activities to be 

adapted to fit time restrictions and the objectives ofthe course. The teacher may chose to 

incorporate included extensions to the activities or to teach only a portion of the activity 

in order to best meet the needs of the individual class. Each of the lessons is intended to 

take one or two 50 minute periods of class time. The activities can also be easily adapted 

to a block schedule. 

The primary objective of each lesson is to teach solid mathematical content to 

high school students. (Two lessons may also be appropriate for the middle school level.) 

The mathematics fulfills the curriculum described in the Indiana Academic Standards and 

the national standards established by the National Council of Teachers of Mathematics 

(NCTM). The activities cover a wide range of topics appropriate for Algebra I, Algebra 

II, Geometry, and Pre-Calculus classes. At least one of the lessons should satisfy the 

curriculum for almost every high school mathematics course. Specifically the topics are: 

ratios and proportions, word problems with rates, surface area and volume of three 

dimensional figures, exponential functions, and trigonometric functions. In each lesson, 
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students are asked to use higher level thinking skills to respond to questions on the 

activity sheets and in discussion. The questions are intended to enhance their 

understanding of mathematics and to encourage creative thinking about the global issue. 

The second objective of this project is to help students look at the global nature of 

society in the twenty first century. As nations become increasingly interconnected, it is 

important for students to understand that the actions of one country can influence the rest 

of the world. It is also a valuable for students to understand that other people live in 

completely different circumstances, and for the students to be able to reflect on what life 

would be like for a person on the other side of the world or in a different historical 

period. The following lessons use mathematics to help students understand the 

magnitude of global concerns and interactions. The topics explore how transportation 

has changed over time, how globalization effects business, how global communication is 

possible; they analyze the production and consumption of natural resources and the 

challenge of providing basic needs to a country with limited financial resources. These 

topics are designed to help students appreciate social and technological advancement 

while also making them aware of challenges that arise from such advancement. 

The final objective is to demonstrate that mathematics can be used to understand 

the world in realistic applications. When students realize that mathematics is not an 

isolated subject, but an essential part of many fields, learning mathematics becomes more 

meaningful. Each lesson has strong connections to another discipline such as history, 

economics, technology, communication, or natural resources. The interdisciplinary 

nature of the activities not only makes learning mathematics more relevant and enjoyable, 
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but it gIves students the opportunity to learn about mUltiple fields of study 

simultaneously. 

The fonnat of each activity and the detailed directions are intended to make 

organizing and teaching the lessons simple and free of frustration. Each lesson contains 

an overview that introduces the mathematical content and the global issue that will be 

explored. Following the overview is a list of standards that are taught in the lesson and 

the specific objectives that should guide teaching and learning throughout the activities. 

Since the lessons are designed to fit into the existing curriculum, students are sometimes 

expected to have learned some skills before beginning the activities; the prior knowledge 

required for the students to be successful with the lesson is clearly listed. A helpful 

section for the teacher is the background infonnation which contains an overview of the 

global issue being covered in the lesson. The sources of this infonnation are also 

included if the teacher is interested in doing additional research. A detailed outline of the 

teaching sequence is part of the materials; the detail is intended to minimize preparation 

time, but the teacher may choose to make changes in the outline to fit the needs of the 

class or the style preferences. Every lesson contains a list of discussion questions to 

emphasize the objectives of the lesson and to encourage students to invest higher level 

thinking into the mathematics and the global issue. A list of required materials will help 

the teacher to be prepared, and all data sheets and activity sheets are a part of the lesson 

packet. The final page of each lesson is an evaluation guide that contains the solutions to 

the activity sheets and a suggested point distribution. The following lessons contain the 

research and materials necessary to engage students in a meaningful mathematics lesson 

that will help them to see the world with new perspective; the only additional component 
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required is an enthusiastic teacher willing to get students actively involved in learning 

mathematics. 
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Ratios and Resources 

Topic: Ratios and Proportions 
Level: Algebra I or 6th Grade Math 
Time: 2 days 

Overview: This lesson can be used to practice, review, or refresh students' 
understanding of ratios and proportions. Students will use data about energy resource 
production and consumption in selected regions to write ratios. They will explore what 
the ratio represents and why it is a useful way to describe data. The second day students 
will use proportions to compare the consumption of resources in different countries and 
regions. They will explore what would happen if all countries consumed as much as the 
United States. This lesson can be condensed or adapted depending on the prior 
knowledge and experience of the students. 

Objectives: 
In this lesson students will: 

• Understand the meaning of a ratio and how it is different from a fraction 
• Use data to write ratios 
• Identify ratios as "part to part" or "part to whole" 
• Write ratios in lowest terms 
• Think about what it means for a ratio to be less than! greater than one 
• Understand the meaning of a proportion 
• Solve a proportion for a single variable 
• Use proportions to analyze data 

National Standards: (From NCTM Principals and Standards for School 
Mathematics): 
Middle School 

• Understand and use ratios and proportions to represent quantitative relationships; 
• Develop, analyze, and explain methods for solving problems involving 

proportions, such as scaling and finding equivalent ratios. 

High School: 
• Use symbolic algebra to represent and explain mathematical relationships. 
• Draw reasonable conclusions about a situation being modeled. 

Indiana Standards: (From Indiana's Academic Standards and Resources): 
6th Grade Math 
6.2.6 Interpret and use ratios to show the relative sizes of two quantities. Use the 
notations: alb, a to b, a:b. 
6.2.7 Understand proportions and use them to solve problems. 

Algebra 1 
A1.7.1 Simplify algebraic ratios. 
A1.7.2 Solve algebraic proportions. 
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Prior Knowledge: 
Before beginning this lesson students should: 

• Have some experience in writing ratios 
• Have some experience in solving proportions 

Materials: 
• "Ratios and Resources Data" sheet (one for each student) 
• "Ratios and Resources Part 1" worksheet (one for each student) 
• "Ratios and Resources Part 2" worksheet (one for each student) 
• Students will need calculators 

Background Information: 
Crude oil, coal, and natural gas are the three primary world energy sources. 

Energy resources are not evenly distributed around the world, and not all countries 
consume energy at the same rates. Some counties produce more energy resources than 
they use, while other countries must obtain the resources they need from foreign sources. 
The greatest producers of energy are the United States, Russia, China, Saudi Arabia, and 
Canada (these five produce 48.6% of energy resources) followed by the United Kingdom, 
Australia, Norway, Iran, and India (13.\ % of energy resources) (Grillot). The greatest 
consumers are: United States, China, Russia, Japan, and Germany; these countries 
consume 48.9% of the world's energy (Grillot). Each year production and consumption 
of these resources continues to increase. 

Sources: 
2002 World Population Data Sheet. Population Reference Bureau. 

<http://www.prb.orgfpdf/¥l0rldPopulationDS02 Eng.pdt> 
Grillot, Mike. International Energy Annual 2002. October 4, 2004. EIA. 

<http://www.eia.doe.gov/iea/overview.html> 

NCTM Standards available at http://standards.nctm.org/document/chapter7Iindex.htm 

Indiana Academic Standards available at: 
http://www.indianastandardsresources.org/standardSummary.asp?Subject=math&Grade= 
A2&Standard= 
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TEACHING SEQUENCE 

DAY 1 

Beginning Class Procedure: 
Collect and review homework from previous day or complete other routine tasks. 

Introduction: Time: 3 min 

Write ~ on the board 
5 

What mathematical terminology is used to describe this? 
(If students have not been studying ratios, they will probably say "a fraction." This will 
lead to the discussion ofthe difference between fractions and ratios. If students have 
been studying ratios, this discussion can be used as a review of terminology and concepts. 
If students have spent a lot of time studying ratios and they have a good understanding, 
the teacher may choose to start the activity right away.) 

Write 4:5 
What would you call this? Can these two notations mean the same thing? 

Write 4 to 5 
What about this notation? What does it mean? 

These are the three different notations used to write ratios. 

Transition: Let's talk about what a ratio means in mathematics and how it is different 
from a fraction. 

Ratios and Fractions Time: 15 - 20 min 

If! look at the fraction ~ ,what might it represent? (Ex: getting 4 points correct on a 
5 

five point quiz, four girls in a class group of 5 " .. ) 

Can we use ~ to represent the fraction of correct answers on a test if I got 20 right out of 
5 

25? (Yes, 20 is a fraction that represents the number of points correct on the test. That 
25 

fraction is equivalent to ~, so we can write either fraction to represent the same portion 
5 

of the test that is correct.) 

So that leads us to the meaning of a fraction. A fraction represents the number of pieces 
of a whole unit. You might remember in elementary school when you had a rectangle 
divided into 5 equal parts and then you shaded four parts to represent the fraction 
(demonstrate on the board). 
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So, now we need to talk about how ratios are similar to fractions but not the same. 
Sometimes we can use ratios to represent the same thing as a fraction. For example we 

d
4 fr· f· 4 . use - to represent the actIOn 0 pomts correct on a test. If we wrote - as a raho to 
5 5 

describe performance on a test it would mean, "the number of problems correct to the 
total number of problems." 

A fraction represents a portion of a whole. 
A ratio represents a comparison of two quantities. 
Remember there are three ways to write a ratio and only one way to write a fraction. 

Examples: 
Write a ratio of the number of girls in this class to the number of students in this class. 
Write a ratio of the number of students in this class wearing T-shirts to the total number 
of students. 

These ratios compare a part of the class to the whole group. 

We can also use ratios to write a comparison of two parts. For example, write a ratio of 
the number of girls in the class to the number of boys. Notice it is not the same as the 
ratio ofthe number of girls to the whole class. We could also write a ratio of the number 
of boys in the class to the number of girls in the class. We can not write this type of 
relationship using a fraction. 

Examples: 
Write a ratio of the number of students enrolled in Spanish to the number enrolled in 
German. 

What two types of comparisons can we make with ratios? (part to whole or part to part) 

Examples: (tell if it is "part to whole" or "part to part") 
The number oftrumpet players to the number of members ofthe band (part to whole) 
The number of students who play tennis to the number who run track (part to part) 
The number of students who have after school jobs to the number who don't work (part 
to part) 

Ifwe rewrite the ratio 20:25 as 4:5 does it still mean the same thing? Let's draw a 
diagram of what is going on. Use colored chalk to draw 20 yellow marks and 25 pink 
marks. Circle groups oftive marks of the same color. There are four groups of yellow 
and 5 groups of blue. Is the relationship between the two quantities still the same? (Yes, 
these two ratios are equivalent, just like with fractions. The second ratio is written in 
lowest terms) 

Write some of the ratios discussed before in lowest terms. (Ex: # of girls to # of boys) 
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Transition: Next we are going to use ratios to look at a much bigger picture than the 
number of students in our school. We are going to use ratios to explore the amount of 
energy resources used in different regions of the world. 

Explain Activity: Time: 8 min 
Present some of the background information. 

(Pass out data sheet)Energy consumption and production are important issued in the 
world today. We must balance production and consumption so that prices remain stable. 
We must also think about the availability of resources in the future. If we waste 
resources, eventually there will be a shortage. This is a two part activity that will give 
you a chance to analyze where resources are consumed and what might happen if energy 
resources are over-used. 

