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Chapter 1 Project

Ordering Operations
An activity to explore the orders of operations.

Did you know that the order of operations you learn in math courses is a relatively new set of rules? The rules were created 
in the early 1900s and solidified into the current form along with the creation of computers and computer languages. 
Before the 1600s, mathematical notation was not commonly used, and mathematical expressions and equations were 
written out in words. Any phrasing that was ambiguous (that is, could be understood in more than one way) was avoided. 
When simplifying expressions in mathematics, care must be taken to properly follow the order of operations. If you stray 
from the order, you will reach a different conclusion than intended.

Suppose you are creating a computer program to follow the rules for the order of operations. The computer uses * for 
multiplication, / for division, and ^ to indicate exponents.

	 1.	 As your first test, you enter “8 + 0 * 3 − 10 / 2”  into 
the computer program and it returns a value of 7.

a.	 Following the order of operations, what would 
you expect as the result?

b.	 Explain the error(s) made by the 
computer program.

c.	 Insert grouping symbols into the expression 
so that it will simplify to the value returned by 
the computer.

d.	 Rewrite the expression (using parentheses if 
needed) so that the computer program will return 
the expected value from part a. if the computer 
program is not modified.

e.	 Compare the answers from parts c. and d. What 
do you notice?

	 2.	 After modifying your code, you verify that the 
previous expression returns the correct value. For 
the next test, you enter “−4^2 − 10 / 2 + 4” and the 
computer returns a value of 15.

a.	 Following the order of operations, what would 
you expect as the result?

b.	 Explain the error(s) made by the 
computer program.

c.	 Rewrite the original expression so that it will 
simplify to the value returned by the computer.

	 3.	 After further modification, the computer program 
can now properly follow the order of operations. To 
test the program, you want to enter an expression 
that returns a result of 16 while using the following 
conditions: only the numbers 2 and 4 are used, and 
more than one type of operation is used. 

a.	 Create two expressions that should return the 
result of 16 if operations cannot be used more 
than once. 

b.	 Create two expressions that should return the 
result of 16 if operations can be used more 
than once.

	 4.	 As a final step, you write code to allow the program to 
translate English phrases into algebraic expressions. 
You enter the phrase “five times two plus three” and 
the program returns “5 * 2 + 3”.

a.	 If you expected “5(2 + 3)” in return, is the issue 
with the computer program or your phrasing? 
Explain what the issue is.

b.	 Next, you enter the phrase “twelve less two times 
five” and the program returns “2 · 5 − 12”. Is the 
issue the computer program or phrasing?
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Chapter 2 Project

Breaking Even
An activity to demonstrate the use of linear equations and inequalities in business.

In manufacturing, the production cost for an item usually has two components: a fixed cost and a variable cost. You can 
think of the fixed cost as money that must be spent to operate the business regardless of production level. Examples of 
fixed cost include paying the rent or mortgage for the manufacturing facility or insurance on the property. The variable 
cost reflects the funds that must be spent to produce one unit of the product. Variable cost should account for things 

like raw materials and labor costs.

	 1.	 A guitar manufacturer has daily fixed cost of $12,000 and each guitar costs $230 to build.
a.	 Determine the total cost of producing 10 guitars in one day.

b.	 How many guitars were produced in a day when the total cost was $21,890?

c.	 What is the minimum number of guitars produced in a day that will make the total cost exceed $50,000?

	 2.	 The revenue for a manufacturer is the income generated from selling products. Revenue is defined as the price per unit 
times the number of units sold. The guitar manufacturer from our previous problem can sell each guitar for $400.

a.	 Determine the revenue when 10 guitars are sold.

b.	 What is the minimum number of guitars that the manufacturer must sell in a day so that revenue is at least 
$50,000?

