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Chapter 3   Introduction to Equations

Equations, Solutions, to Solve and Equation
1. An equation is two equal expressions (either numerical and/or variable expressions).  Equations can be true, false, or conditional.


e.g.


[image: image115..pict]

False equation
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True Equation





[image: image3.wmf]
Conditional Equation

True only if 
[image: image4.wmf]
2.
A solution to an equation with one variable is a number that, when substituted for the variable, makes the equation true.

a.
Determine if 3 is a solution to the equation 

[image: image5.wmf]
b.
Determine if 4 is a solution to the equation 

[image: image6.wmf]
3.
To solve an equation means to find a solution to the equation.  The goal in solving an equation is to isolate the variable on one side of the equation and a constant on the other side.  i.e.  Variable = Constant [Number]

e.g.
Equation


Solution
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Properties of Equations

Let a, b, and c be real numbers or expressions.  Then the following properties apply to all equations.

Addition Property of Equations

The same number or expression can be added to both sides of an equation without changing the solution to the equation.  That is,

If 
[image: image11.wmf] then 
[image: image12.wmf].

Subtraction Property of Equations

The same number or expression can be subtracted from both sides of an equation without changing the solution to the equation. That is,

If 
[image: image13.wmf] then 
[image: image14.wmf].

Multiplication Property of Equations

Both sides of an equation can be multiplied by the same nonzero number (or expression) without changing the solution to the equation. That is,

If 
[image: image15.wmf] then 
[image: image16.wmf].

Division Property of Equations

Both sides of an equation can be divided by the same nonzero number (or expression) without changing the solution to the equation.  That is,

If 
[image: image17.wmf] then 
[image: image18.wmf].

Example 1
Subtract to undo addition
a.  
Solve   x + 7 = 18


b.  
Solve   x + 5 = 12

Example 2
Add to undo subtraction
a.  
Solve   
[image: image19.wmf]


b.  
Solve   
[image: image20.wmf]
Example 3
The variable can be isolated on either side of the equation
a.
Solve
  
[image: image21.wmf]

b.
Solve   
[image: image22.wmf]
Example 4
Grrrr. . . Show me the fractions
a.
Solve   
[image: image23.wmf]

b.
Solve   
[image: image24.wmf]
Example 5
Divide to undo multiplication
a.
Solve

[image: image25.wmf]


b.
Solve

[image: image26.wmf]
Example 6
Multiply to undo division
a.
Solve

[image: image27.wmf]


b.
Solve

[image: image28.wmf]
Example 7
“Divide” means multiply by the reciprocal.
7a.
Solve

[image: image29.wmf]

b.
Solve

[image: image30.wmf]
Example 8
Whenever possible combine like terms
a.
Solve

[image: image31.wmf]

b.
Solve

[image: image32.wmf]
3.1.4
Uniform Motion

[image: image1.wmf]Uniform motion is motion at a constant speed. The uniform motion equation is given by:

Example 1

A jogger runs 3 miles in 45 minutes. What is the rate of the jogger in miles per hour?

Example 2

Two cars start from the same point and move in opposite directions.  One car is moving west at 45 mph, and the other car is moving east at 60 mph. In how many hours will it take the cars to be 210 miles apart?

Problem 2

Two cyclists start at the same time at opposite ends of an 80 mile course. One cyclist is traveling at 18 mph and the other at 14 mph. How long after they begin will they meet?

Example 3

An airline passenger walking between two terminals decides to bet on a moving sidewalk that is 150 feet long. If he walks at 7 ft/s and the sidewalk moves at 9 ft/s, how long will it take him to walk from one end of the sidewalk to the other?

Problem 3

A plane that can normally travel at 250 mph in calm air is flying into a headwind of 25 mph. How far can the plane fly in 3 hours?

3.1.5
The Basic Percent Equation

The Percent of a Base is an Amount


[image: image33.wmf]

[image: image34.wmf]
Example 1
Write an equation for each of the following and then solve the equation.

a.
20% of what number is 35?

b.
30% of what number is 21?

Example 2
Write an equation for each of the following and then solve the equation.

a.
Find 30% of 200.
In other words . . . 30% of 200 is what?

b.
Find 45% of 80?

Example 3
Write an equation for each of the following and then solve the equation.

a.
12 is what percent of 50?

b.
15 is what percent of 90?

Example 4
Write an equation for each of the following and then solve the equation.

a.
What is 
[image: image35.wmf]% of 45?

b.
What is 
[image: image36.wmf]% of 32?

Example 5
Write an equation for each of the following and then solve the equation.

a.
1 is 0.25% of what?

b.
5 is 0.4% of what?

Example 11

Last year 1.2 million dogs were registered with the American Kennel Club. The most popular breed was the Labrador retriever, with 172,841 registered. What percent of the registrations were Labrador retrievers? Round to the nearest tenth of a percent.

Problem 11

A student correctly answered 72 of 80 questions on an exam. What percent of the questions were answered correctly.

Example 12

The CDC reports 30.8% of the adult population in Kentucky smoke. If Kentucky has an adult population of 3 million, how many adults in Kentucky smoke.

Problem 12

The price of a digital camcorder is $895. A 7.75% sales tax is added to the price. How much is the sales tax? 

Simple Interest Equation
[image: image103.wmf]The simple interest equation is 
[image: image37.wmf], where I is the interest earned, P is the principal invested, r is the annual simple interest rate, and t is the time (in years).

Example 13

In April, Marshall Wardell was charged $8.72 in interest on an unpaid credit card balance of $545. Find the annual simple interest rate charged on this credit card.

Problem 13

Clarissa purchased a $1000 municipal bond that earns an annual simple interest rate of 6.4%. How much must she deposit into a bank account that earns 8% annual simple interest so that the interest earned from each investment after one year is the same?

Percent Mixture Equation

[image: image38.wmf], 

The percent mixture equation is 
[image: image39.wmf], where Q is the quantity of a substance in a mixture, A is the total amount of the mixture, and r is the percent concentration of the substance in the mixture. 

For Example, 200 ml of a 7% peroxide solution contains 0.07(200) = 14 ml of peroxide.

Example 14

To make a certain color blue, 4 oz of cyan must be contained in 1 gallon of paint. What is the percent concentration of cyan in the paint?

Problem 14

The concentration of sugar in Choco-pops cereal is 25%. If a bowl of this cereal contains 2 oz of sugar, how many oz of cereal are in the bowl? 

3.2.1
Solve Equations in the form: 
[image: image40.wmf]
Examples of equations in the form 
[image: image41.wmf], where a, b, and c are constants and x is the variable follow:

	Equation
	a
	b
	c
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To solve an equation in the form 
[image: image45.wmf], two operations must be “undone” - an addition (or subtraction) and a multiplication (or division).  The goal in solving an equation is to isolate the variable: Variable = Constant.

Steps to solve equations in the form 
[image: image46.wmf]
1.
Undo additions and subtractions - add or subtract the same constant from both sides of the equation so the resulting equivalent equation is in the form 
[image: image47.wmf].  

i.e. Variable Term = Constant
2.
Undo multiplications and divisions.

Solve and check each of the following.

1a.
Solve

[image: image48.wmf]

b.
Solve

[image: image49.wmf]
2a.
Solve

[image: image50.wmf]

b.
Solve

[image: image51.wmf]
3a.
Solve

[image: image52.wmf]

b.
Solve

[image: image53.wmf]
4a.
Solve
 
[image: image54.wmf]

b.
Solve

[image: image55.wmf]
5a.
Solve

[image: image56.wmf]

b.
Solve

[image: image57.wmf]
3.2.2
Solve Equations of the form 
[image: image58.wmf]
Steps to Solve Equations in the form 
[image: image59.wmf], where x is the variable and a, b, c, and d are constants.

1.
Add (or subtract) the same variable term on both sides of the equation so that there is only one variable term in the equation.

2.
Undo additions and subtractions.  Add or subtract the same constant from both sides of the equation so the resulting equivalent equation is in the form 
[image: image60.wmf].  

i.e. Variable Term = Constant
3.
Now that the equation is in the form 
[image: image61.wmf], divide both sides of the equation by a, or multiply both sides by the reciprocal of a (i.e. 1/a).

Example 1
Identify the constants a, b, c and d.  Then solve (isolate the variable).

a.

[image: image62.wmf]


b.

[image: image63.wmf]
Example 2
Solve and check each equation.

a.

[image: image64.wmf]


b.

[image: image65.wmf]
Example 3
Solve and check each equation.

a.

[image: image66.wmf]



b.

[image: image67.wmf] 

Example 4
If 
[image: image68.wmf] evaluate 
[image: image69.wmf].

3.2.3
Solve Equations Containing Parentheses

Steps to Solve Equations containing Parentheses

1. Use the distributive property to remove any parentheses.  Start from the inner most set and work outward.  Then combine like terms.

2. Add (or subtract) the same variable term to both sides of the equation so that there is only one variable term in the resulting equation.

3.
Undo additions and subtractions so that the variable term is isolated.

4.
Undo multiplications and divisions so that the variable is isolated.

Example 1
Solve and check each equation.

a.

[image: image70.wmf]
b.

[image: image71.wmf]
c.

[image: image72.wmf]
d.

[image: image73.wmf]
e.

[image: image74.wmf]
f.

[image: image75.wmf]
3.2.4

Application Problems

Example 1
The distance s, in feet, that an object will fall in t seconds is given by the equation 
[image: image76.wmf], where v is the initial velocity of the object in feet/second.

a.
Find the initial velocity of an object that falls 80 feet in 2 seconds.

b.
Find the initial velocity of an object that falls 72 feet in 4 seconds. 

Example 2
A telephone company estimates that the number of phone calls made per day, N, between two cities with populations 
[image: image77.wmf] and 
[image: image78.wmf] that are d miles apart is given by the equation 
[image: image79.wmf].

a. Estimate 
[image: image80.wmf] (to the nearest thousand), given that 
[image: image81.wmf] is 50,000, the number of phone calls is 1,000,000, and the distance between the cities is 60 miles.

b. Estimate 
[image: image82.wmf] (to the nearest thousand), given that 
[image: image83.wmf] is 150,000, the number of phone calls is 2,000,000, and the distance between the cities is 50 miles.

Lever System Problems

[image: image104.wmf]
The lever system is balanced when
:
[image: image105.wmf]
1.
An adult and a child are sitting on opposite ends of a see
saw that is 12 ft long.  The adult weighs 160 lb. and the child weighs 80 lb.  How far from the adult must the fulcrum be placed so that the see-saw balances?

2.
Two children are sitting on a see
saw that is 8 ft long.  One child weighs 50 lb. and the second child weighs 60 lb.  How far from the 60 lb. child must the fulcrum be placed so that the see-saw is balanced?  Round to the nearest tenth of a foot.

3.3
Solving Inequalities (
[image: image84.wmf])

Inequalities and Their Solution Sets

1.
An inequality is two expressions separated by one of the inequality symbols (
[image: image85.wmf]).

2.
The solution set of an inequality is the set of all numbers that, when substituted for the variable, make the inequality true.

Note

a. Linear equations have one solution.

e.g.
For  
[image: image86.wmf]  the one solution is 
[image: image87.wmf].

b.
Linear inequalities have an infinitely many solutions.

Graph
a.

[image: image88.wmf]



b.

[image: image89.wmf]
[image: image106.wmf]


c.

[image: image90.wmf]



d.

[image: image91.wmf]
[image: image107.wmf]
[image: image108.wmf]
To Solve and Inequality

To solve an inequality means to isolate the variable on one side of the inequality and a single number on the other side.

i.e.

variable > constant
or
constant < variable




x > 2




2 < x



variable < constant
or
constant > variable




x < 4




4 > x

Addition 
and Subtraction
 Properties of Inequalities

The same expression or number can be added to (or subtracted from) both sides of an inequality without changing the solution set of the inequality.

Examples
Solve each inequality and graph the solution set.

a.

[image: image92.wmf]
b.

[image: image93.wmf]
[image: image109.wmf]
c.

[image: image94.wmf]
[image: image110.wmf][image: image111.png]d




Multiplication (and Division) Properties of Inequalities

Rule 1
Each side of an inequality can be multiplied (or divided) by the same positive number without changing the solution set of the inequality.

Rule 2
If each side of an inequality is multiplied (or divided) by the same negative number and the direction of the inequality is reversed, then the solution set to the inequality is not changed.

[image: image112..pict]e.g.
Illustrate the above properties by considering the true inequality



[image: image113..pict]Illustrate Rule 2 by multiplying each side of the inequality by –2.

Illustrate Rule 2 by dividing each side of the inequality by –5.

Illustrate Rule 1 by multiplying each side of the inequality by 3.  

[image: image114..pict]
Illustrate Rule 1 by dividing each side of the inequality by 5.

Example 2

a.
Solve

[image: image95.wmf]


b.
Solve

[image: image96.wmf]
Steps to Solve Inequalities

1.
Use the distributive property to remove any parentheses.  Then combine like terms.

2.
Add (or subtract) the same variable term from both sides of the inequality so that there is only one variable term in the inequality.

3.
Undo additions and subtractions.  Add or subtract the same constant from both sides of the inequality so that the resulting equivalent inequality has one variable term and one constant term on opposite sides of the inequality.

4.
Undo multiplications and divisions.  Remember to reverse the direction of the inequality whenever you multiply (or divide) both sides of the inequality by a negative number.

Example 3
a.    Solve
  
[image: image97.wmf]

b.    Solve  
[image: image98.wmf]
Example 4
a.    Solve


[image: image99.wmf]



b.    Solve

[image: image100.wmf]
c.    Solve


[image: image101.wmf]
e.   Use the roster method to list the set of positive integer solutions that satisfy the following inequality.  
[image: image102.wmf]
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