(pass out Part I)The first part of the lesson that you will work on today focuses on 
writing ratios. The questions will ask you to use the information on the data sheet to 
write ratios. The only part that we have not talked about yet is number 3. The directions 
explain what to do. Notice the units that each resource is measured in. For #3 be sure to 
multiply the number listed in the table for crude oil by 1000 (since the number represents 
thousands of barrels). Likewise multiply the popUlation by 1 million. What do you need 
to multiply by for coal? Natural gas? You do not have to worry about multiplying in the 
other questions because you are interested in the ratio of two quantities with the same 
units. (Give and example.) You do have to make sure that there are no decimals in your 
fraction notation. 

Ratios and Resources Part I Time: Remaining time 
Students should use remaining time to work on the activity and ask questions. The rest 
should be finished for homework. 

DAY 2 

Homework Questions: Time: 5 min 
Collect or grade homework according to regular procedure. Make sure students keep the 
data sheet for today's activity. 

Discussion Questions Time: 5 min 
• How are ratios different from fractions? 
• How are ratios useful in describing data? 
• Can you write a ratio ofthe amount of coal used in China to the amount of natural 

gas used in Norway? (Yes, but it is often not as useful to compare two loosely 
related quantities). 

• Does the value of a ratio always have to be less than one? (What does it mean if 
it is less than/greater than I?) 
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• Do you think it is better or worse for the country's economy if the ratio of 
production to consumption is greater than one? 

• What do you think is going on when a ratio shows that crude oil consumption is 
more than production? (???) 

Discuss Proportions Time: 10 min 

Yesterday we said that we can reduce the fraction 20 to i. We say that these two 
25 5 

fr . . I 20 4 Th· . b 20 4 * 5 4 * 4 Wh actIons are eqUlva ent or - = - . IS IS ecause - = --= - I = - . en two 
25 5 25 5 * 5 5 5 

ratios are equal, we say they are proportional. An equation that shows two ratios are 
equal is called a proportion. 

It is fairly easy to see that a pair of ratios such as ~ and ~ are equivalent. (Draw a 
3 9 

diagram again if needed.) However, sometimes you will be asked how to make two ratios 
proportional. 
Example I: 

Find x that makes the following proportion true: ~ = g 
4 16 

(You could solve this by recognizing that 16 is divided by 4 to give 4, so 12 is divided by 
four to give x = 3) 

Example 2: 
x 5 
-=- (x=30) 
48 8 
What method did you use to solve this proportion? (demonstrate by multiply 5 by 6 and 
by useing cross multiplication) 
Do several more examples if needed. 

Ratios and Resources Part 2 
In this part of the activity you will use proportions to analyze what would happen if other 
countries consumed as many resources per capita as people from the United States do. 
Complete I a, I b and 3a as a class. 

Students can use the remaining time to work on the activity. The teacher may decide if 
the students work individually or in groups. 

Discussion Questions 
• What would happen if everyone consumed as much as the U.S.? 
• Were you surprised by how much production would have to increase to meet the 

demand if other countries consmned as much as the U.S.? Look at the amount it 
would have to increase for oil, coal, and natural gas. 

• Who do you think holds responsibility for pollution and diminishing resources? 
• Of the countries listed, who consumes the second most oil/coal/natural gas? 
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Ratios and Resources Data 

2002 Energy Resource Production and Consumption in World Regions 

Central! Eastern 
Asia! South Europe and Middle North Western 

Africa Oceania America Former USSR East America Europe 
Crude Oil Production 7,436.5 7,462.1 6,118.8 9,097.5 19,642.9 11,093.4 5,991.1 
Crude Oil Consumption 2,674.7 21,452.1 5,238.1 5,256.7 5,043.5 23,842.8 14,698.3 
Natural Gas Production 4,740.7 10,550.0 3,722.2 27,047.4 8,674.1 27,013.1 10,547.4 
Natural Gas Consumption 2,445.6 11,557.5 3,556.5 23,719.8 7,633.0 26,991.1 15,852.5 
Coal Production 252.7 2,500.5 63.6 764.3 1.3 1,179.1 491.0 
Coal Consumption 185.8 2,459.5 35.9 704.7 11.5 1,151.9 712.4 

2002 Energy Resource Production and Consumption in Selected Countries 

Australia China 
Crude Oil Production 626.0 3,389.7 
Crude Oil Consumption 880.5 5,161.0 
Natural Gas Production 1257.2 1152.3 
Natural Gas Consumption 893.5 1152.3 
Coal Production 377.7 1,521.2 
Coal Consumption 159.6 1,422.1 
Population 19.7 1280.7 

Crude Oil is measured in Thousands of Barrels I Day 
Natural Gas is measured in Billions of Cubic Feet 
Coal is measured in Millions of Short Tons 
Population is measured in millions 

Iraq 
2,023.0 

510.0 
83.3 
83.3 

0 
0 

23.6 

Saudi South 
Norway Russia Arabia Africa 

2,990.2 7,408.2 7,634.4 19.5 
206.6 2,580.0 1,514.0 464.0 

2412.4 21026.6 2002.4 81.2 
255.7 14567.4 2002.4 81.2 

1.7 259.3 0 245.3 
1.4 229.3 0 171.6 
4.5 143.5 24.0 43.6 

(Sources: http://www.eia.doe.gov/iea/overview.html and http://www.prb.org/pdflWorldPopulationDS02_Eng.pdf) 
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United 
States 

5,745.5 
19,761.3 
19047.0 
22534.0 
1,093.8 
1,065.8 

287.4 

World 
Total 
66,842.2 
78,206.2 
92,294.8 
91,755.9 

5,252.5 
5,261.7 

Venezuela 
2,603.9 

522.0 
1052.4 
1052.4 

10.0 
0.9, 

25.1 I 



Name : _________ _ Class: _______ _ 

Ratios and Resources: Part 1 

1. Write a Ratio that describes each relationship: 
a. The amount of crude oil consumed in Africa to the a. ___ _ 

amount of crude oil produced in Africa. 
b. The amount of crude oil produced in the Middle b. ___ _ 

East to the amount produced in the world. 
c. The amount of coal produced in China to the c. ___ _ 

amount of coal produced in the entire region of 
Asia/Oceania. 

d. The amount of natural gas consumed in the U.S to d. ___ _ 
the amount of natural gas consumed in the world. 

e. The amount of natural gas consumed in Russia to e. ___ _ 
the amount of natural gas produced in Russia. 

2. Describe the ratios in lea-e) as "part to part" or "part to whole." 
a. d. ________ _ 

b. _______ _ e. ________ _ 

c. ________ _ 

3. The average amount of a resource used in a country for each 
member of the country is called the amount of resource used per 
capita. Write the ratio of the amount of resource consumed to the 
population in each case (Use individual units, not millions or 
billions). Divide the amount of resource by the population on your 
calculator to find the amount of resource used per capita as a 
decimal. Include the units of measurement. 
a. Natural gas consumption in Venezuela a. ____ _ 

b. Crude oil consumption in Australia b. ____ _ 

c. Coal consumption in South Africa c. ____ _ 
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4. Write a ratio as a fraction in lowest terms for each relationship: 
a. Natural gas consumption to production in Saudi Arabia. a. ___ _ 

b. Coal consumption to production in Venezuela. b. ___ _ 

c. Crude oil production to consumption in Iraq. c. ___ _ 

5. a. What does it mean when the ratio of production to consumption 
is greater than 1? Use the data to write another ratio greater 
than 1 (For a-c, be sure to indicate what the ratio represents, 
not just the numbers.) 

b. What does it mean when the ratio of production to consumption 
is less than 1? Use the data to write another ratio less than 1. 

c. What does it mean when the ratio of production to consumption 
is exactly 1? Use the data to write another ratio equal to 1. 
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Name : _________ _ Class: _______ _ 

Ratios and Resources: Part 2 

1. Write a ratio describing the number of barrels of crude oil 
consumed to population in the following countries. (Use individual 
units-not thousands or millions.) 
a. United States 

b. Russia 

c. China 

d. Venezuela 

e. Norway 

f. Saudi Arabia 

2. Which country has the highest consumption of crude oil per capita 
in 20027 Explain your reasoning. 

3. Use proportions to determine how much crude oil each of the 
following countries would consume if their per capita consumption 
was the same as the United States. Round answers to four digits. 
Show work and include units. 
a. Russia 

b. China 

c. Venezuela 

d. Norway 
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e. Saudi Arabia 

4. The world population in 2002 was 6,214,891,000. 
a. Use proportions to determine how many barrels of crude oil 

would be consumed worldwide if all countries had the same per 
capita consumption as the United States. 

b. How many times more is the amount in 4a than the amount of 
crude oil consumed worldwide in 20027 

c. Describe what you think would happen to production and supply 
of crude oil if the world consumed the amount listed in 4a. 

5. Use proportions to determine how many cubic feet of natural gas 
would be consumed worldwide if all countries had the same per 
capita consumption as the United States. 

6. Use proportions to determine how many short tons of coal would 
be consumed worldwide if all countries had the same per capita 
consumption as the United States. 

7. How much crude oil could the United States consume if it was 
required to use no more oil for each member of the country than 
Norway uses per capita? 
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Evaluation Key: Total Points = 55 
Ratios and Resources 

Part 1: 25 Points 
1) (One Point Each) 

26745 
a. 

74365 

b. 196429 
668422 
15212 

c. 
25005 

d. 225340 
917559 
145674 

e. 
210266 

2) (One Point Each) 
a. Part to Part 
b. Part to Whole 
c. Part to Whole 
d. Part to Whole 
e. Part to Part 

3) (2 Points Each) 
1052400000000 

a. 
25100000 

b. 880500 
19700000 

41928.3 cubic ftiperson 

0.0447 barrels of oil each day/person 
171610000 

c. 3.936 Short tons/ person 
43600000 

4) (1 Point Each) 
1 

a. -
1 

b. ~ 
100 
2023 119 

c.--=-
510 30 

5) (2 Points Each, Examples will vary) 
a. Production is more than consumption. 

There is a surplus 
b. Production is less than consumption. 

There is a deficit. 
c. Production equals consumption. 
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Part 2: 30 Points 
I) (I Point Each) 

Units = barrels per person each day 

a. 19761300 = 65871 = 0.068759 
287400000 958000 

b. 2580000 129 =0.017979 
143500000 7175 

c. 5161000 = 5161 0.00403 
1280700000 1280700 

d. 522000 = ~=0.020797 
25100000 12550 

e. 206600 1033 0.045911 
4500000 22500 

f. 1514000 = ~=0.063083 
24000000 12000 

2) (2 Points) 
United States. If you divide to find the decimal as illustrated in I, the highest decimal 
corresponds to the U.S. 

3) (2 pts each) 
a. 9,867,000 barrels/day 
b. 88,100,000 barrels/day 
c. 1,727,000 barrels/day 
d. 309,400 barrels/day 
e. 1,650,000 barrels/day 

4) a.(2pts) 427,300,000 barrels/day 
b. (lpt) 5.46 times as much 
c. (I pt) Resources would run out more quickly. Production would have to be 

increased. 
. 22534000000000. 

5) (I pt) per capita of U.S. = cubic ftlperson 
287400000 

(2pt) 487,200,000,000,000 cubic feet 
(487,200 billion cubic feet) 

1065800000 . 
6) (lpt) short tons/person (Ill US) 

287400000 
(2pts) 23,050,000,000 short tons 

( 23,053 million short tons) 
7) (2pts) 13,190,000 barrels/day 
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It's a Smaller World After All: 
Faster Rates of International Travel 

Topic: Distance-Rate-Time Word Problems 
Level: Algebra I 
Time: 2 days 

Overview: This lesson is designed to help students learn to take the information from a 
word problem and write it as an equation with one variable. All of the equations are 
related to the formula D = rt. After writing the equation, students will practice solving 
for variables in all three positions. While practicing important algebra skills, this lesson 
also presents a historical perspective of transportation. Students are asked to reflect upon 
the way transportation has changed over time and the implications of advanced 
transportation. They should try to imagine themselves in past cultures. 

Objectives: 
In this lesson, students will be able to: 

• Identify the significant information in a word problem. 
• Write a mathematical equation that describes the situation presented in a word 

problem. 
• Decide on the appropriate units to model the situation, and convert units if 

necessary. 
• Transform the equations using order of operations to solve for the variable. 
• Check the answer by making sure the answer is reasonable in the situation. 
• Recognize applications of mathematics in transportation. 
• Reflect on how transportation has changed throughout history. 

National Standards: 
• Write equivalent forms of equations, inequalities, and systems of equations and 

solve them with fluency-mentally or with paper and pencil in simple cases and 
using technology in all cases. 

• Identify essential quantitative relationships in a situation and determine the class 
or classes of functions that might model the relationships. 

• Make decisions about units and scales that are appropriate for problem situations 
involving measurement. 

• Solve problems that arise in mathematics and in other contexts. 

Indiana Academic Standards: 
A1.1.5 Use dimensional (unit) analysis to organize conversions and computations. 
A1.9.2 Decide whether a solution is reasonable in the context ofthe original situation. 
A1.9.3 Use the properties of the real number system and the order of operations to justify 
the steps of simplifying functions and solving equations. 
A1.9.4 Understand that the logic of equation solving begins with the assumption that the 
variable is a number that satisfies the equation and that the steps taken when solving 
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equations create new equations that have, in most cases, the same solution set as the 
original. 

Prior Knowledge: 
Before beginning this lesson, students should: 

• Know how to transform equations to solve for one variable 

Materials: 
• "It's a Smaller World After All" Problem sheet (one for each student) 
• "Comparing Rates ofInternational Travel" Table (one for each student) 

Background Information 
Efficient transportation of materials and people has been an important part of economic 
development since early civilizations. Until the 18th century modes of transportation 
were limited to use of animals, boats, and traveling by foot. It has only been in the last 
250 years that transportation has dramatically improved allowing us to travel worldwide 
within a mater of days. This is incredibly fast compared to the first trip around the world 
which took three years (Magellan). Advanced transportation has allowed people of 
different parts of the world to become more interconnected contributing to a global 
society. 

Sources: 
Rodrigue, J ean-Paul. Historical Evolution of Transportation-Part I. 14 May, 2004 

<http://www.people.hofstra.eduigeotrans/engichlen!conclen!chlc3_len.html> 

NCTM Standards available at http://standards.nctm.orgidocument/chapter7/index.htrn 

Word problem data are derived from the following web sites: 
• "Definition of High Speed Rail." Available at 

http://www.wordiq.com!definitionlHigh -speed Jail#High
speed trains VS. automobiles or aimlanes 

• "The Speed of Change." Available at http://www.lessons4Iiving.comlspeed.htm 
• "Commercial Aircraft." Available at 

http://wings.avkids.comIBooklVehicles/advanced/commercial-OI.html 
• Distance Calculator. Available at http://www.indo.comldistance/ 
• "Record Breaking in 1998" Available at 

http://www.nautica.itlboatshow/records.htm 
• "The Silk Road." http://library.thinkguest.orglI3406/srl?tgskip I = I 
• "Pheidippides" Available at http://www.bartleby.coml65/phlPheidipp.html 
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TEACHING SEQUENCE 

Dayt 
Beginning Class Procedure 
Collect and review homework from previous day or complete other routine tasks 

Motivation Time: 5 min 
Question for class discussion: 

I. Name as many forms of transportation as you can. 
2. What role does transportation serve in our society? (think about transporting 

materials used in manufacturing, products to be sold, natural resources, security 
forces, private travel, business travel ... ) 

3. How would your world change if we did not have efficient modes of 
transportation? (only eat food grown nearby, limited resources for heating, you 
could not buy clothes or cars or electronics from overseas or even from across the 
country, or if you could, the prices would be outrageous) 

Transition: We are going to use math to explore how transportation has changed over 
the centuries. As we look at this idea, think about how people's lives were different 
than yours when transportation was more restricted. Before we begin looking at the 
transportation transformation, we need to develop some mathematical tools. 

Introduce D=rt formula Time: 15 min 

Questions to help develop formula: 
If I drive 55mph for 2 hours how far will I travel? How did you get that answer? 
Write on the board: 
55mph x 2 hours = 110 miles 

If Katie walks at a pace of 4 miles an hour, how long will it take her to walk an 8 mile 
trail? How do you know? 

Write: 
8 miles / 4 miles an hour = 2 hours 

What is the distance in each example? (Label the distance under both equations.) 
What is the time in each example? (Label the time under both equations.) 
How would you categorize 55 mph or 8 mph? (We'll call this the rate) 

In both equations we have a distance, a time, and a rate. Are the equations 
Distance = Rate * Time and Distance / Rate = Time equivalent? How can you 
demonstrate this? 

Is this relationship always true? (Yes. This is going to be the formula that we use to 
solve other problems involving rates of travel) 
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Notice you can transfonn the equation to solve for any variable. You do not have to 
memorize three different equations. Always use D = rt, and divide both sides of the 
equation in order to solve for the variable if needed. 

Notice the units in the problem. What happens when we multiply mileslhr by hours? (= 
miles) Is this consistent with the fonnula? 
Do the units agree in the second equation? This is a good way to check to make sure you 
set up the problem the correct way. 

Example I: 
Jeremy is running late for school. The school is 800 meters away, and he has 4 minutes 
to ride to school. How fast does he have to bike in order to get to school on time? 

Use the fonnula to detennine the rate in meters/minute. Do the units agree? 
Use unit conversions to calculate in meters/second. 

Strategies for setting up word problems 
I. Read the entire problem to understand the general idea 
2. Identify key infonnation needed to solve the problem 
3. Decide on the unknown value; this will be the variable 
4. Substitute key infonnation and variable into fonnula 

After finding an answer, check to make sure it is reasonable. 

Explanation of Activity: Time: 5 min 
You will use the fonnula we just developed to explore how transportation has changed 
over time. Answer each problem on a separate sheet of paper. Show your work, and be 
sure to watch out for cases in which units need to be converted before beginning. 
Answer the questions that follow the word problems. 

Do the first problem as an example. 

It's a Smaller World After All Problem Solving Activity: 

Allow students to use the remaining class time to work on the problem solving sheet. 
They may work individually or in small groups. The remainder should be finished for 
homework. 

Day 2 
Discussion Preparation/Opening Activity Time: 10 min 
Students work in pairs to complete the "Comparing Rates ofIntemational Travel" Table. 
They should find the answers from their homework sheet. Some answers to the table will 
be in the question--not the answer. All rates should be in the same units (mph). The dates 
do not have to be exact. This table is designed to organize the progression of methods of 
transportation. 
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Students can also use this time to check homework answers with their partner. The 
students should help each other understand the correct answer. 

Questions on Homework Time: 10 min 
Tum in word problem homework, but keep the table. 

Class Discussion Time: 10 min 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

How would your life be different, if domesticated animals were the main source 
of transportation? 
Has the rate of transportation by road made steady improvement or has it been 
sudden? What does this tell you about advancing human knowledge? 
Do you think there has been a steady improvement in water transportation? Is 
steamship a more effective method of transportation than canals? How is 
transportation by canals limited? 
How has transportation by train changed in the last 150 years? What are 
advantages of train travel (economic or convenience)? Do you think it is a mode 
of transportation worth investing in? 
Where do you think high speed trains are most practical? (Connecting large 
cities). 
Transportation by air is the most modem commercial form oftransportation. 
How has the efficiency and dependability of air travel changed since the time of 
Amelia Earhart? Where might you find a plane that is faster than 500 mph? 
Is their one particular country or part of the world responsible for most 
transportation advancement? List new methods oftransportation and where they 
originate. 
Other than speed, what other factors are important when considering the best 
method of transportation? (amount of cargo space, cost, reliability, traffic, time 
spent checking in.) 
How is the way we use transportation different today, than 1000 years ago? How 
is transportation more accessible? What impact does this advancement have on 
your life, and the world as a whole? 
What other considerations would we need to take into account in order to model 
rates of travel more accurately? (wind resistance, currents) (This can be used as a 
transition to the next activity.) 

Suggestions for Extensions: 
• Practice more problems with D = rt. The amount of practice depends on the level 

of students' understanding. 
• Move on to more challenging D=rt problems. Consider wind resistance or current 

of the water. This can be a direct extension of the word problems used 
previously. 

• Have students do a writing activity explaining what they learned about the 
advancement of transportation over time. Have them state figures from their 
homework calculations. Explain the importance of math in exploring rates of 
travel. 
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Name: _________ _ Class: ________ _ 

It's a Smaller World After All: 
Faster Rates of International Travel 

Directions: Use the formula Distance = Rate * Time to solve the following problems for 
the variable. Show your substitutions in the formula and your algebraic work on another 
sheet of paper. You may need to make unit conversions. 

Unit Conversions: 
1 mile = 1.61 km 
1 km = 0.62 miles 

1 day = 24 hours 
1 hour = 60 min 

1. According to the Greek legend, in 490 BC, Phedippides ran 26 miles from 
Marathon to Athens to report that the Greeks defeated the Persians in battle. This 
is the origin of the marathon race. Before making his famous run from Marathon 
to Athens, Phedippides ran 150 miles in the preceding 2 days. 
a. If he spent 20 hours running in those two days, what was his average rate of 

running? On average, how many minutes would it take him to run a mile? 
b. How many minutes does it take you to run a mile? At this pace how long 

would it take you to run 150 miles? 

2. The Silk Road is a trade route connecting China to Europe dating back to 200 B.C. 
Many different routes were part of the Silk Road. Traveling one way across 
deserts and rough terrain, the route was as long as 7000 miles. 
a. How many days would it take to travel 5000 miles of the Silk Road from China 

to Europe to transport valuable silk, gold, or precious stones if the camel 
caravan travels at eight miles per hour for 12 hours a day? 

b. How long would it take to drive this same distance by car traveling 55 miles 
per hour for 12 hours a day? 

