§2.1  Simplifying Algebraic Expressions

Objectives
· Types of Polynomial

· Degree of Terms & Polynomials

· ID Terms, (Un)Like Terms 

· Combine Like Terms

· Remove parentheses using distributive property

· Evaluation & Comparison

· Intro to solving equations
Term – Number, variable, product of a number and a variable or a variable raised to a power.  We’ll see later that in an algebraic expression/polynomial we’ll be able to find terms by looking for the operators addition/subtraction.

Example:
a)   5

b)
5x
     c)
    xy

d)
x2
Numeric Coefficient – The number multiplied by a variable in a term with a variable.


Example:  What is the numeric coefficient?

a)
3x2

b)
x/2

c)
- 5x/2

d)
– z
Polynomial –  A term or the sum/difference of two or more terms of the form axn.

Example 3:
a)
2x
b)
2x  (  5
c)
2x2  +  3x  (  5

Monomial – A polynomial with a single variable term.


Example:
Part a) in Example 3 is a monomial

Binomial – A polynomial with two terms. 


Example:
Part b) in Example 3 is a binomial

Trinomial – A polynomial with three terms.


Example:
Part c) in Example 3 is a trinomial

Algebraic Expression vs. Polynomial
The only difference is that the algebraic expression can have more than one variable type, but not all books are consistent on their labeling and they use these two interchangeably.

Constant – A term that is just a number.  It should be noted for future reference that a constant could be written as a number times a variable to the zero power, since anything to the zero power is always 1!


Example:
2  =  2x0
For the next section (adding/subtracting polynomials) and later when it comes to multiplying, dividing and factoring polynomials we’ll want to know a the definition of the degree of a term  and the degree of a polynomial  and how to order a polynomial.  
Degree of a Term – The sum of the powers of the variables.  


        A constant’s degree is zero.


Example:
What is the degree of the following?


a)
2xy2

b)
3x2y3z

c)
5
d)
-1/2 xyz

Degree of a Polynomial – The degree of the highest degreed term within the polynomial.


Example:
What is the degree of the polynomial?


a)
2x  +  5
b)
2x  (  3x3  +  4

c)
5  (  2x4  +  3x  +  4x3
Ordering a Polynomial – Putting the terms in order of descending degree.


Example:
Order the polynomials.


a)
2x  (  3x3  +  4



b)
5  (  2x4  +  3x  +  4x3
Now for the heart of the section – this is how we will be able to simplify algebraic expressions (well, with a little help from our distributive, commutative and associative properties).
Like Term – Terms that have a variable, or combination of variables, that are identical, including their powers.

Example:  Are the following like terms?  Why or why not?




a)  7x

10x2




b)  - 15z
23z




c)  t

15t3




d)  5

5w




e)  xy

6xy

f)  x2y

- 2x2y2

Blair would also like you to recall your evaluation and comparison skills.  This really has nothing to do with our main objective since it is review and I will let you cover this on your own.
I would like to cover some problems that she covers and begin the introduction to solving algebraic equations.  She of course does this in a very non-mathematical way at first, but I would like to introduce the math behind this and how we snuck it in on you from the time you were in about the first or second grade.

First let’s talk about what you learned in first/second grade.  You learned your addition facts.  Then they probably started giving you problems like 2 + ? = 4; asking you to fill in the question mark.  This is done because it begins the preparation for subtraction since subtraction is a missing addend problem – subtraction is the inverse operation of addition and as such we are looking for the addition of an opposite to find the answer!  The next concept that should follow is the problem:  4  (  2  =  ?.  Do you see the addition of the opposite in this problem that was the missing addend?  I hope so.  This forms the basis for the addition property of equality and for being able to solve those missing factor problems that are way beyond our knowledge of addition facts.  We don’t ever say it like this way however, until it comes to Algebra, and then it sounds so freaky and foreign.  It really isn’t.  When we are solving for that missing addend we are doing the same thing we did as little kids, but because now when we are way out of our league in terms of addition facts we now have some rules that help us remember that it really is just a “subtraction – addition of the opposite” problem.