	 3.	 Profit is defined as revenue minus cost. The break-even point is the production level at which the profit is 
exactly zero. Above that level, the manufacturer returns a profit. Determine the break-even point for this guitar 
manufacturer. In other words, find the number of guitars that must be manufactured and sold in a day to cover all the 
manufacturing cost.

	 4.	 If the manufacturer could decrease fixed cost from $12,000 to $10,000, would you expect the break-even point to go 
up or down? Explain. Use a linear equation to verify your prediction.

	 5.	 Assume that the manufacturer keeps fixed cost at $12,000 with a production cost of $230 per guitar. What should the 
sale price be to keep a break-even point of 80 units?

	 6.	 Write a linear inequality that represents the company returning a positive profit if the fixed cost is $12,000 with a 
production cost of $230 per guitar and a sale price of $400 per guitar.

	 7.	 Solve the inequality found in Problem 6. Round to the nearest integer and write the solution set in interval notation. 
Explain what this solution set represents.

	 8.	 Based on the solution set found in Problem 7, is there a limit to the number of guitars that can be manufactured and 
sold and still return a profit? Do you think this is realistic? Explain your answer.
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Chapter 4 Project

Demand and It Shall Be Supplied
An activity to demonstrate the use of linear equations and linear inequalities in real life.

In economics, the demand for a product is the number of units of the product that the market is willing to absorb at 
a certain price. That is, the demand is the number of units of the product that sells at any given time. The most basic 
model for the demand d as a function of the price p is given by a linear equation

d = b + mp,

where m and b are real numbers.

	 1.	 The owner of a T-shirt company believes that the demand d (in units) for their Stranger Things T-shirt follows the 
linear demand model from the introduction, where p is the price of one T-shirt and m and b are real numbers. The 
company owner knows that they can sell 300 Stranger Things T-shirts for $20 each but only 250 T-shirts at $25 each.

a.	 Explain why it is reasonable to believe that the demand of T-shirts decreases as the price increases.

b.	 Compute the value of the real number m. How would you interpret the value you have found?

c.	 Compute the value of the real number b. How would you interpret the value you have found?

d.	 Write the demand equation using your answers from parts b. and c.

The supply for a product is the number of units of a product that the manufacturer can make available at a certain price. 
The most basic model for the supply s as a function of the price p is given by a linear equation 

s = b + mp,

where m and b are real numbers.

	 2.	 The T-shirt company from Problem 1 can produce 275 shirts when the price is $20. If the price is raised to $25, they 
can produce 300 shirts.

a.	 Explain why it is reasonable to believe that the supply of T-shirts increases as the price increases.

b.	 Compute the value of the real number m. How would you interpret the value you have found?

c.	 Compute the value of the real number b. How would you interpret the value you have found?

d.	 Write the supply equation using your answers from parts b. and c.

	 3.	 The equilibrium price is the price for which the demand is equal to the supply. At this price, the number of units 
produced is exactly the number of units absorbed by the market.

a.	 Graph the demand and supply equations for the T-shirt company on the same coordinate plane. Recall that the 
x-axis should represent price.

b.	 Find the equilibrium price rounded to the nearest cent and explain what it means in words.

	 4.	 Some products have a demand that is not sensitive to changes in price. That is, a large variation in price will not 
produce a corresponding large variation in demand. This phenomenon is defined as inelastic demand. Perform an 
internet search to find an example of a product with an inelastic demand. Explain why the demand for the product 
is inelastic.
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Chapter 5 Project

Don’t Put All Your Eggs in One Basket!
An activity to demonstrate the use of linear systems in real life.

