
4. Applications of Linear Equations

4.1 Basics of Word Problems
When dealing with word problems and application problems, there are a few guidelines that can
help us solve these problems.

Definition 4.1.1 — Algorithm for Solving Word Problems:.

1. Read the Problem. These seems like an obvious first step, but it is often the most looked-
over step. When reading the problem, most people are immediately thinking about how to
solve this problem, but that’s not what we should do. Start by just reading the problem,
without thinking about what to do next.

2. Identify the Variable. Determine what it is the problem asks you to find. Then introduce
notation for any unknown values, such as x or some other letter.

3. Organize the Information: Determine what it is that you know, and express these values
in terms of the variables you defined. It may be helpful to draw a diagram or make a table
to model the situation.

4. Write the Equation: Use information given in the problem to write the equation. This
could come from the problem or formulas that we know.

5. Solve the Equation: Solve the equation that you found previously. Then check the answer
and make sure it makes sense in terms of the problem. Then express your answer in terms
of the problem.

We start with a few basic word problems to model these steps.

� Example 4.1 A particular moving truck costs $20 per day and $0.10 per mile to rent. Ben rents
a truck for 2 days, and the total bill is $54. How many miles did he drive the truck?
Solution Now that we have read the problem, we see that we need to find the total number of
miles drive. We then define the variable

x = number of miles driven

The next step is to organize the information.
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In Words In Algebra
Number of miles driven x
Mileage cost (at $0.10 per mile) 0.1x
Daily cost (at $20 per day) 2(20)

We now set up the model.

mileage cost+daily cost = total cost

0.1x+2(20) = 54

We can now start solving for x.

0.1x+40 = 54

0.1x = 14

x =
14
0.1

x = 140

Thus, Ben drove a total of 140 miles in the moving truck.
�

� Example 4.2 A particular company charges $15 per month for 2GB of data, and $3.50 for each
additional GB of data. Perci’s bill at the end of the month is $25.50. How much data did she use?
Solution Now that we have read the problem, we see that we need to find the total amount of data
used. We can then define the variable.

x = total data used

We can now organize the information.

In Words In Algebra
Total data used x
Excess data used x−2
Excess data cost 3.5(x−2)
Base data cost 15

Next, we set up the model.

base cost+ excess data cost = total cost

15+3.5(x−2) = 25.5

We can then solve this equation

15+3.5x−7 = 25.5

8+3.5x = 25.5

3.5x = 17.5

x = 5

Thus, she used a total of 5GB of data.
�
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4.2 Simple Interest Problems
We will now consider basic interest problems. The amount of the loan or deposit is known as the
principal and is denoted by P. We denote the rate of interest by r, where r is given as a decimal.
If we let t be the number of years the money is deposited or loaned, then the total interest earned,
denoted by I, is given by

I = Prt

� Example 4.3 Suppose you have $4500 to invest for one year. You know you want to earn
$211.50 in interest. What rate do you need to invest the money at?
Solution We start by determining what it is we need to find. We are looking for the interest rate to
invest at. So we have

r = interest rate

We can organize the information

I P r t
211.5 4500 r 1

We can then set up and solve the equation.

I = Prt

211.5 = 4500(r)(1)

211.5 = 4500r

0.047 = r

Thus, you should invest at 4.7% interest.
�

� Example 4.4 You took out two separate student loans to pay for college. You have a total of
$10,000 in loans. You know one was at 4% interest and the other was at 5.5% interest. After one
year, you owe $460 in interest. How much was each loan for?
Solution We need to know the amount of each line. For this, we let

x = the amount loaned at 4%

Organizing the rest of the information gives

In Words in Algebra
Amount loaned at 4% x
Amount loaned at 5.5% 10,000− x
Interest earned at 4% 0.04x
Interest earned at 5.5% 0.055(10,000− x)

We can then set up the model and solve.

interest at 4%+ interest at 5.5% = total interest

0.04x+0.055(10,000− x) = 460

0.04x+550−0.055x = 460

−0.015x+550 = 460

−0.015x =−90

x = 6000

Thus, there was $6,000 loaned at 4% interest and the remaining $4,000 loaned at 5.5% interest.
�
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4.3 Area and Length Problems

It is common to need formulas from geometry to help solve algebra problems. These can include
formulas for perimeter, area, similar triangles, or the Pythagorean Theorem. We will now look at
some examples for these types of problems.

� Example 4.5 The frame for a picture has a perimeter of 70 inches. We know that the length of
the frame is five more than twice the width. What are the dimensions of the frame?
Solution We know that we are looking for both the length and the width. We then define the
variable

w = width

We know that the length is five more than twice the width. This gives

5+2w = length

It may help in situations like this to draw a picture.
We know the formula for perimeter. This then gives

P = 2(width)+2(length)

70 = 2w+2(5+2w)

70 = 2w+10+4w

70 = 6w+10

60 = 6w

10 = w

Thus, the width of the frame is 10 inches. We then have that the length of the frame is

5+2(10) = 25 inches.

�

� Example 4.6 The second angle of a triangle is double the first. The third angle is 40 less than
the first. Find the three angles.
Solution We know we need the three angles for a given triangle. Let’s call the first angle x. Since
the second angle is double the first, the second angle will be 2x. Since the third angle is 40 less
than the first, it is given by x−40. Thus, we have:

first angle = x, second angle = 2x, third angle = x−40

We know that the sum of the angles of a triangle is 180. Thus, we have

180 = x+2x+(x−40)

180 = 4x−40

220 = 4x

55 = x

Thus, the first angle is 55◦. We can then find that the second angle is 110◦ and the third angle is
15◦.

