Lesson 1.3:
Patterns and Expressions.
Learning objectives for this lesson – By the end of this lesson, you will be able to:

· Write an expression.

· Use a verbal model to write an expression.

· Solve problems using expressions.

California State Standards Addressed: Algebra I ()

Introduction

In mathematics, and especially in algebra, we are looking to find a pattern in the numbers we see. The tools of algebra allow us to not only describe the pattern with words, but to write an expression – a mathematical recipe that perfectly and concisely defines the number pattern we see.
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For example, a theme park charges $12 admission. Clearly, the number of people who enter the park every day and the amount of money taken by the ticket office are related mathematically. We could easily come up with a rule to find the money taken:

In words, we might say “The money taken in dollars is twelve times the number of people who enter the park”. 

We could also make a table - the following table relates the number of people who visit the park and the total money taken by the ticket office:

	Number of visitors
	1
	2
	3
	4
	5
	6
	7

	Money taken ($)
	12
	24
	36
	48
	60
	72
	84


Clearly, we will need a big table if we are going to be able to cope with a busy day in the middle of a school vacation!
A third way we might relate the two quantities (visitors and money) is with a graph. If we plot the money taken on the vertical axis and the number of visitors on the horizontal axis, we would get a graph that looks like the one shown right: 

The method we will examine closely in this lesson is actually closer to the first way we chose to describe the relationship. In words we said that “the money taken in dollars is twelve times the number of people who enter the park”. In mathematical terms we can describe this sort of relationship with variables – a letter used to represent a quantity. We already can see the basis of a mathematical formula or expression in the words:

the money taken in dollars is twelve times the number of people who enter the park
can be directly translated to:


(the money taken in dollars) = 12 × (the number of people who enter the park)
To make the quantities more visible they have been place d in parentheses. We can now see which quantities we will use letters to describe. First we must state which letters (or, more correctly, which variables) relate to which quantities. We call this defining the variables:

Let x = the number of people who enter the theme park.


Let y = the total amount of money taken at the ticket office.

We can now show the fourth way to describe the relationship, with our algebraic expression: 


   y = 12x 

1.3.1. Write an expression.

An expression is a term used to describe a collection of numbers and variables related through mathematical operators. An expression may be as simple as 1 + 2. An algebraic expression will contain letters that relate to real quantities or at the least, numbers that represent values for real quantities. If, for example, we wanted to use the algebraic expression example above to find the money taken with a certain number of visitors we would substitute that value in for x and then solve the resulting expression for y:
Example 1



A theme park charges $12 entry to visitors. Find the money taken if 1,296 people visit the park.

Let’s break the solution to this problem down into a set number of steps. This will help us solve all the problems in this lesson:
Step 1. Extract the important information:


(money taken in dollars) = 12 × (number of visitors)


(number of visitors) = 1,296

Step 2. Translate into a mathematical expression
We do this by defining variables and by substituting in known values:

Let y = (money taken in dollars)
then:


y = 12 × 1296

THIS IS OUR EXPRESSION. 
Step 3. Solve the expression.

y = 15552
Solution: The money taken is $15,552
Step 4. Check the result.

If  $15,552 is taken at the ticket office and tickets are $12, then the number of people who enter the park is:


(number of people) = 
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This is indeed is the number of people who enter, so: 

The result checks out.
Example 2
The following table shows the relationship between two quantities. Write an expression that describes the relationship, and find out what value b would have when a is 750.
	a: 
	0
	10
	20
	30
	40
	50

	b:
	20
	40
	60
	80
	100
	120


Step 1. Extract the important information:

We can see from the table that every time a increases by 10, b increases by 20. However b is not simply twice the value of a.  We can see that when a = 0, b = 20 so this gives a clue as to whet rule the pattern follows. Hopefully you should see that the rule linking a and b is:

“To find b, double the value of a and add 20”
Step 2. Translate into a mathematical expression:
Text:

       translates to

Mathematical expression:

“To find b”

( 

b =
“double the value of a”
(

2a
“add 20”

(

+ 20



So our expression is:
b = 2a + 20
THIS IS OUR EXPRESSION
Step 3. Solve the expression:
We now substitute in the values we have for our known variable and rewrite the expression:

“when a is 750” 

( 

b =2(750) + 20
Follow order of operations to solve:

b =2(750) + 20


b =1500 + 20 = 1520
Step 4. Check the result.