Have you ever heard the phrase “Don’t put all your eggs in one basket”? This is a common saying that is often quoted in 
the investment world—and it’s true. In an ever-changing economy it is important to diversify your investments. Splitting 
your money up into two or more funds may keep you from losing it all if one of the funds performs poorly. You may be 
thinking that you are too young to consider investments and saving money for retirement, but it is never too soon—
especially in an economy where interest rates are extremely low. Low rates means it takes even longer to build up your 
nest egg. So start saving now and be sure to have more than one basket to put your eggs in! For this activity, if you need 
help understanding some of the investment terms, use the following website as a resource: 
www.investopedia.com

Let’s suppose that you received a total of $5000 in cash as a graduation present from your relatives. You also have an 
additional $2500 that you saved from your summer job. You are thinking about investing the $7500 in two investment 
funds that have been recommended to you. One is currently earning 4% interest annually (conservative fund) and the 
other is earning 8% annually (aggressive fund). Keep in mind that interest rates fluctuate as the economy changes and 
there are few guarantees on the amount you will actually earn from any investment. Also, note that higher rates of 
interest typically indicate a higher risk on your investment.

	 1.	 If you want to earn $400 total in interest on your 
investments this year, how much money would 
you have to invest in each fund? Let the variable x 
be the amount invested in Fund 1 and the variable 
y be the amount invested in Fund 2. Recall that 
to calculate the interest on an investment, use the 
formula I = Prt, where P is the principal or amount 
invested, r is the annual interest rate, and t is the 
amount of time invested, which for our problem will 
be 1 year (t = 1). Use the table below to help you 
organize the information. Note that interest rates have 
to be converted to decimals before using them in 
an equation.

Principal Interest Rate Interest
Fund 1 x 0.04 0.04x
Fund 2 y 0.08 0.08y
Total a. b.

a.	 Fill in the total amount available for investment in 
the bottom row of the table.

b.	 Fill in the total amount of interest desired in the 
bottom row of the table.

c.	 What does 0.04x represent in the context of 
this problem?

d.	 What does 0.08y represent in the context of 
this problem?

e.	 Using the principal column of the table, write an 
equation in standard form involving the variables 
x and y to represent the total amount available 
for investment.

f.	 Using the interest column of the table, write 
an equation in standard form involving the 
variables x and y to represent the total amount of 
interest desired.

g.	 Solve the linear system of two equations derived 
in parts e. and f. to determine the amount to 
invest in each fund to earn $400 in interest. (You 
may use any method you choose: substitution, 
addition/elimination, or graphing).

h.	 Check to make sure that your solution to the 
system is correct by substituting the values from 
part g. for x and y into both equations and verify 
that the equations are true statements.

http://www.investopedia.com/
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Chapter 5 Project

Limitations of Money-Making 
Opportunities
An activity to demonstrate the use of solving systems of linear equations and inequalities in real 
life.

In this project, you will investigate how limitations (known as constraints) on the production of goods can lead to 
limitations on how much profit a company can make.

Suppose the Soaring Eagle Book Store wishes to produce two types of coffee mugs: Type A and Type B. Each Type A mug 
will result in a profit of $3, and each Type B mug will result in a profit of $2.75. Manufacturing one Type A mug requires 
6 minutes on Machine I and 3 minutes on Machine II. Manufacturing one Type B mug requires 4 minutes on Machine I 
and 6 minutes on Machine II. According to the schedule, Machine I has 12 hours available and Machine II has 10 hours 
available to make the mugs. How many of each type of mug should the bookstore make to maximize its profit?

	 1.	 Using the variables x and y, identify the two 
unknown quantities.

	 2.	 Consider the information provided about the time 
available on each machine. This information allows 
us to write two linear inequalities in the standard form 
Ax + By ≤ C. These are called constraints.

a.	 Explain what each constraint represents. 

b.	 Explain why the constraints should be of the less-
than-or-equal-to type.

c.	 Write the two constraints. (Note: Be mindful 
of how the times are expressed, minutes versus 
hours. You’ll need to convert to make units 
consistent throughout.)

	 3.	 Regardless of maximizing profit, there are two more 
“common sense” constraints. Consider whether there 
is a minimum or maximum number of mugs. Using 
this information, write two more constraints and 
explain why they are constraints.