3. The Grand Canal was constructed in China between 1368 and 1644 AD to make 
inland regions more accessible. The Grand Canal provided economic stability to 
China. The system was made up of 2500 miles of canals. What rate would the 
cargo have to travel along the canal, to move grain 390 kilometers from an 
agricultural community in the east to Beijing in 26 hours of non-stop travel? Give 
your answer in km/hr and mph. 

4. People traveled by stage coach in the late eighteenth century. Suppose, a stage 
coach travels 10 miles an hour, and it takes three and a half hours to travel to the 
capital to buy rare items at the market. How far away is the capital? 

5. In 1820 a steamship moving 4.75 miles per hour takes 29 days (traveling 24 
hours a day) to travel across the Atlantic Ocean from Liverpool, England to New 
York City. How far is it between the two cities? 

24 



6. In the 1860's what used to be a 3 week trip from New York to Chicago by stage 
coach became a 72 hour trip by locomotive. It is 720 miles from New York to 
Chicago. What is the average speed of the locomotives in the 1860s? 

7. In 1937 Amelia Earhart attempted to fly around the world. The longest and most 
difficult segment of her trip was 2556 miles from New Guinea to the tiny Howland 
Island in the Pacific Ocean. She estimated that the trip would take 18 hours. If 
Earhart was to arrive on time, at what rate would she have to travel? 
(Unfortunately Earhart never landed on Howland Island; she and her plane were 
never found.) 

8. A businesswoman takes a commercial airline from Los Angeles to Tokyo, a 
distance of 5478 miles. The average cruising speed of the plane is 500 mph. 
However the plane can only travel 150 mph on the take off and landing. Suppose 
the plane travels at this slower speed during the first and last 50 miles of the trip. 
How long will the trip take? What other time constraints should be factored in 
when using air travel? 

9. In 1522, Magellan's crew became the first to travel around the world. This was an 
amazing accomplishment of the time. The trip took a little less than three years 
(1081 days). Now, Taiwanese container ships can travel around the world on a 
route 35,000 miles long at an average rate of 20.83 miles an hour. How long will 
this trip take? How many times faster is this trip than Magellan's trip around the 
world? 

10. A new form of transportation is the high speed train. These trains are becoming 
popular in Europe and Japan, but they have not yet been constructed in the United 
States. These trains can reach speeds up to 300 km/h but the average speed is 
slower. 
a. If the Eurostar can travel from London to Paris (343 km) in 

2.365 hours, what is the average speed of the Eurostar? 
b. How many times faster is the averages speed of the Eurostar 

compared to the average speed of the locomotives of the 
1860's? 

c. List some advantages of the high speed train over driving or 
flying. 

11. The world record land speed for mass transportation was set by a Japanese 
magnetic levitation train at 581 km/hr. How long would it take to travel on a 
magnetic levitation train 402 km from Tokyo to Osaka, Japan if the average train 
speed is 450 km/hr? What is the speed in mph? 

25 



Name: _________ _ Class: _______ _ 

Comparing Rates of International Travel 

Directions: This table is designed to organize the progression of methods of 
transportation. Fill out the tables using information from the word problem sheet. 
Some answers to the table will be in the question--not the answer. All rates should be in 
the same units (mph). The dates do not have to be exact. 

T I b R d rave )y oa 
Form of Travel Running Animal Stage Coach Car 
Year 
Speed 

T I b W t rave )y a er 
Form of Travel Canal Steamship Container Ship 
Year 
Speed 

T I b T . rave )y rain 
Form of Travel Locomotive High Speed Train Magnetic Levitation 
Year 
Speed 

T I b PI rave )y ane 
Form of Travel Earhart's Plane Commercial Plane 
Year 
Speed 
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Evaluation Key: Total Points= 41 

It's a Smaller World After All: 
Faster Rates of International Travel 

Point Distribution: 1 point for formula. 1 point for answer. 1 pOint for each additional 
question. 

1 a. (3pts) 
150 = r * 20 
r = 7.5 mph 
min to run a mile:60 I 7.5 = 8 min 

b. (3pts) answers will vary based on 
student's speed 

r = 60 min I # of miles in a min. 
150 = r * t 

final answer 
2. a. (3pts) 

5000 = 12 * t 
t = 416 hours 40 min 
34 days 8 hours 40 min 

b. (3pts) 
5000 = 55 * t 
t =90 hours 54 min 
7 days 6 hours 54 min 

3. (3pts) 
390 = r * 26 
r = 15 km/h 
r = 15 I 1.61 = 9.32 mph 

4. (2pts) 
0=10*3.5 
0= 35 miles 

5. (3pts) 
t = 29 days * 24hr/day = 696 hr 
0= 4.75 * 696 
o = 3306 miles 

6. (2 pts) 
720 = r * 72 
r = 10 mph 

7. (2pts) 
2556 = r *18 
r = 142 mph 

8. (6 pts) 
(5378miles at 500 mph and 100 

miles at 150 mph.) 
5378 = 500 * t 
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t = 10 hours 46 min 
100 = 150 * t 
t = 40 min 
total time = 11 hr 26 min 
Consider check in times and time 

waiting at airport. 
9. (3pts) 

35,000 = 20.83 * t 
t = 1680 hr = 70 days 
1081 I 70 = 15.44 times faster 

10 a. (2pts) 
343 = r * 2.365 
r = 145 kml hr 

b. (lpt) 
145/10 = 14.5 times faster 

c. (2pts) 
no traffic, short check in times, 
higher speeds than driving, more 
practical for short distances 

11. (3pts) 
402 km = 450 * t 
t = 53.6 min 
r = 279 mph 



Evaluation Key: Grade for Completion or lptj Column 
(12pts) 

Comparing Rates of International Travel 

Trave I b R d >y oa 
Form of Travel Running Animal Stage Coach Car 
Year 490 B.C. 200B.C. 1700's 1900's 
Speed 7.5 mph 8 mph 10 mph 55+ mph 

T I b W rave >y ater 
Form of Travel Canal Steamship Container Ship 
Year 1400 1820 Present day 
Speed 9.3 mph 4.75 mph 20.83 mph 

T Ib T . rave )y rain 
Form of Travel Locomotive High Speed Train Magnetic Levitation 

Future (Currently in 
Year 1860's 2000 test stage) 

Speed 10 mph 90-186 mph Up to 279 mph 

T I b PI rave >y ane 
Form of Travel Earhart's Plane Commercial Plane 
Year 1937 Present day 
Speed 142 mph 500 mph 
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Geometry Builders 

Topic: Surface Area and Volume 
Level: Geometry 
Time: 2 days 

Overview: This lesson will help students understand the relationship between surface 
area and volume. Students are presented with the real world crisis of food storage in 
Afghanistan. The students must help the Afghan people by building storage facilities. 
Before construction can begin, students must help decide how to best make use of the 
limited resources. Their challenge is to build the storage facility in the shape of the 
geometric solid that will maximize capacity (volume). The students will work in small 
groups. Each group will be assigned a solid figure and a maximum surface area. If the 
teacher chooses, this can become a differentiated lesson. Groups can be pre-assigned by 
ability levels. Advanced students can complete the project for a more challenging figure, 
while students who are struggling can complete the same tasks using a simpler figure. 
The concepts are the same for all groups, but the difficulty level varies. 

Objectives: 
In this lesson students will be able to: 

a Find the surface area of geometric solids 
a Find the volume of geometric solids 
a Examine how surface area and volume vary as the dimensions of the solid vary 
a Determine how to maximize volume when the surface area of a solid is restricted 
a Use problem solving strategies, reasoning, and teamwork to solve a mathematical 

problem 
a Recognize applications of geometry in the world 

National Standards (From NCTM Principals and Standards for School Mathematics 
Grades 9-12): 

a Use geometric ideas to solve problems in, and gain insights into, other disciplines 
and other areas of interest such as art and architecture. 

a Explore relationships (including congruence and similarity) among classes of 
two- and three-dimensional geometric objects, make and test conjectures about 
them, and solve problems involving them. 

a Understand and use formulas for the area, surface area, and volume of geometric 
figures, including cones, spheres, and cylinders. 

a Apply and adapt a variety of appropriate strategies to solve problems. 

Indiana Standards (From Indiana's Academic Standards and Resources): 
G. 7. 7 Find and use measures of sides, volumes of solids, and surface areas of solids. 
Relate these measures to each other using formulas. 
G.8.1 Use a variety of problem-solving strategies, such as drawing a diagram, making a 
chart, guess-and-check, solving a simpler problem, writing an equation, and working 
backwards. 

Prior Knowledge: 
Before beginning this lesson, students should: 
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• Know how to calculate surface area of three dimensional figures (rectangular 
prism, cylinder, pyramid, sphere) 

• Be familiar with the volume formulas for these same figures 
• Be able to solve an equation for one unknown 

Preparation: 
Divide the students into groups of 3 or 4. The teacher may choose to divide the students 
by abilities and use this as a differentiated lesson. The most advanced students should 
work on the square pyramid (or cone if the teacher chooses to add this figure). The 
students at an intermediate level should work on the cylinder. Students at the most basic 
level should work on a rectangular prism. There can be multiple groups for each figure. 
The number of students working with each figure will determine the number of 
worksheets of each type that are needed. If there are at least six groups, the teacher may 
choose to use two different starting surface areas for each figure. For example there will 
be three groups that work with the surface area of 36,000 feet; the three groups will each 
have a different figure (rectangular prism, cylinder, square pyramid). The other three 
groups will use the same figures with the surface area of 48,000 feet. 

The teacher may choose to include part 3 of the activity sheet as extra credit or as part of 
the assignment. Another extra credit problem is to c'l.mplete the same procedure for a 
triangular prism. . 

Materials: 
• Article for motivation (see background information) 
• Geometry Builders activity sheet (2 pages). There are three forms to choose from 

depending on the figure the student will be working with. Each student gets a 
copy for the geometric solid he is assigned. Make appropriate copies. 

• Each student gets one copy of the Geometry Builders Organization Table that 
corresponds to the geometric solid he is working with. Make appropriate copies. 

• Each student should have a calculator 

Background Information: 
This article published in March 2004 by the Institute of War and Peace Reporting can be 
found at: http://www.iwpr.net/index.pl?archive/arr/arr_200403_108_2 _ eng. txt 

Farmers Try to Stop the Rot 

The lack of food-storage facilities means farmers must either sell their crops for low prices, sell 
them abroad, or watch them rot in the fields. 

By Mustafa Basharat in Kabul (ARR No. 108, 03-Mar-04) 

Despite last year's abundant harvest, a lack of food-storage and processing facilities has created 
a crisis for Afghanistan's struggling farmers. 

With nowhere to store their harvested crops, many farmers have been forced to sell their produce 
at losses or, in some cases, feed the spoiling crops to animals. 

The situation threatens the country's future food supplies. It has already left the country's re
emerging farming community destitute and seeking help from the government and foreign aid 
programmes. 
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About 80 per cent of a population of around 25 million people depend on agriculture - either 
crops or livestock raising - for their livelihood, according to US government statistics. But only 
about 12 per cent of Afghanistan's territory is suitable for growing crops - the rest is mountain or 
desert. 

The current crisis was caused by the destruction of food storage facilities, greenhouses and grain 
silos during the years of conflict. Only one of the nation's 10 grain silos remains operational, 
supplying bread for the m Hitary and university students. 