Example:  Form an equivalent equation by adding the opposite of the 

       constant term on the left.
a)
9  +  x  =  12




b)
x  +  9  =  -11


c)
x  (  2  =  15

We also learned the other property that we need in the same way.  This one involves multiplication.  We first learned our multiplication facts and then in preparation for division we were given missing factor problems like this:  ? ( 8  =  56.  The next concept that followed were our division problems and we got the problem:
56  ÷  8  =  ?  (recall that you can write division as multiplication by a reciprocal so this can also look like 56 ( 1/8 = ?).  Do you see the missing factor problem in this one?  It is multiplication by a reciprocal that finds our missing factor (you might like to call it division, but I won’t).  Now when we get out of our league in missing factor problems we can figure them out!

Example:
Form an equivalent equation by multiplying both sides by the 




reciprocal of the numeric coefficient (dividing if you must!).


a)
2x  =  58

b)
-1/3 x  =  27

c)
-2/5 x  =  -1/2
§2.2 Collecting Like Terms
Objectives

· Simplifying Algebraic Expressions by Grouping Like Terms
· Adding/Subtracting Polynomials by Grouping Like Terms & Vertical Method
Simplifying an algebraic expression by combining like terms means adding or subtracting terms in an algebraic expression that are alike.  Recall that subtraction is addition of the opposite, so once you change all subtraction to addition, you may simplify.  If multiplication is involved the distributive property must first be applied.

Simplifying Algebraic Expressions/Polynomials

Step 1:  Change all subtraction to addition

Step 2:  Use the distributive property wherever necessary

Step 3:  Group like terms either physically or with a small indication (the commutative & 

   associative properties)
Step 4:  Add numeric coefficients of like terms (really our distributive property in reverse)
Step 5:  Don’t forget to separate each term in your simplified expression by an addition 

  symbol!!  Eventually be able to switch from + a negative to subtraction.

Example:  Simplify each

a)
2x  +  4x2  +  5x  (  2x2  +  5

b)
5y  –  14  +  7y  (  20y

c)
-3(2x  +  5)  –  6x


d)
9y2  –  (6xy2  –  5y2)  –  8xy2

e)
5x  –  (3x  –  10)


f)
2  –  4(6x  (  6)

g)
Subtract 6x  –  1 from 3x  +  4
h)
½(12x  –  4)  –  (x  +  5)

This is not the only way of looking at addition of polynomials.  It can also be done in a vertical fashion as well as a horizontal.  It will show you both, test you on both, but ultimately you will decide on your preferred method.

Method 2:  Adding Polynomials in Columns (Vertical Method)
Step 1:  Order polynomials being added or subtracted (leave blanks for missing degrees)
Step 2:  Remove subtraction

Step 3:  Stack in columns

Step 4:  Add

Example:
Perform the following operations using the vertical method.

a)
  -x3              +  2x  +  10


  7x3  +  2x2  (    x  (  11  


b)
    2x3  (  5x2  +   x   (  9


(  8x3  +  2x2  (    x  +  8  


c)
(7x  (  2x2  +  3)  (  (5  +  x2  (  2x)

d)
(9x2  (  9)   +  (x2  +  x  +  7)
e)
Subtract (x2  (  9) from (x2  +  2 x  (  3)

Blair continues to bring up evaluation and comparison. Again that is part of your homework and I won’t spend any more time on a concept that we have already covered.
§2.3 Solving Linear Equations

Solving Linear Equations

· Addition Property of Equality

· Multiplication Property of Equality

· Simplification
· Clearing (Supplemental)

Linear Equation Word Problems

Linear Equations in One Variable are equations that can be simplified to an equation with one term involving a variable raised to the first power which is added to a number and equivalent to a constant.  Such an equation can be written as follows:



ax  +  b  =  c



a, b & c are constants








a ( 0








x is a variable

Our goal in this and the next section will be to rewrite a linear equation into an equivalent equation (an equation with the same solution) in order to arrive at a solution.  We will do this by forming the equivalent equation:


x = #       or      # = x


x is a variable 








# is any constant

Remember that only 1 value (at this time) will make a linear equation true and that is the value that we desire.  This also means that we can check (evaluate the expressions on each side of the equation to check for a true statement) our solution.