	 4.	 Graph the system of linear inequalities resulting from 
the four constraints. (Hint: You may wish to first 
graph the two inequalities from Problem 3, shading 
lightly. Once you’ve identified the intersection, erase 
extra shading. Then add the other two constraints 
found in Problem 2 to the graph and, once you’ve 
identified the new (smaller) intersection, erase extra 
shading again.)

	 5.	 The final result of graphing the four constraints should 
be a four-cornered region. Use systems of equations to 
solve for the (x, y) coordinates of the four corners.

	 6.	 Recall the profit that the bookstore can make from 
each type of mug. Write an equation of the form 
P = Ax + By, with A and B filled in but not P.

	 7.	 Consider the following six values of P: −400, −200, 0, 
200, 400, and 600. Using your answer to Problem 6, 
lightly graph six lines for these six different values 
of P over the shaded four-cornered region from 
Problem 5. (Hint: These six lines will be parallel.)

	 8.	 Would all of the lines created in Problem 7 indicate a 
possible value of P? Explain why or why not.

	 9.	 Is there a maximum value of P or can it keep 
growing? Why or why not?

	 10.	 Let’s determine the maximum profit that Soaring 
Eagle Book Store can make from selling mugs.

a.	 If there is a maximum value of P, at what point 
does it seem to occur?

b.	 Is there anything special about the point found in 
part a.?

c.	 Substitute this point into your P = Ax + By 
equation from Problem 6 to calculate the 
maximum profit. Express your final answer in 
words; that is, state how many mugs of each type 
should be made to produce the maximum profit 
and what that maximum profit is.	





Chapter 6 Project

Small but Mighty
An activity to investigate the use of polynomials in biology.

In biology, we define a cell as the basic unit that contains the essential molecules of life and that all living things are 
composed of. In this activity, we will investigate why cells are usually very small.

Using a very simplified model, we can consider a cell as a small square. The sides of the square model the cell’s 
membrane, which is the way the cell interacts with the environment, and the inside of the square models the cell’s 
cytoplasm and nucleus, which are the parts that make the cell function.

l

model

l

	 1.	 What is the perimeter of a cell whose side length is equal to 10 mm (micrometers)?

	 2.	 What is the area of this same cell?

	 3.	 Compute the perimeter and the area for cells whose side lengths are 20 mm, 40 mm, and 80 mm.  Summarize your 
findings in the table below.

Side Length (mm) Perimeter (mm) Area (mm2)
10
20
40
80

	 4.	 If a cell has a side length given by l, write a polynomial that represents its perimeter using the variable l. What is the 
degree of the polynomial you found?

	 5.	 If a cell has a side length given by l, write a polynomial that represents its area using the variable l. What is the degree 
of the polynomial you found?

We know that the ability of a cell to obtain its nutrients is proportional to its perimeter. That is, when a cell doubles the 
length of its side, it will be able to obtain twice as many nutrients. We also know that the amount of nutrients needed by 
a cell to function is proportional to its area. If a cell doubles in area, its need for nutrients also doubles.

	 6.	 Looking at the table you completed in Problem 3, determine how many times the need for nutrients increases every 
time the length of the side of the cell doubled.

	 7.	 Use your answer from Problem 6 to explain why there might be a limit to a cell’s size. Explain why the need for 
nutrients grows much faster than the growth in the ability to obtain these nutrients.

	 8.	 Do a quick internet search and find out what the smallest and largest cells found in nature are.  Does the answer 
surprise you? Why?
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Chapter 7 Project

Planting Seeds
An activity to demonstrate factoring polynomials in real life.

Imagine you live within walking distance from a community garden where anyone in the neighborhood can plant, grow, 
and harvest various vegetables and plants. You have been given a plot of land in this garden that is in the shape of a 
rectangle. You also have been given seeds to plant tomatoes, peppers, cucumbers, and squash.

When planting seeds in a garden, it is important to know how much space you have for the crops, and to adjust your 
seeds accordingly. One possible way the plot of land could be divided is shown. For Problems 1 through 5, assume this 
is the layout of the vegetables.

Length

W
id

th

Tomatoes Cucumbers Squash Tomatoes

Tomatoes Cucumbers

CucumbersPeppers

Squash

Squash

Tomatoes

Peppers

	 1.	 The squash sections each have a width of 2x − 1 feet. 
What is the total width of the column of squash?

	 2.	 If the length of the column of cucumbers is x − 4, and 
the width of each section of cucumbers is 4x + 1, what 
is the total area of the three cucumber sections?

	 3.	 The section of tomatoes on the left side of the plot 
of land has an area of x2 + 6x + 9 ft2. If this plot of 
tomatoes were in the shape of a square, what would be 
the length of its side?

	 4.	 One squash section has a width of 2x − 1 feet and a 
length of 4x + 2 feet. 

a.	 What is the area of this section of squash?

b.	 Is there any other possible width and length of 
this plot of land that can exist with this given 
area? Explain why or why not.

	 5.	 The area of one section of peppers is x2 + bx + 24 ft2, 
where b is an unknown positive value.

a.	 What are several different options for the value of 
b so that this area can be factored? Explain how 
you arrived at your answer(s).

b.	 If the area of the section of peppers were 
x2 + bx – 24 ft2 instead, how would this change 
your answers to part a.?

For Problems 6 through 8, assume you are looking at a plot 
of land next to yours.

	 6.	 The total area of a square plot of land next to yours is 
4x2 + 20x + 25. What is the length of one side of the 
square? Explain how you arrived at your answer.

	 7.	 The area of one section of tomatoes on the right side 
of the plot of land is 3x2 − 2x − 5 ft2. What are the 
dimensions of this section? Explain how you arrived 
at your answer.

	 8.	 Assume you wanted to plant the cucumbers in the 
shape of a square. Is it possible for the area of a 
cucumber section to be x2 + 9 ft2 and have one side 
length of x + 3? Explain why or why not.







Chapter 8 Project

You Are What You Eat
An activity to demonstrate the use of rational expressions in real life.

When you eat something, your body immediately reacts and responds to the food in a variety of different ways. 
For example, signals are sent to your brain from your stomach to help indicate when you’re full and don’t need any 
more food. Similarly, the central nervous system will calm your body down to indicate a state of relaxation and safety 
while eating. Amongst thousands of tiny operations your body does while eating, one such action your body takes is 
regulating the state of acidity inside the mouth based on the food that enters it. We are going to look at two common 
states our body experiences: eating food and taking an aspirin. Acidity is measured using a scale called pH. 

This pH in a human can be determined by the formula pH 20.4 6.5,
362�

�
�

x
x

 where x is the number of minutes that have 

passed since the food has been eaten. Normally, the body has a pH of about 7.35 to 7.45 on a scale of 0 to 14.

	 1.	 Simplify the equation so that the pH equation is expressed as a single rational expression.

	 2.	 Using your simplified equation, determine the acid level after 25 minutes. Round to the nearest hundredth.

	 3.	 Assume the pH in a human can be determined by the formula pH �
�

�
20 4
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.
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x
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 but the formula for the pH in a rat 

can be found by the formula pH �
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� �
�
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6
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a.	 Simplify the equation for rat pH so that the equation is expressed as a single rational expression.

b.	 Divide the pH formula for a rat by the pH formula for a human. Write the resulting expression as a product of two 
polynomials in the numerator and the denominator.

	 4.	 Does it take longer for the pH level of a rat or a human to level out and normalize? (Hint: Try graphing the equations 
using a graphing calculator or desmos.com/calculator.)

a.	 Explain how you arrived at your answer.

b.	 Hypothesize what this conclusion means for the pH level of a human and the pH level of a rat.