�



4.4 Mixture Problems 33

4.4 Mixture Problems
A common real-world problem involves mixing different substances together. As an example,
lemonade is made by combining lemon juice, sugar, and water. The main idea of mixtures and
concentrations is that if x amount of a substance is dissolved in a solution with volume V , then the
concentration of the substance is given by

C =
x
V

Thus, if we dissolve 100 grams of sugar in 4 cups of water, the sugar concentration would be
C = 4/0.5 = 8 c/g.

� Example 4.7 Amanda has two bags of nut mixes. The first bag contains 62% peanuts, and the
other contains 15% peanuts. To make a 13 lb bag of 45% peanuts, how much of each should
Amanda use?
Solution In mixture problems, it is helpful to make a table to help us organize the information.
We are looking for the amount of each mix we should use. If we consider the amount of the first
bag to be x, then the amount of the second bag must be 13− x. We can also see that the amount of
peanuts will be determined by multiplying the concentration by the volume.

Volume Concentration Amount
Bag 1 x 0.62 0.62x
Bag 2 13− x 0.15 0.15(13− x)

Mixture 13 0.45 13(0.45)

We also know that by adding the amount of peanuts from the first bag to the peanuts in the
second bag should give the amount of peanuts in the mixture.

13(0.45) = 0.62x+0.15(13− x)

5.85 = 0.62x+1.95−0.15x

5.85 = 0.47x+1.95

3.9 = 0.47x

8.3≈ x

Since we need approximately 8.3 lbs from the first bag. This means we need 4.7 lbs from the
second bag.

�

� Example 4.8 David’s trail mix was made combining 11 pounds of peanuts that cost $3 per
pound, 8 pounds of dried cranberries at $7 per pound, and 9 pounds of cashews at $5 per pound.
What was the cost per pound of the mixture?
Solution We start by making a table of known information.

Amount Cost Total Cost
Peanuts 11 3 33

Cranberries 8 7 56
Cashews 9 5 45
Mixture 28 x 28x

To find the total cost for the mixture, we should be able to add the costs of the ingredients.
Thus, we have

28x = 33+56+45

28x = 134

x≈ 4.79
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Thus, the mixture costs $4.79 per pound.
�

4.5 Time for a Job Problems
The next type of problem we will look at involves the time it takes several workers to complete a
job. Suppose it takes someone 5 hours to paint a house. The key to these problems involves the fact
that in one hour, the person will have painted 1/5 of the house. So if it takes someone t time units
to complete a job, then in one time unit, they will have completed 1/t of the job.

� Example 4.9 It takes Cody 3 hours to mow the yard. It takes Erin 2 hours to mow the same yard.
How long would it take if they worked together?
Solution As stated before, we are really concerned with how much they can complete in one hour.
We can organize this information in a table.

In Words in Algebra
Time it takes together x
Cody in one hour 1/3
Erin in one hour 1/2
Together in one hour 1/x

Thus, in one hour, we have

fraction done by Cody+ fraction done by Erin = fraction done by both
1
3
+

1
2
=

1
x

We can multiply through by the LCD, 6x, to make this easier to solve.

2x+3x = 6

5x = 6

x = 1.2

Hence, it will take them 1.2 hours, or one hour and 12 minutes to mow the yard.
�

� Example 4.10 Fred can paint a house in 10 hours. If Gary helps, it takes them 4 hours. Without
help, how long would it take Gary to finish the same job?
Solution As stated before, we are really concerned with how much they can complete in one hour.
We can organize this information in a table.

In Words * in Algebra
Time it takes Gary x
Fred in one hour 1/10
Together in one hour 1/4
Gary in one hour 1/x

Thus, in one hour, we have

fraction done by Fred+ fraction done by Gary = fraction done by both
1
10

+
1
x
=

1
4
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We can multiply through by the LCD, 20x, to make this easier to solve.

2x+20 = 5x

20 = 3x

6.67 = x

Hence, it will take Gary 6.67 hours, or 6 hours and 40 minutes to mow the yard.
�

4.6 Distance Problems
The last type of problems we will consider (for now) deal with distance, rate, and time. The formula
we need to consider for these is

distance = rate · time

Note that for these problems, we need the rate to be either the constant speed or the average speed
of the object.

� Example 4.11 Hannah left Austin with a speed of 65 mph headed north. Janet also left at the
same time headed south at a speed of 67 mpg. How many hours must they travel before they are
258 miles apart?
Solution We start by organizing the information.

Distance Rate Time
Hannah 65 t

Janet 67 t

Since we know that

distance = rate · time

we can fill in the missing pieces:

Distance Rate Time
Hannah 65t 65 t

Janet 67t 67 t

Since we know they are 258 miles apart, we have

258 = 65t +67t

258 = 132t

1.95 = t

Hence, they will be traveling 1.95 hours.
�

� Example 4.12 A cargo plane flew from the US across the Atlantic at 205 mph, and flew back to
the US at 225 mph. Given that the first trip took two hours longer, how long was the return trip?
Solution Once again, we start by organizing the information.

Distance Rate Time
Trip 1 205(t +2) 205 t +2
Trip 2 225t 225 t
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Since the distance was the same each way, we have

205(t +2) = 225t

205t +410 = 225t

410 = 20t

20.5 = t

Thus, the return trip took 20.5 hours, while the original trip took 22.5 hours.
�


