Lesson 3.3 Multi-Step Equations

Learning objectives for this lesson – By the end of this lesson, you will be able to:

· Solve a multi-step equation by combining like terms events.
· Solve a multi-step equation using the distributive property.
· Solve real-world problems using multi-step equations.

California State Standards Addressed: Algebra I (4.0, 5.0)

3.3.1 Solving multi-step equations by combining like terms.

We have seen that when we solve for an unknown variable, it can be a simple matter of moving terms around in one or two steps. We now look at equations that take several steps to isolate the unknown variable. Such equations are referred to as multi-step equations.

In this section we will simply be combining the steps we already know how to do. Our goal is to end up with all the constants on one side of the equation and all the variables on the other side. We will do this by collecting “like terms”. Don’t forget, like terms have the same combination of variables in them, but with differing numerical coefficients.
Example 1


Solve 
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This problem involves a fraction – before we can combine the variable terms we need to deal with it. Let’s put all the terms on th left over a common denominator of 3:
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- next we combine the fractions: 
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- combine like terms:
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- multiply both sides by 3:



4 – 12x = 18


- subtract 4 from both sides:
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    –12x = 14


- divide both sides by –12:       
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Solution: 
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3.3.2 Solving multi-step equations using the distributive property.
You have seen in some of the examples that we can choose to divide out a constant or distribute it. The choice comes down to whether on not we would get a fraction as a result. We are trying to simplify the expression – if we can divide out large numbers without getting a fraction we avoid large coefficients. Most of the time, however, we will have to distribute and then collect like terms: 
Example 2

Solve 
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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 17 on the left, or divide both sides by 17 to remove it from the left. If we divide by 17, however, we will end up with a fraction. We wish to avoid fractions if possible!
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- distribute the 17:
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- subtract 68 from both sides:



       – 68   –68       



         51x = –61       
-divide by 51:


Solution:           
[image: image10.wmf]61

51

=

x


Example 3

Solve 
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This time we will need to collect like terms, but they are hidden inside the brackets. We start by expanding the parentheses:
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- collect the like terms (12x and – 14x):


(12x – 14x) + (21 – 16) = 3

- evaluate each set of like terms:
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- subtract 5 from both sides:

        

       

   –5    –5


        

   –2x = –2

- divide both sides by –2:       


Solution:
      x = 1
Example 4

Solve the following equation for x:
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This function contains both fractions and decimals. We need to convert to having all terms either one or the other. It is often easier to convert decimals to fractions, but the fractions in this equation are easily moved to decimal form. Decimals do not require a common denominator!
Rewrite in decimal form:
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- multiply out decimals:
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- collect like terms:
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- evaluate each collection:
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- subtract 1.82 from both sides:




        –1.82  –1.82
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- divide by –0.1:



Solution:
x = 18.2
3.3.3 Solve real-world problems using multi-step equations.
Real world problems require you to translate 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 5:
A grower’s cooperative has a farmer’s market in the town center every Saturday. They sell what they have grown and split the money as follows: 8.5% of all the money taken is removed for sales tax. $150 is removed to pay the rent on the space they occupy. What remains is split evenly between the 7 growers. How much money is taken in total if each grower receives a $175 share?
Let us translate the text above into an equation. The unknown is going to be the total money taken. We will call this x.
“8.5% of all the money taken is removed for sales tax” 
So 91.5% remains. This is 0.915x 

“$150 is removed to pay the rent on the space they occupy”

(0.915x – 150)
“What remains is split evenly between the 7 growers”
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If each grower’s share is $175, then we arrive at the following equation:
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- Multiply by both sides 7:
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- add 150 to both sides:
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- divide by 0.915:
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-round to 2 decimal places:

Solution: If the growers are each to receive a $175 share then they must take at least $1,502.73

Example 6 
A factory manager is packing engine components into wooden crates to be shipped on a small  truck. The truck is designed to hold 16 crates, and will safely carry a 1,200 lb cargo. Each crate weighs 12 lbs empty. How much weight should the manager instruct the workers to put in each crate in order to get the shipment weight as close as possible to 1,200 lbs?
The unknown quantity is the weight to put in each box. This is x. Each crate, when full will weigh:


(x + 12)



- so 16 crates must weigh:

16(x + 12)


- and this must equal 1,200 lbs:

16(x + 12) = 1200

- to isolate x first divide both sides by 16:

x + 12 = 75


- next subtract 12 from both sides:

x = 63

Solution: The manager should tell the workers to put 63 lbs of components in each crate.