When an aspirin is taken, there is a concentration of the medication that can be found in the blood. The blood 

concentration of aspirin brand A is represented by f x
x

x x
� � �

� �

2
3 4 52  where x is in hours. The concentration of aspirin 

brand B is represented by g x
x

x x
� � �

� �2 4 102  where x is in hours.

	 5.	 Add the two functions together to find the new function that represents both aspirins in the bloodstream 
simultaneously. What is the new function? Make sure to distribute and simplify your answer as much as possible.

	 6.	 Which of the following three values is greatest? Explain your answer and show your work for each calculation. Round 
each value to the nearest hundredth.

a.	 The concentration of aspirin brand A in the blood after 3 hours

b.	 The concentration of aspirin brand B in the blood after 3 hours

c.	 The concentration of both aspirin in the blood after 6 hours

687 Chapter 8 Project  You Are What You Eat





Chapter 9 Project

Rationally Increasing Precision 
in Population Problems
An activity to demonstrate the use of rational exponents in real life.

Sometimes we need to find the value of an exponential expression where the exponent is not an integer. This often 
happens when dealing with exponential growth. In the essay “Observations Concerning the Increase of Mankind, 
Peopling of Countries, etc.,” written in 1751, Benjamin Franklin projected that the human population in the thirteen US 
colonies was doubling in size every twenty-five years. For example, if one year the population was 300,000 people, then 

to estimate the number of people 75 years later, calculate 300,000 ⋅ 23 = 2,400,000. Note that this works because 75
25

3= ,  

meaning the population would double 3 times in 75 years. Also notice that since 2 ⋅ 2 ⋅ 2 = 23 = 8, we multiply 300,000 by 
8 to get the final population.

If the timespan we want to estimate the future population for is not a multiple of 25, we can still calculate this value 
using rational exponents (with as much precision as we like). This investigation will suggest which types of numbers can 
be exponents, a topic which will be expanded upon in Chapter 11.

In the following investigation, do not round the exponents. Round the answers to have 10 digits, if necessary.

	 1.	 Calculate 2 to each of the following powers.

a.	 3

b.	 3.1

c.	 3.14

d.	 3.141

e.	 3.1415

f.	 3.14159

g.	 3.141592

h.	 3.1415926

i.	 3.14159265

	 2.	 The sequence of exponents in Problem 1 is 
approaching which special number? (Hint: See 
Section 3.2.)

	 3.	 In Problem 1, are the calculated powers of 2 
increasing, decreasing, or is there no discernible 
pattern? If increasing (or decreasing), are they 
increasing (or decreasing) toward a particular value?

	 4.	 Consider raising the value 2 to the power of the 
special number found in Problem 2.

a.	 If it is possible, state the result and compare it to 
the results of Problem 1. If this is not possible, 
explain why.

b.	 How does this relate to your answer in 
Problem 3? If there is no relation, explain why.

	 5.	 Returning to Franklin’s population prediction, 
consider if someone wanted to know the population 
77.5 years later, instead of 75 years later.

a.	 Determine the decimal form of the exponent 

x = 77 5

25

.
.

b.	 Substitute the value of x found in part a. into the 
population equation and simplify: 300,000 ⋅ 2x.

c.	 Explain what x stands for. Interpret the answer to 
part b. In this case, does it make sense to round 
or not? If rounding does make sense, what place 
would you round to and what is the result?

d.	 If the population starts at 300,000, how many 
years have passed if 300,000 ⋅ 23.14 provides an 
estimate of the population size?
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Chapter 10 Project

Determining Product Pricing 
to Maximize Revenue
An activity to demonstrate the use of quadratic equations in real life.

A company determines that if p is the price charged for an electric bicycle they manufacture, then the number of bikes 
that will sell n is a function of p: n p p� � � �3750 3 .  This is because for each $1 increase in the price, three fewer bikes 
are sold. The revenue R earned is also a function of p because it is the number of bikes sold times the price per bike: 
R p p p p p� � � �� � � � �3750 3 3 3750 .2  Using methods learned in this chapter, we will investigate just how much revenue 
the bike manufacturer can earn. Is it boundless or is there a maximum?

For simplicity, in order to compare variable names used within the chapter, let’s replace p with x and R with y, so 
y x x� �� �3750 3 .  Notice that the graph of this equation is a parabola.

	 1.	 Solve the equation x x3750 3 0�� � �  for x. Notice that 
by setting y = 0, you are solving for the x-coordinates 
of the two x-intercepts. State the coordinates of the 
two x-intercepts.

	 2.	 Use the equation y x x� �� �3750 3  for the following.

a.	 Choose an x-value smaller than the smallest 
x-value of the x-intercepts found in Problem 1 and 
calculate y.

b.	 Choose an x-value larger than the largest x-value of 
the x-intercepts found in Problem 1 and calculate y.

c.	 What do you notice about y-values found in parts 
a. and b? Recall that y is revenue and x is price. 
Can you conclude an initial interval for price that 
the company should stay within?

	 3.	 Calculate the mean of the two x-values found in 
Problem 1.

	 4.	 Pick two new values of x between the smallest x-value 
from Problem 1 and the answer to Problem 3. Next, 
pick two values of x strictly between the answer to 
Problem 3 and the largest x-value from Problem 1.

	 5.	 Arrange these four values from least to greatest and 
include your answer from Problem 3, for a total of five 
unique values.

	 6.	 a.	� Evaluate y x x� �� �3750 3  for these five values 
of x from Problem 5. This will give you five 
points on the parabola.

		  b.	� For the smallest of the x-values from part a, 
explain in words what the (x, y) coordinates 
represent. Include the values.

	 7.	 Carefully choose a horizontal and vertical scale and 
plot the five points found in Problem 6 part a. Also 
plot the x-intercepts found in Problem 1.  Use these 
points to sketch the parabola. 

	 8.	 Based on your values and the graph, state the (x, y)
coordinates of the vertex (or your best approximation).

	 9.	 Is the y-coordinate of the vertex a minimum or 
maximum value of y? Why do you think this is, based 
both on the context and on the function?

	 10.	 Algebraically change the equation 
y x x x x� �� � � � �3750 3 3 3750

2  to the form 
y a x h k� �� � �

2

.  (Hint: You will need to complete 
the square. See Section 10.6.)  

	 11.	 Does the equation found in Problem 10 support your 
approximation of the vertex found in Problem 8? 

	 12.	 Now return to the question about revenue from selling 
electric bicycles.

a.	 What is the lower bound on how much revenue 
the company can earn? 

b.	 What is the upper bound on how much revenue 
the company can earn? What price is charged for 
that to be the revenue earned? 

c.	 How many bikes need to be sold to reach the 
maximum revenue found in part b? (Hint: 
Recall the number of bikes sold is given by 
n p p� � � �3750 3  where p is the price per bike.) 
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Chapter 12 Project

Conic Sections in Medicine
An activity to demonstrate the use of ellipses in real life.

 
The following image shows a rough sketch of the cross-section of a human brain with a grid overlaid. The shape is 
roughly elliptical, with the major axis being vertical.
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	 1.	 a.     �Sketch a line segment on the vertical grid lines 
so that the segment going through the cross-
section is as long as it can be and the portions 
to the left and right of the line segment are 
roughly symmetric.

	 b.	 Sketch a horizontal line segment on the horizontal 
grid lines so that the segment going through 
the cross-section is as long as it can be and the 
portions above and below the line segment are 
roughly symmetric.

	 2.	 Let the intersection of the two segments be the center 
of the ellipse. State the coordinates of the following as   
(x, y) ordered pairs.

a.	 The center

b.	 The vertices on the major axis

c.	 The vertices on the minor axis

	 3.	 State the lengths of the major and minor axes. 

	 4.	 Write the equation of the ellipse.

	 5.	 Sketch the ellipse over the grid with the brain cross-
section. (As a check, the point (8, 9) should be very 
close to the ellipse, but not on the ellipse.) 

	 6.	 Given x = 8, use your equation of the ellipse to solve 
for the larger of the two values of y. Write this point in   
(x, y) form with the y-value as a simplified square root 
and rounded to the nearest tenth.

	 7.	 Suppose there is a tumor indicated in the scan and the 
closest part of the tumor to the point determined in 
Problem 6 is at (6, 8).
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a.	 Calculate the distance from the point found 
in Problem 6 to the point (6, 8) and round the 
answer to the nearest tenth.

b.	 Suppose after chemotherapy that the closest part 
of the tumor to the point determined in Problem 6 
is (5, 7.5). Calculate the distance from this point 
to the point found in Problem 6.

c.	 Compare the distances from parts a. and b., and 
provide a probable reason for the differing values.
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Chapter 13 Project

Ready Player One
An activity to demonstrate sequences and series in real life.

Electricity is the very power that runs through our lives. Without electricity, we would not have our modern way of life, 
and thus the study, development, and use of electricity serves as a fundamental growth point for the human race. 
Among all of the innovations we use on a daily basis that rely on electricity, the development of video games and video 
game consoles has been one of the most rapidly growing areas.

The development and construction of video games and consoles involve electricity, power, and motors as well as 
mathematics and sequences.

	 1.	 A fan runs inside an older video game console to 
prevent the system from overheating. This fan runs at 
11 revolutions per second while powered on. After the 
console is turned off, the speed of the fan decreases by 
80% per second. The number of revolutions the fan 
makes after the console is turned off can be modeled 
using a geometric series.

a.	 Write, but do not evaluate, the expression for this 
scenario in sigma notation.

b.	 Write, but do not solve, the equation for this 
scenario by using the sum formula of an 
infinite series.

c.	 How many revolutions will the fan make after the 
console is turned off?

	 2.	 Older video game consoles required a physical copy 
(or cartridge) of the game to run. In original video 
game cartridges, there is a battery that is used to store 
saved information so that the next time you play the 
game, your saved data remains and you can play from 
where you left off. On some cartridges, this battery is 
rechargeable. Assume that the battery recharges 99.8% 
of its previous capacity every time it charges, and it 
initially lasted for 600 hours. The total time the battery 
will last can be modeled using a geometric series. 

a.	 Write, but do not evaluate, the expression for this 
scenario in sigma notation.

b.	 Write, but do not solve, the equation for this 
scenario by using the sum formula of an 
infinite series.

c.	 How many total hours will this battery last?

	 3.	 Oh, those annoying boss battles! In video games, there 
are sometimes points in the game where the difficulty 
can spike and increase dramatically to check if you 
have mastered the skills necessary to move on to the 
next level. Assume that a boss has 50 health points 
and will regain 10% of those health points every 
5 seconds.

a.	 Imagine you inflict damage on the boss every 5 
seconds. When you cause damage, you take away 
5 of the boss’s health points. What is the model 
for the first three iterations of this process?

b.	 Will you ever be able to beat the boss? 
Hypothesize why or why not and explain 
your answer.

	 4.	 Some video games focus on more relaxing styles of 
play, such as the simulation of real-life activities. 
Assume you are playing a relaxing farming 
game, where you are harvesting various types 
of vegetables. There are two possibilities for the 
quality of vegetable you harvest: you either receive 
a normal type of the vegetable or a golden type of 
the vegetable that is worth twice as much when 
sold. Using the formula based upon the binomial 

theorem, n
k n k

p pk n k!

! !�� �
�� � �� �

1 , let p represent 

the probability of receiving a golden vegetable, n 
represent the total number of vegetables harvested, 
and k represent the number of golden vegetables you 
want to harvest.
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