Lesson 3.2: Two-Step Equations.
Learning objectives for this lesson – By the end of this lesson, you will be able to:

· Solve an equation using addition.
· Solve an equation using subtraction.
· Solve an equation using multiplication.
· Solve an equation using division.
California State Standards Addressed: Algebra I (1.0, 4.0, 5.0)

3.2.1 Solve a two-step equation.

We have seen that in order to solve for an unknown variable we can isolate it on one side of the equal sign and evaluate the numbers on the other side. In this chapter we will expand our ability to do that, with problems that require us to combine more than one of the techniques in order to solve for our unknown. 
Example 1
Nadia has three bags containing the same number of marbles, plus 2 marbles left over. She places them on one side of a balance. Peter, who has more marbles than Nadia, added marbles to the other side of the balance. He found that with 29 marbles, the scales balanced. How many marbles are in each bag?
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Solution:

We know that the system balances, so the weights on each side must be equal. We can write an algebraic expression based on this equality. The unknown quantity, the number of marbles in each bag, will be our x. We can see that on the left hand scale we have 3 bags (each containing x marbles) and 2 extra marbles. On the right scale we have 29 marbles. The balancing of the scales is analogous to the balancing of the following equation:




  3x + 2 = 29

“Three bags plus 2 marbles equals 293 marbles” 

To solve for x we need to get all the constants (numbers) on one side and all the variables (terms with x in) on the other side. Look at the balance – there are no bags on the right. Similarly, there are no x terms on the right of our equation. We will aim to get all the constants on the right, leaving only the x on the left.


3x + 2 = 29

- subtract 2 from both sides:
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     –2  = –2


      3x = 27

- divide both sides by 3:
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         x = 9

Solution: There are 9 marbles in each bag
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We can do the same with the real objects as we have done with the equation: our first action was to subtract 2 from both sides of the equals sign. On the balance, we could remove this number of marbles from each scale. Because we remove the same number of marbles from each side, we know the scales will still balance:
Next, we look at the left hand scale – there are 3 bags of marbles. To make our job easier, we divide the marbles on the right scale into 3 equal piles. You can see that there are 9 marbles in each. 

3 bags of marbles balances 3 piles of 9 marbles

So each bag of marble balances 9 marbles. Again you see we reach our solution: 


Solution: Each bag contains 9 marbles.

Example 2

Solve 
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Solution: This equation has the x buried in parentheses. In order to extract it we can proceed in one of 2 ways: we can either distribute the 6 on the left, or divide both sides by 6 to remove it from the left. Since the right hand side of the equation is a multiple of 6, it makes sense to divide:
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- divide both sides by 6:
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- subtract 4 from both sides:



      –4   –4   

Solution: 
      x = –2       

Example 3

Solve
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This equation has a fraction in it. It is always a good idea to get rid of fractions first:
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- multiply both sides by 5:
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- add 3 to both sides

Solution:

x = 38
Example 4

Solve 
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First we will cancel the fraction on the left by multiplying by the reciprocal:
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- subtract 1
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 from both sides:
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Solution: 
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These examples are called two-step equations, as we need to perform two separate manipulations to the equation to isolate the variable. 

03.2.2: Solve a two-step equation by combining like terms.

When we look at linear equations we predominantly see 2 terms: those that contain the unknown variable as a factor, and those that don’t. When we look at an equation that has x on both sides, we know that in order to solve, we need to get all the x-terms on one side so we can sum them. This is called combining like terms. They are like terms because they contain the same variable (or, as you will see in later chapters, the same combination of variables):

Like terms: 17x, 12x, –1.2x, 
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Like terms: 3y, 19y, 
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Like terms: xy, 6xy, 0.0001xy
To solve an equation with 2 or more like terms we need to combine them before we can solve for the variable:

Example 5

Solve 
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 There are 2 like terms the x and the –2x (do not forget that the minus sign multiplies everything in the parentheses).  

Collecting like terms means we write all the terms with matching variables together. We will then add, or subtract them individually. We pull out the x from the first bracket and the negative 2x from the second. We then rewrite the equation collecting the like terms:
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- combine like terms and constants: 
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- subtract 8 from both sides:


      –8  = –8 
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- which means that…

Solution: x = 2




Example 6

Solve 
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Solution: This problem involves fractions. Combining the variable terms will require dealing with fractions. We need to writer all the terms on the left over a common denominator of 6:
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- next we combine the fractions: 
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- multiply both sides by 6:
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3.2.3. Solve real-world problems using two-step equations.
When we are faced with real world problems the thing that gives people the most difficulty is going from a problem in words to an equation. Look to see what the equation is asking – what is the unknown you have to solve for? That will determine the quantity we will use for our variable. The text explains what is happening. Break it down into small, manageable chunks, and follow what is going on with our variable all the way through:
Example 7
An emergency plumber charges $65 as a call-out fee plus an additional $75 per hour. He arrives at a house at 9.30 and works to repair to a water tank. If the total repair bill is $196.25, at what time was the repair completed?

In order to solve this problem, we collect the information from the text and convert it to an equation:
Unknown: time taken – this will be our x
The bill is made up of two parts: a call out fee, plus a per-hour fee. The call out is a flat fee, and independent of x. The per-hour part depends on x. Lets look at how this works algebraically: 

… $65 as a call-out fee


 65

… plus an additional $75 per hour

 +75x 
So the bill, made up from the (call out fee = 65) plus (per hour charge × time taken = 75x) is:


Total Bill = 65 + 75x
Lastly we look at the final piece of information: the total on the bill was $196.25, So our equation is:

196.25 = 65 + 75x
We solve for x:

196.25 = 65 + 75x
- to isolate x first subtract 65 from both sides:


 -65      = –65


131.25 = 75x

- divide both sides by 75:
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The time taken was one and three quarter hours.

Solution: The repair job was completed at 11:15 AM

Example 8
When Nadia was young her daddy marked her height on the doorframe every month. Nadia’s daddy noticed that between the ages of 1 and 3, he could predict her height (in inches) by taking her age in months, adding 75 and multiplying the result by one third. 

(i) Write an equation linking her height, h, with her age in months, m.

(ii) Determine her height on her 2nd birthday.

(iii) Determine at what age she reached 3 feet (36 inches) tall.

(i) To convert the text to an equation, first determine the type of equation we have. We are going to have an equation that links two variables. Our unknown will change, depending on what information we are given: for example we could solve for height given age, or solve for age given height. However, the text gives us a way to determine height. Our equation will start with “h =”.

Next we look at the text:

take her age in months, and add 75:

(m + 75)
multiply the result by one third:
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Solution: Our full equation is 
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(ii) To determine Nadia’s height on her second birthday we substitute m = 24 (2 years = 24 months) into our equation a and solve for h:
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- combine terms in parentheses.
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- multiply:


h = 33 

Solution: Nadia’s height on her second birthday was 33 inches.
(iii) To determine the age she reached 3 feet, substitute h = 36 into the equation and solve for m:
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- multiply both sides by 3:


108 = m + 75

- subtract 75 fom both sides:


33 = m



Solution: Nadia’s was 33 months old when her height was 3 feet.
Example 9
To convert temperatures in Fahrenheit to temperatures in Celsius follow the following steps: Take the temperature in Fahrenheit and subtract 32. Then divide the result by 1.8 and this gives temperature in degrees Celsius.  

(i) Write an equation that shows the conversion process.

(ii) Convert 50 degrees Fahrenheit to degrees Celsius.

(iii) Convert 25 degrees Celsius to degrees Fahrenheit.

(i)
The text gives the process to covert Fahrenheit to Celsius. We can write an equation using 2 variables - we will use f for temperature in Fahrenheit, and c for temperature in Celsius. follow the text to see it work:
Take the temperature in Fahrenheit and subtract 32

(f – 32)

Then divide the result by 1.8
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This gives temperature in degrees Celsius
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In order to convert from one temperature scale to another, simply substitute in for the known temperature and solve for the unknown.

(ii) To covert 50 degrees Fahrenheit to degrees Celsius substitute f = 50 into the equation:
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- evaluate numerator:
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- perform division operation:

Solution: c = 10, so 50 degrees Fahrenheit is equal to 10 degrees Celsius.
(iii) To covert 25 degrees Celsius to degrees Fahrenheit substitute c = 25 into the equation:
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- multiply both sides by 1.8:
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- add 32 to both sides:

Solution: 25 degrees Celsius is equal to 77 degrees Fahrenheit.
Homework Problems
1. Solve the following equations for the unknown variable
a. 
1.3x – 0.7x = 12
b.  6x – 1.3 = 3.2

c.  5x – (3x + 2) = 1
d. 4(x + 3)= 1


e.
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f.  
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g.   
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h.  0.1y +11 = 0
i.
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k.  33t – 99 = 0

l.  5p – 2 = 32
2. Anne is stranded downtown with only $10 to get home. Taxis cost $0.75 per mile, but there is an additional $2.35 hire charge. Write a formula and use it to calculate how many miles she can travel with her money. Determine how many miles she can ride.
3. Andrew is planning a surprise party for Nadia. He will hire a small function room at a hotel, and caterers will provide food for the guests. The room costs $250 dollars for the afternoon, and food will cost $7.00 per person. Andrew has a budget of $600. Write an equation to help him determine how many guests he can invite.
4. Solve the general from of a linear equation (ax + b = c) for x.

5. Winemakers measure the specific gravity of a mixture before fermentation to determine the percentage of alcohol the final wine will contain. The equation linking specific gravity (g) and final percentage content of alcohol (a) is:





[image: image43.wmf]a

g

00775

.

0

1

+

=


 

Find the percentage alcohol content that a mixture with a specific gravity of 1.110 would produce.
Answers:

1. a. x = 20;   b. x = 0.75;   c. x =1.5;   d. x = –2.75;   e. q = (23/15);   f. x = –(55/18);   g. s = (4/3);

h. y = –110;   i. q = (13/5);   j. q = (43/5);   k. t = 3;   l. p = (34/5)

2. 0.75x + 2.35 = 10;   x = 10.2 miles

3. 6x + 250 = 600; x = 50 guests
4. x = (c – b)/a
5. 14.2%
like terms





like terms
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