Ohm’s Law

The electrical current, I (amps), passing through an electronic component varies directly with the applied voltage, V (volts), according to the relationship:


V= I·R

where R is the resistance (measured in Ohms - Ω)

Example 7 
A scientist is trying to deduce the resistance of an unknown component. He labels the resistance of the unknown component xΩ. The resistance of a circuit containing 5 of the components is (5x + 20)Ω. A 120 volt potential difference across the circuit produces a current of 23.5 amps. Calculate the resistance of each component. 

Substitute V = 12, I = 3.5 and R = (5x + 20) into V = I·R:



120 = 2.5(5x + 20)

- distribute the 3.5:


120 = 12.5x + 70


- subtract 70 from both sides:


–70
      –70
 

  50 = 12.5x


- divide both sides by 12.5  
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Solution: The unknown components have a resistance of 4Ω.
Distance, speed and time

The speed of a body is the distance it travels per unit time. We can determine how far an object moves in a certain amount of time by multiplying the speed by the time. The equation we use is:


distance = speed × time

Example 8
Nadia’s car is traveling at 10 miles per hour slower than twice the speed of Peter’s car. She covers 93 miles in 1 hour 30 minutes. How fast is Peter driving? 

Here we have two unknowns – Nadia’s speed and Peter’s speed. We do know that Nadia’s speed is Peter’s speed plus 10, and since the question is asking for Peter’s speed, it is his speed that will be x. 

Substituting into the distance time equation yields:


93 = (2x + 10) × 1.5

- divide by 1.5:

62 = (2x + 10)


- subtract 10 from both sides:

–10           –10

52 = 2x



- divide both sides by 2:


26 = x

Solution: Peter is driving at 26 miles per hour

Example 9 Speed of Sound

The speed of sound in dry air, v, is given by the equation:


v = 331 + 0.6T
where T is the temperature in ºCelsius

Nadia hits a drainpipe with a hammer. 250 meters away, Peter hears the sound and hits his own drainpipe. Unfortunately there is a 1 second delay between him hearting the sound and hitting his own pipe. Nadia accurately  measures the time from her hitting the pipe and hearing Peter’s pipe at 2.46 seconds. What is the temperature of the air?

This complex problem must be carefully translated into equations:


Distance traveled = (331 + 0.6T) × time

but:
time = (2.46 – 1)


- do not forget, for 1 second the sound is not traveling
and:
Distance = 2 × 250

Our equation is:


2(250) = (331 + 0.6T)·(2.46 – 1)

- simplify terms:


     500 = 1.46(331 + 0.6T)


- divide by 1.46:


342.47 = 331 + 0.6T


- subtract 331 from both sides:



  11.47 = 0.6T



- divide by 0.6:



    19.1 = T
Solution: The temperature is 19.1º Celsius
Homework Problems
1. Solve the following equations for the unknown variable:

a.
3(x – 1) – 2(x + 3) =0

b. 7(w+ 20) – w= 5

c. 9(x – 2) = 3x + 3
d. 
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e. 
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f. 
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h. 
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2. An engineer is building a suspended platform to raise bags of cement. The platform has a mass of 200 kg, and each bag of cement is 40kg. He is using 2 steel cables, each capable of holding 250 kg. Write an equation for the number of bags he can put on the platform at once, and solve it.
3. A box contains 500 identical unmarked resistors. A scientist finds that a circuit comprising 5 of these resistors plus one a 50Ω resistor in series has exactly twice the resistance of 3 of the unknown resistors plus a 10Ω resistor. What is the resistance of the unknown resistors?

4. Anne inherited a sum of money. She Split it into 5 equal chunks. She invested 3 portions of the money in a high interest bank account which added 10% to the value. She placed the rest of her inheritance plus $500 in the stock market but lost 20% on that money. If the two accounts end up with exactly the same amount of money in them, how much did she inherit?
5. Andrew drove to his mother’s house to drop off her new TV. He drove at 50 miles per hour there and back, and spent 10 minutes dropping off the TV. The entire journey took him 94 minutes. How far away does his mother live?
Answers:

1. a. x = 9;   b. w = –22.5;   c. x = 3.5;   d. a = (2/21);   e. i = (17/15);   f. v = (33/8);   g. s = (42/5)
h. p = (32/87);   i. q = –(232/15)
2. 2(250) = 200 + 40x;   x = 7.5 ( 7 bags

3. 30Ω

4. $1,176.50 
5. 35 miles
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