Mohammad Wahid, a farmer in the Kabul region, said he was forced to sell his onions and 
potatoes cheaply because he had no place to store them. Storage would have allowed him to 
obtain a higher price for his produce during the winter months when food supplies are low. 

"Last year I hoarded 1,000 ser [about 7,000 kilos] of onions in my house in order to sell them, but 
unfortunately they all decayed and [the smell] caused annoyance to all the people," Wahid said. 

Instead of producing fruit and vegetables to feed his family, Wahid finds himself buying food at 
markets like other Kabul residents. 

Abdul Hakim, who owns an orchard with 300 fruit trees in a village just west of Kabul, said he is 
forced to sell fruit to Pakistan. Otherwise apples are often left to spoil because there is nowhere 
to store them, Hakim said, and Afghanistan now faces a fruit shortage. 

The problem is even worse in the provinces where farmers must travel long distances over 
difficult roads to reach markets. 

"Last year I carried my entire grape crop to the Kabul market," said Gul Rahman, a farmer from 
the Qalandar Khel region of Parwan province. Qalandar Khel is two hours from the provincial 
centre Charikar, which in turn is around 50 kilometres from Kabul. Rahmani said that by the time 
it took him to bring his crop to Kabul, the grapes had spoiled, forcing him to sell them for such a 
low price that it didn't even cover the cost of transportation. 

Zia Ullah, an apple farmer in the Karizmir district of Kabul province, told IWPR, "In spite of our 
good crop, we were not able to make much money out of it." He complained that he was forced to 
feed his spoiling fruit to farm animals because he could not transport it to market and lacked 
adequate storage facilities. 

Rabani Haqpal, local country director of the United Nations Food and Agriculture Organisation, 
acknowledged that farmers lacked access to markets because of difficult mountain roads. He also 
noted that, before the years of violence, Kabul had cold-storage units capable of holding 2,000 
tons of fruit. But most of these had been destroyed and never rebuilt, he said. 

And Engineer Shir Mohammad Jamizada, deputy minister of foodstuffs, said a large greenhouse 
in the Badam Bagh area of Kabul had been a major source of winter vegetables before the 
decades of conflict, but it had been badly damaged and still awaits repair. 

Meanwhile, the nation's wheat farmers with nowhere else to store their grain are reportedly 
resorting to keeping it in their homes waiting for mills to grind it into flour. 

Mohammad Tawoos, planning director at the agriculture ministry, said that wheat and rice 
production in northern Afghanistan was surprisingly good in 2003. But the resulting 40 to 50 per 
cent drop in the price of these grains has only added to the farmers' woes. 

The storage problem is also affecting Afghanistan's future harvests. Normally farmers hold back a 
certain portion of their harvest to be used as seed crops for the next growing season. But the lack 
of storage means that farmers must now either quickly sell their harvest or watch it spoil, forcing 
them to purchase seeds for the next year's crop. 
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Taj Mohammad, a farmer from the village of Qala-e-Sheikhan, west of Kabul, said farmers often 
sell their potatoes and carrots at the beginning of the year for half of the price they must pay for 
seed crops. He blamed the government for failing to build adequate storage facilities and said 
that it must act quickly if the country's farmers are going to survive the current crisis. 

Tawoos agreed that the government needs to do more to help farmers with seed stocks, 
fertilisers, and processing equipment. 

The agriculture ministry is working with the US-funded Rebuilding Agricultural Markets in 
Afghanistan Programme, RAMP, to revive 100 farmers' markets around the country. 

And in Mazar-e-Sharif, a new, privately owned flour mill has just opened, providing another outlet 
for wheat farmers' crops. The plant has the capacity of processing about 20,000 tons of wheat a 
year, which its owner said he plans to buy from local farmers. 

Meanwhile the Welfare Development Organisation, WOO, a local non-governmental organisation, 
is being helped by the German government's development agency GTZ to train farmers how to 
turn their fruit into preserves and juice. WOO head Abdul Jalil Sediqi said that the programme 
should reduce the need to import juice from other countries. 

''We are happy about this organisation because it is providing the chance of preserving the fruits," 
said Kamila, a woman who has been farming for 40 years and is now a trainee with the 
programme. 

Kamila lives in the village of Qala-e-Muslim, west of Kabul. She and her family of five have 
struggled with the lack of storage for their fruits and vegetables for years. Now, she and her 
family hope to open a canning and juice business. 

Mustafa Basharat is an independent journalist in Kabul. 

Sources: 
Basharat, Mustafa. "Farmers Try to Stop the Rot." Institute for War and Peace 

Reporting. 3 March 2004. < http://www.iwpr.netlindex.pl?archive/arr/arr_ 
200403 _IOS_2_eng.txt>. 

NCTM Standards available at http://standards.nctm.org/document/chapter7Iindex.htm 
Indiana Academic Standards available at: 
http://www.indianastandardsresources.org/standardSurnmary.asp?Subject=math&Grade= 
A2&Standard= 
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TEACHING SEQUENCE 

Dayt 
Beginning Class Procedure: 
Collect and review homework from the previous day or complete other routine tasks. 

Motivation: Time: 7 minutes 
Read the article in the background information to the class, or have students read it out 
loud. Discuss that the biggest problem in Afghanistan discussed in this article in not the 
lack offood but the shortage of storage facilities. 

• What are the consequences of not having enough storage facilities? (Farmers 
loose their crops, people will be hungry, there are no seeds for next season ... ) 

• How would you feel if you were one of those farmers? 

Introduce Activity: Time: 5 min 
Your challenge is to help the Afghan farmers by designing storage facilities. There are 
plenty of beams to build the structure, but you have only 36,000 square feet of sheet 
metal to cover the outside and bottom of the structure. It is your job to maximize the 
amount of food a storage unit can hold without going over the limit of materials. You 
will try to find out what shape the storage unit should be to maximize the capacity. 

• What are some possible shapes we could use to construct the storage buildings? 
(Rectangular prism, sphere, pyramid, cone, cylinder ... ) 

• How can we compute the measurement of storage capacity? (Volume) 
• How can we compute the measurement of the amount of sheet metal that will be 

needed? (Surface Area) 

Hints: Time: 5 min 
• Read and follow directions 
• First find dimensions that will create a figure with a surface area close to 36,000 
• Next adjust the dimensions so that the surface area is still less than 36,000 and see 

how the volume changes 
• You don't have to record the volume in every row. Don't calculate volume until 

the surface area is close to the maximum 
• Divide up the calculations among your group members 
• Turn in only one copy of the first two pages but everyone's copy of the table. 

Mark your final answer on the table. 
• If students have not studied the formulas for spheres, put the formulas on the 

board. 
• Your table should demonstrate that you have tried enough combinations to feel 

confident about your answer. 

Additional hints if students are struggling 
• Since the sphere has the maximum volume for the surface area restriction, try to 

make your figure "as spherical as possible" while still maintaining the shape you 
are assigned. (Example: a cube is "more spherical" than a long rectangular prism) 

Geometry Builders Activity Time: Remaining Class 
Students should get in their assigned groups and begin working on the challenge. The 
teacher should answer questions and supervise to make sure all students are participating. 
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The teacher can offer suggestions to help students organize their work or to approach the 
correct dimensions. 

Students who finish parts I and 2 early may continue to work on part 3. If some groups 
have still not finished part 2 tell them to each try 3 more combinations for homework. 
They will have some time in class the following day to finish. 

Day 2 
Regroup: Time: 5-15 min 
Have students return to their groups. They may have extra time to work if there was not 
enough time the previous day. Decide on a final best answer for the group (for part 2). 

Discussion: Time: 15 min 
Ask each group to display their best choice for the dimensions on the board. Include the 
sphere in the list of figures. If more than one surface area is used, construct a table for 
b h f: Th db· d l"k h· ot sur ace areas. e ata may e organIze let IS: 

Figure Dimensions Surface Area Volume 

Questions: 
• From part I, we know that the sphere is the most efficient figure for storage. 

There is the greatest volume per unit of surface area. What would be some 
challenges with building a spherical storage space? 

• What strategies did you use to arrive at your final answer? 
• Rank the different figures in order of most efficient to least efficient. How does 

this answer compare with the shapes of storage facilities that you commonly see? 
• Is it always the case with a rectangular prism that the maximum volume occurs 

when the length, width, and height are the same? 
• Does it make sense that the dimensions would be the same considering that the 

sphere is the most efficient figure? Explain. 
• What about the other figures? How are the different dimensions related? 

Extensions: 
• Continue to work on Part 3 in class 
• Journal entry: If your supervisor told you that the budget was extended and the 

amount of sheet metal available increased, how would you use the information 
you found in this activity to help you determine the new dimensions. What 
strategies would you use? How could you save time? 

• Extra Credit problem: Complete the same procedure using a triangular prism 
• Complete a review worksheet for finding the surface areas and volumes of all 

solid figures in this activity. 
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Names: ____________________________ ___ Class : ____ _ 

Geometry Builders (Rectangular Prism) 

Your challenge is to help the Afghan farmers by designing 
storage facilities. There are plenty of beams to build the 
structure, but you have only 36,000 square feet of sheet 
metal to cover the outside and bottom of the structure. It is 
your job to maximize the amount of food a storage unit can 
hold without going over the limit of materials. 

1. The figure that has the greatest capacity compared to 
surface area is the sphere. 
a. Write the formulas for surface area and volume of a 

sphere. 

b. Determine the radius of a sphere that has a surface 
area of 36,000 square feet. 

c. Determine the volume of this sphere. 

2. While the sphere has the greatest surface area, it is not 
the most practical shape for a building. Instead, your 
supervisor asks you to design a building in the shape of a 
rectangular prism. Determine the dimensions of the 
rectangular prism with the greatest capacity that will take 
no more than 36,000 square feet of sheet metal to cover 
the walls, roof, and floor. 
a. Write formulas for surface area and volume of a 

rectangular prism. 

b. How many unknowns are needed to compute volume 
and surface area? 
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c. Why can't you solve this problem the same way you 
determined the surface area and volume for the 
sphere? 

d. Use the table to test different possibilities for the 
dimensions of a rectangular prism. Be sure to label 
with units. Record your best solution. Your table 
should show enough combinations to demonstrate that 
your answer is the best choice. At least 12 
combinations should be tested. 
Dimensions: 

Surface Area: 

Volume: 

3. Determine the dimensions needed to maximize the 
volume of storage facility in the shape of a rectangular 
prism, if sheet metal does not cover the floor of the 
structure. Show all of your work on a separate sheet. 
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Names: ___________ Class: ____ _ 

Geometry Builders Organization Sheet --Rectangular Prism 

Length Width Height Surface Area Volume 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
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Names: ______________ _ Class: __ _ 

Geometry Builders (Cylinder) 

Your challenge is to help the Afghan farmers by designing 
storage facilities. There are plenty of beams to build the 
structure, but you have only 36,000 square feet of sheet 
metal to cover the outside and bottom of the structure. It is 
your job to maximize the amount of food a storage unit can 
hold without going over the limit of materials. 

1. The figure that has the greatest capacity compared to 
surface area is the sphere. 
a. Write the formulas for surface area and volume of a 

sphere. 

b. Determine the radius of a sphere that has a surface 
area of 36,000 square feet. 

c. Determine the volume of this sphere. 

2. While the sphere has the greatest surface area, it is not 
the most practical shape for a building. Instead, your 
supervisor asks you to design a building in the shape of a 
cylinder. Determine the dimensions of the cylinder with 
the greatest capacity that will take no more than 36,000 
square feet of sheet metal to cover the walls, roof, and 
floor. 
a. Write formulas for surface area and volume of a 

cylinder. 

b. How many unknowns are needed to compute volume 
and surface area? 
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c. Why can't you solve this problem the same way you 
determined the surface area and volume for the 
sphere? 

d. Use the table to test different possibilities for the 
dimensions of a cylinder. Be sure to label with units. 
Record your best solution. Your table should show 
enough combinations to demonstrate that your answer 
is the best choice. At least 12 combinations should be 
tested. 
Dimensions: 

Surface Area: 

Volume: 

3. Determine the dimensions needed to maximize the 
volume of storage facility in the shape of a cylinder, if 
sheet metal does not cover the floor of the structure. 
Show all of your work on a separate sheet. 
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Names: ____________ Class: ____ _ 

Geometry Builders Organization Sheet -Cylinder 

Radius Diameter Height Surface Area Volume 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
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Names: ______________ _ Class: __ 

Geometry Builders (Square Pyramid) 

Your challenge is to help the Afghan farmers by designing 
storage facilities. There are plenty of beams to build the 
structure, but you have only 36,000 square feet of sheet 
metal to cover the outside and bottom of the structure. It is 
your job to maximize the amount of food a storage unit can 
hold without going over the limit of materials. 

1. The figure that has the greatest capacity compared to 
surface area is the sphere. 
a. Write the formulas for surface area and volume of a 

sphere. 

b. Determine the radius of a sphere that has a surface 
area of 36,000 square feet. 

c. Determine the volume of this sphere. 

2. While the sphere has the greatest surface area, it is not 
the most practical shape for a building. Instead, your 
supervisor asks you to design a building in the shape of a 
square pyramid. Determine the dimensions of the 
pyramid with the greatest capacity that will take no more 
than 36,000 square feet of sheet metal to cover the walls, 
roof, and floor. 
a. Write formulas for surface area and volume of a square 

pyramid. 

b. How many unknowns are needed to compute volume 
and surface area? 

41 



c. Why can't you solve this problem the same way you 
determined the surface area and volume for the 
sphere? 

d. Write a formula for the height of the triangular face in 
terms of the height of the pyramid and the base. 

e. Combine parts c and d to write a formula for surface 
area in terms of only the base and height of the 
pyramid. 

f. Use the table to test different possibilities for the 
dimensions of a pyramid. Be sure to label with units. 
Record your best solution. Your table should show 
enough combinations to demonstrate that your answer 
is the best choice. At least 12 combinations should be 
tested. 
Dimensions: 

Su rface Area: 

Volume: 

3. Determine the dimensions needed to maximize the 
volume of storage facility in the shape of a pyramid, if 
sheet metal does not cover the floor of the structure. 
Show all of your work on a separate sheet. 
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Names:. ____________ Class: ____ _ 

Geometry Builders Organization Sheet -Pyramid 

Base % Base Height Surface Area Volume 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
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Evaluation Key 
Geometry Builders 

1 a. (2 pts) 
2 4 3 SA = 47Z'r V = -7Z'r 

3 
b. (2pts) 

36,000 = 47Z'r2 

t~o '" 53.52 ft 

c. (1 pt) 

v = .±Jl'(53.52)3 = 204403Jl' ~ 642,151 cubic feet 
3 

2. Rectangular Prism and Cylinder 
a. (2pts) 
b. (lpt) 
c. (1 pt) There is more than one variable. 
d. (llpts) 

12 combinations minimum completed correctly (5 pts) 
Trials suggest that the final answer is the best choice (2pts) 
Dimensions are close to the best answer (2pts) 
Correctly calculated surface area (1 pt) 
Correctly calculated volume (lpt) 

2. Square Pyramid 
a. (2pts) 
b. (lpt) 
c. (1 pt) There is more than one variable. 
d. (height of triangle)A2= (1/2 base)1\2 + (height of 
pyramid)1\2 
e. SA = area of base + area of 4 triangular faces 

SA = b2 +2b h2 +(~b)2 
2 

f. (llpts) 
12 combinations minimum completed correctly (5 pts) 
Trials suggest that the final answer is the best choice (2pts) 
Dimensions are close to the best answer (2pts) 
Correctly calculated surface area (1 pt) 
Correctly calculated volume (lpt) 

3. (lpt) Identify formula that represents new surface area 
(llpts) See 2 d. 
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Sample for Evaluation (Only partial solutions 
shown) 

* denotes best answer 

Geometry Builders Organization Sheet --Rectangular Prism 

Length Width Height Surface Area Volume 
20-Jl5 ft= 20-Jl5 ft= 20-Jl5 ft= 

1* 77.46 ft 77.46 ft 77.46 ft 36,000 square ft 464,758 cubic ft 

2 77ft 77 ft 77ft 35,574 square ft 456,533 cubic ft 

3' 78 ft 77ft 77ft 35,882 square ft 462,462 cubic ft 

4 50 ft 102 ft 85 ft 36,040 square ft 433,500 cubic ft 

5 

Geometry Builders Organization Sheet -Cylinder 

Radius Diameter Height Surface Area Volume 
1 40 ft 80 ft 80 ft 30,159.3 square ft 

2 45 ft 90 ft 90 ft 38,170.4 square ft 

3 43 ft 86 ft 86 ft 34,852.8 square ft 499,557 cubic ft 

4* 43.7 ft 87.4 ft 87.4 ft 35,996.8 square ft 524,354 cubic ft 

5 43 ft 86 ft 90.2 ft 35,987.6 square ft 523,954 cubic ft 

6 44 88 86.2 35,995.1 square ft 524,279 cubic ft 

Geometry Builders Organization Sheet -Pyramid 

Base % Base Height Surface Area Volume 
1 50 ft 25 ft 50 ft 8090.17 square ft 

2 100 ft 50 ft 100 ft 32,360.7 square ft 

3* 105.4 ft 52.7 ft 105.4 ft 35,950 square ft 390,302 cubic ft 

4 105 ft 52.5 ft 106 ft 35,865 square ft 389,550 cubic ft 

5 110ft 55 ft 93 ft 35,870.2 square ft 375,100 cubic ft 
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McDonald's Secret to Success: 
Analyzing Exponential Functions in Global Business 

Topic: Exponential Growth 
Level: Algebra II 
Time: I day 

Overview: This lesson uses exponential functions to explore how globalization has 
allowed McDonald's restaurants to thrive worldwide. Students have the opportunity to 
explore the characteristics of exponential growth in the context of global business. The 
activity involves evaluating exponential functions at given values, but then continues on 
to allow students to search deeper into the concept of exponential functions. Students 
will compare how different rates affect exponential growth in the short term and in the 
long term. Also, students will consider the consequences of continued exponential 
growth. 

Objectives: 
In this lesson students will be able to 

• 
• 
• 
• 
• 
• 
• 
• 

Recognize data that reflects an exponential model 
Understand the basic shape of an exponential graph 
Understand short and long term behavior in exponential functions 
Evaluate exponential functions at a given x -coordinate 
Compare exponential models with different growth rates 
Use exponential models to make predictions 
Apply exponential functions to real world business statistics 
Evaluate the accuracy of a model 

National Standards: 
• Identify essential quantitative relationships in a situation and determine the class 

or classes of functions that might model the relationships 
• Understand and compare the properties of classes of functions, including 

exponential, polynomial, rational, logarithmic, and periodic functions; 
• Interpret representations of functions of two variables 
• Draw reasonable conclusions about a situation being modeled. 
• Approximate and interpret rates of change from graphical and numerical data. 

Indiana Academic Standards: 
A2.7.4 Solve logarithmic and exponential equations and inequalities. 
A2.7.8 Solve word problems involving applications of exponential functions to growth 

and decay. 

Prior Knowledge 
Before beginning this lesson students should know: 

• What an exponent is and how to calculate with exponents 
• The form of an exponential equation (Ex: y = 2 X) 
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• The basic shape of an exponential curve 
• How to solve for y, given a basic exponential equation and a value for x 
• Know the approximate value of e and be able to use e to complete computations 

on the calculator. 

Materials: 
• "Exponential Functions in Global Business" data sheet (for each student) 
• "McDonald's Secret to Success question sheet"(for each student) (2pgs in length) 

Background Information: 
McDonald's began as a single restaurant in the 1930's, and since then it has become the 
largest fast food franchise in the world. The McDonald's trademark-- the Golden 
Arches--is the second most recognized symbol in the world next to the Olympic Rings 
("Olympic Rings"). McDonald's has acquired its success through effective advertising 
(McDonald's is the single most advertised name in the world) and its ability to adapt 
menu items to meet the needs ofthe customer (International Directory). As of 2004, there 
were 30,189 McDonald's restaurants worldwide (Franchise Zone). Some countries with 
McDonald's establishments include India, Israel, Japan, Russia, Spain, and many others. 
As McDonald's spreads to new countries with different cultures, the menu has been 
adjusted to meet the needs of the local customers. For example, the McDonald's in Israel 
serves a kosher menu. The number of restaurants in the United States is beginning to 
make up a smaller percentage of the total number of restaurants. This is a result of 
several causes: 1) McDonald's is spreading around the world at phenomenal rates, 2) the 
U.S. market has nearly reached its saturation point, and competition is more fierce, and 3) 
Americans have recently shown less approval for McDonalds, and instead fast food 
business like Burger King and Wendy's are taking the lead (International Directory). 
Without the new restaurants scattered around the world, McDonald's would most likely 
see a decrease in profits. Globalization seems to be the largest factor that has allowed 
McDonald's to continue its success. 

Most recognized symbols around the world: 
1) Olympic Rings 
2) McDonald's and Shell 
3) Mercedes 
4) United Nations 

Sources: 
Background Info: 
"McDonald's." International Directory of Company Histories. vol 26. ed. Jay 

P. Pederson. St. James Press, Farmington Hills, MI: 1999. 
Most Recognized Symbols: 
"Olympic Rings: Recognized Symbol World Across." Sify Sports. Aug. 9, 2004 

<http://sify.com/sports/olympics/fullstory.php?id=13540434>. 
Up to date Statistics: 
"McDonald's." Franchise Zone. June 25, 2004.<http://www.entrepreneur.com/ 

franzone/details/0,5 885, 12-12---282570-,00.html>. 
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NCTM Standards available at: http://standards.nctm.org/documentichapter7/index.htm 
Indiana Academic Standards available at: 
http://www.indianastandardsresoufces.org/standardSummary.asp?Subject=math&Grade= 
A2&Standard= 
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TEACHING SEQUENCE 

Beginning Class Procedure: 
Collect and review homework from previous day or complete other routine tasks. 

Introduction: Time: 7 min 
Motivating Question I: Ask the class "What are the most recognized symbols in the 
world?" 

Take some suggestions, and record them on the board. Give the results for at least the 
top three symbols: I) Olympic Rings 

2) McDonald's Arches and Shell gasoline symbol 
Point out that these symbols are well recognized around the entire world, and they are 
easily associated with the event or business they represent. 

Motivating Question 2: It is understandable why the Olympic rings would be well 
recognized, but why is McDonald's so popular worldwide? 

(In addition to students responses mention part of McDonald's success is due to wide 
spread advertising and McDonald's adaptability to other cultures) 

Transition: We are going to begin to analyze the growth ofthe McDonald's corporation
-both in the United States and worldwide. Our goal is to figure out how international 
markets have affected the success of McDonald's. In order to analyze the data, we will 
need to use the lessons we have learned about exponential functions. 

Review Exponential Functions: Time: 5 min 
What do you remember from the last few days about exponential functions? 

• Variable in exponent 
• Describe basic shape 
• Give an example of a basic exponential equation 
• Practice evaluating an exponential function 

Explanation of Activity: Time: 7 min 
Hand out the "Exponential Functions in Global Business" data sheet. 

Look at the table that lists the # of restaurants in the U.S. and worldwide since the year 
1940. 
Discuss: 

• What is the initial starting time? (1940) 
• How are the years numbered after 1940? 
• Just looking at the table, what do you notice about the growth in the number of 

restaurants? 
• What makes you think an exponential model might be a good way to describe the 

data? 
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Explain how the graph of the data is obtained 
• The points in the table (along with a few others) are plotted. 

o Horizontal axis = time, labeled # of years after the first McDonald's 
opened 

o Vertical axis = the number of establishments 
• Excel was used to fit a curve to the data. Notice the points do not match exactly, 

but the exponential curve is a best fit curve. 
• The functions that describe the two curves appear in the box below the graph. 

These are the functions that will be used to make approximations for the number 
of establishment in the years that are not recorded in the table. These exponential 
functions can be used to approximate the number of establishments in the past and 
in the future. 

Directions for activity: 
Students may work individually or in small groups at the discretion ofthe teacher to 
answer the questions on the "McDonald's Secret to Success" question sheet. They will 
need to refer to the data sheet discussed already in class. Students need to show work for 
all calculations. 

McDonald's Secret to Success Activity: Time: 
25 min 

Students spend the remainder ofthe class period working on the activity sheet. The 
pages can be finished for homework. 

Discussion Questions: Time: 
10 min 
After the students hand in the assigoment, discuss the results of the activity as a class. If 
time remains, do this on day 1. Otherwise discuss at the beginning of class the next day. 

• How do the two curves compare during the first years of McDonald's business? 
• How do the curves compare as time passes? 
• What causes exponential functions to increase at different rates? 
• Is the exponential model a good choice for this data? 
• Will this model be accurate in the future? 
• What are the consequences of exponential growth? 
• How do you predict the growth will change in the future in the U.S. and 

worldwide? Take into consideration that McDonald's ratings have fallen in the 
U.S. 

• How would the McDonald's corporation be different today, if globalization had 
not allowed McDonald's to spread across the world? 
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Exponential Functions in Global Business 

Number of McDonald's Establishments 
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Years After First McDonald's Opened 

Number of Number of 

Establishments Establishments 

# Worldwide 

# in USA 

Year Opening Worldwide in U.S. 

1940 0 1 1 
Exponential Functions: 

1958 18 34 34 
1960 20 100 100 
1991 51 12000 9000 
1997 57 23000 12500 

Milestones in McDonald's History: 

# Worldwide: wet) = eO.1873! 

# In USA: u(t) = eO.1761! 

• Shortly after the first McDonald's opened hamburgers cost $0.15. 
• In 1968 the Big Mac was introduced 
• In 1975 McDonald's built their first drive thru window 
• In 1978 McDonald's reached all 50 states (notice that until 1978 the 

number of establishments worldwide and in the U.S.A was nearly 
identical). 

• In 1983 the chicken McNugget was created. 
• In the 1990's McDonalds began to lose the satisfaction of customers from 

the U.S. Fast food chains such as Burger King and Wendy's were 
preferred to McDonald's. 

• In 2003 there were 31/000 McDonald's establishments worldwide. Some 
countries include Israel, India, Japan, and Russia. 

(Sources : http://www.nationmaster.comiencyclopediaiMcDonald ·s; International Directory of Company Histories 
Vol. 26, 199) 
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Name: ______ _ 

McDonald's Secret to Success: 
Analyzing Exponential Functions in Global Business 

Directions: Answer the questions using the "Exponential Functions 
in Global Business" data sheet. Show your work for 
computations. Round to the nearest whole number. 

1. Use the exponential model to estimate the number of 
McDonald's restaurants that existed the year you were born. 
Year you were born: _____ _ 

a. Number in the United States: 

b. Number in the world 

c. How many more establishments were there in the world 
that year than in the U.S. alone? 

2. Use the exponential model to estimate the number of McDonald's 
restaurants that existed in 2000. 
a. Number in the United States: 

b. Number in the world 

c. How many more establishments were there in the world 
that year than in the U.S. alone? 

3. If this model continues to hold for future years. How many 
McDonald's restaurants will there be in 2010? 
a. Number in the United States: 

b. Number in the World 
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4. The constant in the exponent before the variable indicates the 
rate of growth for one year. According to the exponential 
models, by what rate do the number of establishments increase 
each year? 
a. Growth in U.S.: 
b. Growth worldwide: 
c. How do the differences in these rates affect long-term growth? 

5. At this point we do not know how to algebraically determine the 
x value of an exponential function if we know the y value. Use 
the graph to estimate the years when there were 5,000 and 
when there were 10,000 McDonald's establishments worldwide. 

6. How do the number of McDonald's establishments in the United 
States and the number worldwide compare in the first 30 years 
after McDonald's was opened? 

7. What has happened to the number of establishment in the United 
States and the number worldwide since 1980? 

8. What do you think is McDonald's (mathematical) secret to 
success? 

9. Do you think this is an accurate model? Why or why not? 

10. What are long term problems with exponential growth? How 
will business be affected if exponential growth continues? 
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Evaluation Key: Total Points = 20 

McDonald's Secret to Success: 
Analyzing Exponential Functions in Global Business 

1. (1pt for each letter) Use the exponential model to estimate the 
number of McDonald's restaurants that existed the year you 
were born. 
Yea r you were born: 1987 (Answers will vary based on the year of birth) 

a. Number in the United States: 
t= 1987-1940 = 47 
U(47) = eO.1761(47) 

U(47) = 3931 restaurants 
b. Number in the world 

W(47) = eO.1873(47) 

= 6655 restaurants 

c. How many more establishments were there in the world 
that year than in the U.S. alone? 
6655 - 3931 = 2724 restaurants 

2. (1pt for each letter) Use the exponential model to estimate the 
number of McDonald's restaurants that existed in 2000. 
a. Number in the United States: 

t= 2000-1940 = 60 

U(60) = e 0.1761(60) 

U(60) = 38,793 restaurants 
b. Number in the world 

W(60) = eO.1873(60) 

= 75,963 restaurants 

c. How many more establishments were there in the world 
that year than in the U.S. alone? 
75,963 - 38,793 = 37,170 restaurants 

3. (1pt for each letter) If this model continues to hold for future years. 
How many McDonald's restaurants will there be in 2010? 
a. Number in the United States: 

t= 2010-1940 = 70 

U(70) = eO.1761(70) 

U(70) = 225,709 restaurants 

b. Number in the World 
W(70) = eO.1873(70) = 494,350 restaurants 
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4. (1pt for each letter) The constant in the exponent before the variable 
indicates the rate of growth for one year. According to the 
exponential models, by what percentage do the number of 
establishments increase each year? 
a. Growth in U.S.: 17.61% 
b. Growth worldwide: 18.73% 
c. How do the differences in these percentages affect long-term 

growth? An increase in the growth rate of only about 1 % causes the 
worldwide number to double the number in the U.S. between 60 and 70 
years. 

5. (1pt for each year) At this point we do not know how to algebraically 
determine the x value of an exponential function if we know the 
y value. Use the graph to estimate the year when there were 
5,000 and when there were 10,000 McDonald's establishments 
worldwide. 
5,000 establishments at t = 45. The year is 1985 
10,000 establishment at t = 48. The year is 1988 

6. (1pt fora reasonable answer) How do the number of McDonald's 
establishments in the United States and the number worldwide 
compare in the first 30 years after McDonald's was opened? 

At first the numbers almost match exact/yo The graphs appear to overlap. 
7. (1ptforareasonableanswer) What has happened to the number of 

establishment in the United States and the number worldwide 
since 1980? 
The number of establishments worldwide has increased much faster than the number 
in the U.S. The graph of the number of establishments world wide is much steeper that 
the number in the U.S. 

8. (1pt for a reasonable answer) What do you think is McDonald's 
(mathematical) secret to success? 
McDonald's would not have been able to continue to grow at a fast rate if it was not 
possible to start businesses in other countries. Globalization has allowed McDonald's 
to continue to prosper. 

9. (2pts fora reasonable answer) Do you think this is an accurate model? 
Why or why not? 
The model appears to be accurate in the early years, but then the numbers start to 
increase much faster than the numbers in the table. It is no longer accurate far beyond 
1990. 

10. (2pts for a reasonable answer) What are long term problems with 
exponential growth? How will business be affected if exponential 
growth continues? 
In exponential growth, over time the growth occurs too quickly. If the number of 
businesses continues to grow, there will be too much competition for the limited 
number of customers, and many of the establishments will fail. 
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Making Waves in Communication Technology 

Topic: Sine and Cosine Curves 
Level: Pre-calculus/Trigonometry 
Time: I day 

Overview: This lesson demonstrates practical applications of sine functions by relating 
them to radio waves. Students will practice writing equations of sine and cosine curves 
that describe the shape of radio waves. In addition to writing equations, students will 
graph curves, make connections between sine and cosine curves, and identify the 
maximum and minimum points in a cycle as the period changes. The lesson is intended 
to demonstrate that radio waves are used in many of the devices we use every day. 
Without radio waves there would not be the communication needed for a global society. 

Objectives: 
In this lesson students will: 

• Practice graphing sine functions and identifying significant points on the curve 
• Understand the meaning of the period of a trigonometric function 
• Solve for B, given the period of a sine function, 
• Write trigonometric equations that model an event 
• Understand the relationship between sine curves and cosine curves 
• Leam about the uses oftrigonometric curves in communication 

National Standards (From NCTM Principals and Standards/or School Mathematics 
Grades 9-12): 

• Solve problems that arise in mathematics and in other contexts. 

Indiana Standards (From Indiana's Academic Standards and Resources): 
PC.4.4 Solve word problems involving applications of trigonometric functions. 
PC.4.S Define and graph trigonometric functions (i.e., sine, cosine, tangent, cotangent, 
secant, cosecant). 
PC.4.6 Find domain, range, intercepts, periods, amplitudes, and asymptotes of 
trigonometric functions. 
PC.4.7 Draw and analyze graphs of translations of trigonometric functions, including 
period, amplitude, and phase shift. 