Recall the Fundamental Theorem of Fractions:

a  (  c   =   a  
(multiply/divide the numerator & denominator by the same number
b  (  c        b
and the resulting fraction is equivalent)

The method for which we will be creating equivalent equations is very similar to the Fundamental Theorem of Fractions.

Addition Property of Equality 

Given an equation, if you add/subtract the same thing to both sides of the equal sign, then the new equation is equivalent to the original.

a = b     and     a  +  c  =  b  +  c

are equivalent equations
Example:  
Form an equivalent equation by adding the opposite of the 

       
constant term on the left.

9 +  x  =  12

We’ll use the additive property of equality to move all variables to one side of the equation  and all numbers to the other side (the general rule of thumb is move the variables first to the side with the greater numeric coefficient).  
This is the first setp in isolating the variable.  When there is only addition present is done by adding the opposite of the larger variable term to both sides of the equation to move the variables to one side and then adding the opposite of the larger constant term to both sides of the equation (the expression on each side of the equal sign must first be simplified of course).  This is math magic!!  When we add the opposite of the terms it yields zero – the magic number for addition. The inverse property of addition allows us to add a number such that we will get the magic number – zero, which is the identity property.  So it is with the inverse, identity and addition property of equality that we are able to begin the process of solving algebraic equations.  

Example:
Solve by using the addition property of equality and the additive 

inverse.  In order to solve these, you must look at the equation and 

ask yourself, “How will I make x stand alone?”  This is where the 

additive inverse comes in –  You must add the opposite of the 

constant term in order to get the variable to “stand alone.”
a)
x  +  9  =  -11



b)
x  +  2  =  15

c)
x  (  3  =  -10



d)
x  (  7/8  =  3/8
e)
x  +  3  =  0



f)
x  +  3.5  =  1.27

Note: You can probably look at each of the above equations and tell me what the variable should be equivalent to, but the point here is to develop a method that will work when the equation is more complicated!!

How do we know that we got the right number for the above answers?  We check them using evaluation!

Example:
Check to indicated problems from the previous example

a) 
 x  =  -20  so   we replace x with -20 and get the following

-20  +  9  =  -11

-11  =  -11 

true statement, therefore(()this checks

c)

f)
Of course, every problem will not be as simplistic as the ones used as examples so far, and sometimes we will have to simplify a problem before we can solve it.  This means that we are looking at the expression on each side of the equal sign and simplifying it as we did in §2.2.  Remember simplifying means combining like terms – just adding them up, not adding their opposite!  Adding an opposite is only for moving ACROSS the equal sign!

Example:
Solve the following problems by simplifying each before applying 




the addition property of equality.
a)
6a  (  2  (  5a  =  -9  +  1

b)
5a + 6 ( 4a  =  7a  +  8  (  7a

c)
3(a  +  7/3)  (  2a  =  1


d)
- ½ (8a  (  12)  (  (-5a)  =  4

e)
4a  +  1  (  3a  =  3(a  +  2/3)  (  3a

Now, the next step in isolating the variable.  You’ll notice that all the problems that we just solved ended with a numeric coefficient that was one.  In the following problems, once we have the variable on one side of the equation and the constants on the other side, there will still be a numeric coefficient.  We’ll use another property to remove that numeric coefficient.

Mulitiplication Property of Equality 
Two equations are equivalent if the both sides have been multiplied by the same non-zero constant.

a  =  b       is equivalent to      ac  =  bc
a ( 0
We will be using this to solve such problems as:


Example:
4x  =  24

· By inspection we see that if x = 6, both sides are equivalent!

· However, if we want to isolate x what must 4x be multiplied by?  Think about the  reciprocal of the numeric coefficient!

· Using the inverse property of equality to achieve the identity element for multiplication combined with the multiplication property of equality, we can arrive at a solution for x by making math magic happen!

Example:
Solve using the multiplicative property of equality (focus on the 


numeric coefficient, multiply both sides by its reciprocal to solve)
a)
16x  =  48

b)
x/3  =  36
(Recall that x/3 is equivalent to 1/3 x)
Note: The following algebraic equation uses the addition property and multiplication property.  The addition property is always used first.

c) 14x  (  2  =  26

Now, let’s get a little more complicated.  We have all the tools that we need to solve any problem, we just have to apply them in the correct order!  Here is the process.

Solving Algebraic Equations
Step 1:     Simplify each side of the equation 

a)
Distribute


b)
Clear the equation of fractions/decimals


c)
Combine like terms
Step 2:     Move the variable to one side (the side with the larger numeric coefficient is a good rule 

     of thumb, but not always the best plan) by applying addition property

Step 3:     Move constants to the “other side” (opposite the side that you moved your variables) 

     by applying the addition property

Step 4:     Remove the numeric coefficient by applying the multiplication property

Step 5:     Write solution as a solution set or variable = #
Step 6:
     Check your solution

Example:
Solve and check.

a)
12x  (  5  =  23  (  2x

b)
2x  +  10  +  14x  =  2x  (  18

c)
5(2x  (  1)  (  6x  =  4

d)
1/3(3x  –  1)  =  -1/10  –  2/10

e)
x  +  3/7  =  -x  +  1/3  +  4/7
Now there is only one thing left to make you all experts in solving algebraic equations.  That is to teach you to make your life easier when it comes to fractions and decimals!  This is a skill you can’t apply unless there is an equal sign or an inequality (it doesn’t work for expressions in other words).  This is a skill that is necessary for Rational Expression Equations, so you do need to learn the process.  Blair does not bring it up at this point, but I am going to insist.

Simplifying: Clearing the Equation of Fractions (Getting Rid of Fractions)

Step 1:  Expand using the distributive property
Step 2:  Find LCD of all fractions (on both left and right)
Step 3:  Multiply all terms by LCD

Step 4:  Simplify left & right sides of the equation 


Example:
Solve by clearing the equation of fractions


a)
1/2  x   (  6/12  =  1


b)
4/3 (5  (  w)  =  - w

c)
x/2  (  1  =  x/5  +  2


d)
   2(7  (  x)  =  - x







          5
The same thing can be done with decimals.  Since decimals can be represented as parts of factors of ten, we are multiplying the LCD of factors of 10, and since all factors of 10 are multiples of one another and the largest number is the LCD, all we are really looking at is the largest number of decimal places.
Simplifying:  Getting the Decimals Out

Step 1:
Expand by using the distributive property

Step 2:
Examine all of the decimals in the equation, and determine which has the most 


decimal places.  Count those decimal places.

Step 3:
Multiply every term in the entire equation by a factor of 10 with the same 

number of zeros as the number counted in step 2.

Step 4:
Simplify both sides of the equation


Example:
Solve the equations by clearing of decimals.

a)
2.7  (  x  =  5.4


b)
4(y  +  2.81)  =  2.81

c)
0.60(z  (  300)  +  0.05z  =  0.70z  (  0.41(500)

Now, here are some more to practice in class.  Raise your hand if you especially need help.  We will do these together in a few minutes, but you are expected to try them on your own, while I circulate.
Your Turn


Example:
Solve by clearing

a)
½ g  +  2/3  =  5


b)
0.5x  +  0.25  =  1.2



c)
1/3 (y  (  5)  =  ¼ 


d)
0.25(x  (  0.1)  =  0.5x  +  0.75
e)
x/2  (  1  =  x/5  +  2


f)
2(a  +  7)   =  5a  (  4

             




       3

g)
-7  (  (10x  +  3)  =  5x  (  (x  (  18)
Finally, I want to discuss equations that have no solution or infinitely many solutions.  An equation that has no solution yields an untrue statement, in other words, when you go through the process of solving such an equation you will get a false statement such as      0  =  5.  This is a contradiction (an equation with no solution) and its solution set is written as 

a null set (symbolized with ( or { }).  An equation with infinitely many solutions yields a true statement, in other words, when you go through the process of solving such an equation you will get a true statement such as 5  =  5.  This is called an identity (an 

equation with infinite solutions and its solution set is all real numbers).  I will allow you to write ( rather than {all real numbers}, but note that the book indicates the set notation as

the correct answer.

Here is the same information, in table form.

	Type
	Look When Solved
	Solution

	Conditional (all that came before)
	x  =  #  or    #  =  x
	x = #  or   {#}

	Contradiction
	#1 = #2 A false statement
(no variables present;)
	No Solution or  (

	Identity
	#1 = #1 A true statement

(no variables present)
	All Real Numbers



Example:
State conditional, contradiction or identity and give the solution.


a)
c  +  5  =  c  (  5


b)
2(a  +  1)  =  2(a  (  5)  +  12

c)
2(a  +  1)  =  2(a  (  5)  +  12  +  a

Note:  It is a common error when working with contradictions, identities and conditional equations to give the answer of {} when the equation is truly conditional with a solution set of {0}.

Now, for some word problems that Blair does cover.  These first problems are the linear equation problems that I first introduced in §1.5.  Recall the general form of these problems again.  Now, with our newly found algebra skills we can solve them!

Example:  
Show all setup, write an equation using the setup and solve.  Don’t 

forget any appropriate units.

a)
Johnny owns a business that builds computers.  His fixed operating costs 



are $2700 per week.  In addition, each computer that he builds costs $600.  



Each computer sells for $1500.  How many computers does Johnny need 



to sell to break even?

b)
Alice owns a video retail store.  It costs her $875 per week to operate her 



store.  She rents videos for $3.50 each.  How many videos must Alice rent 



in order to break even?  How many games did Alice rent in a week that 



her profit was $525?

c)
Rick, earns a weekly salary of $500 plus commission on his sales.  Find 


his total pay based upon $4000 in sales.  Next month Rick wants to make 



twice the money he made in this case, how much will his sales have to 



total?

d)
A new cell phone carrier is offering $0.03 per minute for each call 



(regardless of it being local or long distance),  without a fixed fee.  If are going to 



make twice as many local calls as long distance calls and only want to 



spend $27 per month on your cell phone bill, how many local and long 



distance calls can you make?
§2.4  Solving and Graphing Linear Inequalities, Set-Builder & Interval Notation
Objectives

Graphing Inequalities

· Simple Inequalities

· Compound Inequalities

· Rewriting to Standard Form

Notation

· Interval 

· Set Builder 

Solving Simple Linear Inequalities

· Graphing, Giving Interval & Set Builder Notation

Solving Compound Linear Inequalities

· Graphing, Giving Interval & Set Builder Notation

Word Problems
· Averages

· Revenue =  Profit (  Cost

Review of Inequality Symbols


( 

(
(
(
The “OLD way” of graphing simple inequalities (contain only one inequality)

· -- 
Graph with an open circle  on the endpoint and a line to the left, if in standard form
· -- 
Graph with an open circle on the endpoint and a line to the right, if in standard form
(    -- 
Graph with a closed circle on the endpoint and line to the right, if in standard form
(    -- 
Graph with a closed circle on the endpoint and a line to the left, if in standard form
*An endpoint is the number where the solution set begins or ends.  It is the number in the simple linear inequality.

Summary of the “NEW way”
<   --
)  on the endpoint and a line to the left

>   --
(   on the endpoint and a line to the right  
(   --   [ on the endpoint and a line to the right

(   --
] on the endpoint and a line to the left
Let’s practice standard form 1st.  Write the variable of the left and the number on the right.  Rewrite the inequality so that the arrow points to the same thing it did originally.


Examples:  
Put the following in standard form

a)
5  (  x


b)
–2  ( y


c)
5002 ( m

Now some graphing.


Examples:
Graph each of the following (on a number line)
a)  
x ( 3




b)  
2 ( y

c)  
-2 ( v




d)  
t  ( 5

Note:  Parts b and c in the example are examples of inequalities written in nonstandard form.  To read an inequality written in nonstandard form, we must read right to left, instead of our usual left to right.  Thus it is easiest to always put inequalities in standard form before reading and trying to graph them.

Now let’s extend this to another new way of writing a solution set.  Up to this point you have been taught roster form and set builder notation.  We will learn the last method here.  It is called interval notation.  It is essentially the shortcut of writing what you just saw on the number line.  It tells about the inclusion or exclusion of left endpoint ( Endpoints are the beginning or end of the solution set) and the right endpoint and slams them together with a comma in the middle.  When graphing simple inequalities, we can get a solution set that travels out to negative or positive infinity (-(, ().  Infinity is an elusive point since you can never reach it, and therefore in interval notation we always use a parenthesis around infinity.

Summary


Endpoint included

[   or   ]



Endpoint not included

(   or   )



Negative Infinity

(-(


Positive Infinity

()

Visually Relating to the Number Graph of an Inequality



x  >  5


Will be graphed with an parenthesis (open circle) on 5 

and a line to the right with an arrow on the end showing that it continues on to infinity.






Interval Notation

(5, ()



-2  (  x


Will be graphed with an bracket (closed circle) on 5 

and a line to the right with an arrow on the end showing that it continues on to infinity.






Interval Notation

(-(, -2]

Review of Set Buildeer Notation

We can also write our solutions in our good old friend, set builder notation.  Recall this notation looks like:


{x | x > 2}

It describes the set.  





It will indicate what set of numbers x is being drawn from if 





any set besides the real numbers, and in our cases here it will 





always be the reals so nothing will be indicated.
Let’s practice those last two examples using set builder notation.


Example:
Give the set builder notation for the following:


a)
x > 5




b)
-2  ≥  x

Compound Linear Inequalities
Graphing  compound inequalities (contains 2 inequalities):


A compound inequality is read as an “and”

Example:
15 ( x ( 20 is read as:


 x is greater than 15 
and 






x is less than 20
In your first experiences with compound linear inequalities you may have been taught to graph them in these two parts above the line and then graph the area where they overlap on the same line.  Here is how it might have looked:

That is totally unnecessary if we have a compound linear inequality in standard form!  That means that the little number is on the left, the big number is on the right and both the inequality symbols are < or ≤.  When this is the case we can mark the left endpoint, mark the right endpoint and draw a line in between!  Like this:
That leads us to what we must do to put a linear inequality in standard form.  You will need to place the small number on the left and the big number on the right and then make the arrows point to what they pointed to in the first place!  Just like in a simple linear inequality.  If the inequalities don’t turn out to be < or ≤ then if you didn’t make an error, you are looking at a null set!

Example:
Put
15  >  x  ≥  -2  in standard form.


Example:  
Graph the following compound inequalities

a)
8  ( x ( 9




b)
–2 ( x  ( 5

c)
5  ( x ( -2




d)
5  ( x ( -2

Now we’ll go over interval notation for compound linear inequalities.  Remember that interval notation is just a snap shot of what you see on the number line.



-1 <  x  (  5

Will be graphed with an parenthesis (open circle) on 

-1 and a bracket (closed circle) on 5 and a line in 

 between.