In some cases you can check the result by plugging it back in to the expression. Other times you must simply double-check your math. Double-checking is always advisable. We can, in this case plug our answer for b into the expression we determined above, along with the value for a and see what comes out:


b = 2a + 20

- plug in a = 750, b = 1520
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- the ‘?’ above the ‘=’ means we are testing the expression:
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- order of operations means we multiply before we add:
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This statement is TRUE (we were testing to see if both sides of the equation would balance). A true statement is a good indicator that the result checks out.
1.3.2. Use a verbal model to write an expression

In the last example we developed a rule, written in words, as a way to develop an algebraic expression. We will develop this further in the next few examples.
Example 3
The following table shows the values of two related quantities. Write an expression that describes the relationship mathematically. 
	x-value
	y-value

	–2
	10

	0
	0

	2
	–10

	4
	–20

	6
	–30


Step 1. Extract the important information:

We can see from the table that y is five times bigger than x. The value for y is negative when x is positive,  and it is positive when x is negative. The rule linking x and y is:


“y is”
Step 2. Translate into a mathematical expression:

Text:

       
translates to

Mathematical expression:

“y is”



( 

y =
“negative 5 times the value of x”
(

–5x


So our expression is:
y = –5x

THIS IS OUR EXPRESSION
Step 3. There is nothing in this problem to solve for. We can move to:
Step 4. Check the result.

In this case, the way we would check our answer is to use it to generate our own x, y pairs. If they match the values in the table then we know our expression is correct. We will substitute x values of –2, 0, 2, 4, 6 in and solve for y:


x = –2:

y = –5(–2) 
y = +10


x = 0:

y = –5(0) 
y = 0


x = 2:

y = –5(2) 
y = –10


x = 4:

y = –5(4) 
y = –20


x = 6:

y = –5(6) 
y = –30

Each x, y pair above exactly matches the corresponding row in the table:  The result checks out.
Example 4 
[image: image6.wmf]Andrew has a $100 gift card, and he is spending money on the card in small regular amounts. He checks the balance on the card weekly, and records the balance in the following table:
	Week number
	Balance ($)

	1
	100

	2
	78

	3
	56

	4
	34


Write an expression for the money remaining on the card in any given week.

Step 1. Extract the important information:

We can see from the table that Andrew spends $22 from the balance every week. 
· As the week number increases by 1, the balance decreases by 22. 
The other information is given by any point (any week, balance pair). Let’s take week 1:
· When (week number) = 1, 
    (balance) = 100
Step 2. Translate into a mathematical expression:

Define variables:

Let week number = n

Let Balance = b
as n increases by 1, b decreases by 22 
( 
b = –22n + ?
The ? indicates that we need another term – without it the balance would be -22, -44, -66… We know that the balance starts positive, and heads to zero. To find unknown,  we plug in values for n and b:

100 = –22(1) + ? = –22 + ?

The number that yeilds 100 when 22 is subtracted from it is 122. Our equation is therefore: 


b = –22n + 122

Step 3. All we were asked to was find the expression not solve it so, 
Step 4. Check the result.

To check that this expression is correct, we see if it really reproduces the data in the table. To do that we plug in values for n:


n = 1
( 
b = –22(1) + 122 ( 
b = 122 – 22 = 100


n = 2
( 
b = –22(2) + 122 ( 
b = 122 – 44 = 78

n = 3
( 
b = –22(3) + 122 ( 
b = 122 – 66 = 56

n = 4
( 
b = –22(4) + 122 ( 
b = 122 – 88 = 34
The expression perfectly reproduces the data in the table. The result checks out.
1.3.3. Solve problems using expressions
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