Prior Knowledge: 
Before beginning this lesson students should: 

• Be able to graph the standard sine and cosine functions 
• Understand that the period of a sine graph is the length of one cycle 
• Be able to detennine the period of a sine/cosine curve given the equation 
• Understand how each part of the general sine/cosine equation effects the shape of 

the graph 
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Materials: 
• Introduction check list: "Which of the following technologies operate on radio 

waves?" (one half sheet for each student) 
• "Making Waves in Communication Technology" activity sheet (3 pages, one 

copy for each student) 

Background Information: 
Electromagnetic waves are all around us even if we can't see them. Ultra violet 

waves cause sunburn, microwaves cook our food, we feel infrared waves in the form of 
heat, and the visible light we see is also a type of electromagnetic wave. The 
electromagnetic spectrum displays a continuum of waves from longest to shortest 
wavelength (See spectrum below). The wavelength is the horizontal distance the wave 
covers in one complete cycle. This wave pattern is the same as a sine wave, and the cycle 
is constantly repeated. 

ELECTROMAGNETIC SPECTRUM 

Radio Sub-Millimeter Infra- Visible- Ultra- X-rays Gamma-
Red Light Violet Rays 

Longest 
Waves 

Wavelength IOOOkm 100um 10um 7.8um - 3.9um IOOnm- IOOpm 
IOnm 

In this lesson we will focus on the longest type of electromagnetic waves-radio 
waves. Radio waves are used for more than broadcasting both AM and FM radio; they 
also are used in television, satellite transmission and wireless technology. These radio 
wave technologies are crucial in enabling communication close to home and around the 
world. Radio waves have the widest range of wavelengths with some measuring as long 
as 1000 km and others as short as 10 cm. 

All waves on the electromagnetic spectrum travel at a speed to 300,000 krnIs. 
The frequency of a wave measures the number of cycles completed in one second. 
Frequency in measured in megahertz (1,000,000 cycles/second) or kilohertz (1,000 
cycles/second). Since all electromagnetic waves travel at the same speed, frequency can 
be used to determine wavelength using the following formulas: 
Frequency in megahertz X wavelength in meters = 300 
Frequency in kilohertz X wavelength in meters = 300,000 

Every technology that operates on radio waves has its own band of frequencies. 
This includes everything from a remote control car to satellites. A more detailed portion 
of the electromagnetic spectrum for radio waves is displayed on the following page. FM 
radio stations use the band ranging from 88-108 MHz. The number of the radio station 
tells the frequency in megahertz. 
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RADIO PORTION OF THE ELECTROMAGNETIC SPECTRUM 

Classificatio ELF- LF MF HF VHF UHF SHF-
n VLF EHF 

Longest 
Waves 

Wavelength Very Long Medium Short Very Ultra Super to 
s Long Waves Waves Waves High High Extremely 

Waves Frequency Frequency High 
Frequencies 

Examples Marine & AM AM Radio SW FM Radio TV& Satellite 
Of Military Radio Broadcasts Mobile Transmissions 

Types Of Us Phones 

httl2:lldsl2ace.dial.l2il2ex.cQmltown/l2il2exdsl/r/arar93/mds975/Contentlradtech.html 

Sources: 
"How the Radio Spectrum Works." How Stuff Works. December 2004. 

<http://electronics.howstuffworks.comlradio-spectrum I. htm> 
"How it Works: Radios." Radio Design Group. December 2004. 

< http://www.radiodesign.comlradwrks.htm> 
"Riding on a Wave." MDS975. January 2005. 

<http://dspace.dial.pipex.comltown/pipexdsVr/arar93/mds975/Content/radtech.ht 
ml> 

'The Electromagnetic Spectrum." NASA. December 2004.> 
< http://imagers.gsfc.nasagov/ems/waves3.html> 

"What is the Electromagnetic Spectrum?' Sl2ace Today Online. December 2004. 
<http://www.spacetoday.org/DeepSpace!felescopesiGreatObservatoriesiChandral 
ElectromagneticSpectrum.html> 

"Wireless Technology and Cellular Phones." OMS Watch. 
<http://www.ombwatch.orglarticle/articleview/3 20/1/96 

NCTM Standards available at http://standards.nctmorgidocumentichapter7/index.htm 

Indiana Academic Standards available at: 
http://www.indianastandardsresources.orgistandardSummary.asp?Subject=math&Grade= 
A2&Standard= 
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TEACHING SEQUENCE 

Motivation: 
As student walk into class, hand them the half sheet that asks about the devices that use radio 
waves. The students should use the first minutes to answer the question. 

Beginning Class Procedure: 
Collect and review homework from previous day or complete other routine tasks. 

Introduce Radio Waves: 
Questions: 
How many times a day do you use devices that operate with radio waves? 
Discuss the answers they marked on the half sheet, and the correct answers. 
Are you surprised how many items we use daily depend on radio waves? 
How do you think communication around the world would be different without radio waves? 

Explain that radio waves are all around us, but we can not see them. They have the exact same 
shape as sine waves. Use other information from the background section to explain how radio 
waves contribute to communication and other technology. Introduce the concepts of 
frequency and wavelength. Talk about how the wavelength is the same as the period of a sine 
curve. 

Review Material: 
Quickly review the concepts that the students have recently studied. The activity will require 
the students to know and apply this information. 

Basic graphs of sine and cosine waves 
General equations for sine and cosine waves: 

y = A sin B(x-h) + k 
Y = A cos B(x-h) + k 
where IAI= amplitude 

h =horizontal shift 
k = vertical shift 
period = 211'1B 

Making Waves in Communication Technology Activity Sheet 
Students may work in small groups or individually on the activity sheet. The sheet can be 
finished for homework or continued the following class day. 
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Name: Class: --------------------------------- ---------------

Making Waves in Communication Technology 

Radio waves have the same shape as sine waves. Every technology that 
uses radio waves has a specific band of wavelengths designated for only 
those devices. In the following problems you will be asked to write the 
equations that describe the radio waves used for different types of 
communication. 

For each problem, your equation will describe a trigonometric curve with 
amplitude of 1 unit. The curves need to be centered vertically on the x
axis (no vertical shift). All equations should pass through the origin. 

1. The frequency band for AM radio is 0.53 to 1.7 megahertz. Your 
favorite team's game is on a station operating at 1.0 megahertz. The 
waves carrying the message have a wavelength of 300 meters. 
a. What is the period of each wave? 

b. In the general form of this sine wave, what is the value of B? 

c. Is this B value larger or smaller than 1? Why is this the case? 

d. Write an equation that describes the waves emitting from the radio 
station. 

e. Graph one period of the sine wave. Adjust the scale accordingly. 
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2. While you are driving in the car on a vacation to Canada, you decide to 
listen to some music. You turn the dial for FM radio to 100.0. This 
station broadcasts at 100 megahertz. 
a. Determine the wavelength using the formula: 

Frequency in megahertz X wavelength in meters = 300 

b. Are FM radio waves longer or shorter than AM radio waves? 

c. Find the value of B and write an equation for these FM radio waves. 

3. Your best friend from high school moved to China. Once a month he 
calls you at home on your portable phone. The waves received by the 
phone have a wavelength of 6. 
a. Find the value of B and write an equation for the radio waves. 

b. Graph 4 periods of the sine wave. 

c. At which x-values is the y value zero? Label pOints on graph. 

d. At which x-values is the wave at its maximum height? Label points. 

e. At which x-values is the wave at its minimum height? Label points. 
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4. You are out of the office so the head of the company that supplies your 
materials calls your cell phone from Berlin. Cell phones either operate 
around 800MHz or 2400MHz. Let's say your cell phone operates at 
2400MHz. 
a. Determine the wavelength of the radio waves your phone receives. 

b. Find the value of B and write an equation for the radio waves. 

c. Write the same equation using a cosine function instead of a sine 
function. 

5. When you get home in the evening, you watch the news on channel 7 
to see what happened in the world that day. The band for television 
channels 2-6 is 54-88 MHz. The band for channels 7-13 is 174-220 
MHz. Let's suppose channel 7 broadcasts at 200 MHz. 
a. Determine the wavelength of the radio waves your television 

receives. 

b. Find the value of B and write an equation for the radio waves. 

c. Write the same equation using a cosine function instead of a sine 
function. 

6. A Marine convoy in the Middle East uses a global positioning system to 
determine their exact location. The GPS sends signals to three 
satellites at 1575 MHz. The signal is returned using the same 
frequency. 
a. Determine the wavelength of the radio waves the GPS receives. 

b. Find the value of B and write an equation for the radio waves. 
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Which of the following technologies operate on radio 
waves? 

_AM radio 
_Remote controlled toys 
__ Digital cameras 
__ FM radio 
__ Baby monitors 

Satellite communications 
__ Atomic clocks 

Microwaves 

_Cell phones 
__ GPS receivers 
__ Wireless internet 
__ Television 
__ Computers 
__ Calculators 

Which of the following technologies operate on radio 
waves? 
__ AM radio 
__ Remote controlled toys 
__ Digital cameras 
__ FM radio 
__ Baby monitors 

Satellite communications 
_Atomic clocks 
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_Cell phones 
__ GPS receivers 
__ Wireless internet 
__ Television 
__ Computers 
__ Calculators 



Which of the following technologies operate on radio 
waves? 

X AM radio 
X Remote controlled toys 

__ Digital cameras 
X FM radio 
X Baby monitors 
X Satellite communications 
X Atomic clocks 
X Microwaves 
X Cell phones 
X GPS receivers 
X Wireless internet 
X Television 

__ Computers 
__ Calculators 
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Evaluation Key: Total Points= 40 

Making Waves in Communication Technology 

Each letter is 1 point each unless otherwise stated. 
1 a. 300m 

Jr 
b. B=-

150 
c. (2pts) smaller, As B gets smaller the period gets longer. 300 m is much longer than 

the standard period of 211". 

d. y= sin(~x) 
150 

e. (4pts) The graph should be one wave with axes labeled so the period is 300 m. The 
maximum is at 75. Zeros are at x = 0,150,300. Minimum at x = 225. 

2. a. 3m 
b. shorter 

2Jr . 2Jr 
c.(2pts) B= """3' y= Sill ("""3 x) 

3. a. (2pts) B = Jr, Y = sin( Jr x) 
3 3 

b. (4pts) Sketch a graph of 4 periods including the points below. 
c. (4pts) x = 0,3,6,9,12,15,18,21,24 
d. (2pts) x = 1.5, 7.5,13.5,19.5 
e. (2pts) x = 4.5, 10.5, 16.5,22.5 

4. a. 118 m 
b. (2pts) 16 11", Y = sin (16 1rX) 

I 
c. (2pts) Y = cos (16 7r(x + -)) 

32 
5. a. 3/2 m 

4Jr . 4Jr 
b. (2pts) B = """3 ' y = Sill ("""3 x) 

4Jr Jr 
c. (2pts) Y = cos (- (x +-)) 

3 3 
6. a. 4/21 m 

21Jr . 211r 
b.(2pts) B= -2-,y=slll(Tx) 
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