Interval Notation

(-1, 5]


Example:  
Give the interval and set builder notation for the following.
a)
8  ( x ( 9




b)
–2 ( x  ( 5
c)
5  ( x ( -2




d)
5  ( x ( -2

Solving Simple Linear Inequalities

If all we must do to solve a linear inequality is to add or subtract then simple linear inequalities are solved in the exact same manner as a linear equation.  Recall the steps to solving a linear equation covered in §2.3.


Example:  
Solve, graph, give the interval notation and set builder notation for 



following the linear inequalities.
a)
x  +  2  (  7



b)
2x  +  7  (  9  +  x

c)
2x  (  15  +  x  (  15  +  2(x  (  1)

If we must multiply or divide by a positive number to get the solution, then the steps for finding the solution are still the same!


Example:  
Solve, graph and give the interval notation for following the linear 

inequality




5x  (  15  +  2  (  15  +  3x

The problem occurs when I must multiply or divide by a negative number!  Whenever I multiply or divide by a negative number, the sense of the inequality must reverse.

To see why, let’s solve the following by keeping the variable positive.


Example:
Solve by keeping the variable positive:






-2x  +  5  (  9


Example:  
Solve, graph, give the interval notation and set builder notation for 



following the linear inequalities.  Do not keep the variable positive.  




Practice reversing the sense of the inequality.

a)
 3/4x  (  1  (  2x  +  ¼ 


b)
-2x  +  5  (  9

Solving Compound Linear Inequalities

Step 1:  See the problem as having 3 parts – a left, a middle and a right.

Step 2:  Simplify the three parts if necessary

Step 3:  Remove all constants from the middle by adding their opposite to all three part, 

  the left and right sides of the  inequality and the middle

Step 4:  Remove the numeric coefficient of the variable term (middle) by multiplying each 

  part by the reciprocal (don’t forget to reverse the sense of both inequalities if your numeric 

  coeffiecient is negative!)
Step 5:  Check your answer


Example:  
Solve, graph, give the interval notation and set builder notation for 



following the linear inequalities

a)
2   (  x  (  1  (  5 


b)
2  (  3/4x  (  1  (  2 ¼  

Don’t forget to switch the sense of the inequality if you must multiply or divide by a negative number!


Example:  
Solve, graph, give the interval notation and set builder notation for 



following the linear inequalities


a)
7  (  -(x  +  5)  (  2



b)
3  <    -x  (  5    (  6





   





    3

Now we’ll go over some word problems.  These aren’t any different than those we’ve encountered so far, but we have some more translations that we must be aware of.

Translations


at least ( (

more than (  >


minimum (  (

maximum  (  (

between (  compound in standard form  (  small <  x  <  large


Example:
If your grade in this course is to be determined from the average 




percentage of the scores on four tests and you receive a 90, 96 and 




an 87 on the first three, what must you earn on the last to get at 




least an A (90% or above) as your average test score?


Example:
Profit is described as revenue minus operating costs.  If the Honey 




Treat Yogurt Shoppe has a fixed operating cost of $12,987 per 




month, what must their revenue be in order to generate a profit 




between $3,000 and $5,500 per month (the amount the owner wishes to 



make as his salary per month).
§2.5  Formulas and Literal Equations
Objectives

· Formulas

· Geometry

· Circles, Triangles & Rectangles

· Temperature

· Celsius & Fahrenheit

· Profit

· Solving for 1 Variable in a Formula

· Pythagorean Theorem
Sometimes word problems will involve a relationship that already has a known formula.  In this case it is our job to figure out the known formula being asked of us, the quantities that are given and solve the problem for the unknown quantity.

Once we identify the formula needed to solve a  problem, then we need only evaluate and solve the formula with the information given in the problem at hand.

Some common formulas are:

Geometry Formulas:



Perimeter of





Rectangle

P = 2l   +  2w






where l = length  and   w =  width



Square


P =  4s






where s = side length



Triangle

P  =  s1  +  s2  +  s3






where s1, s2 & s3 = side lengths



Circumference of Circle







C  =  2(r  =  (d






where ( = pi ( 3.14 or 22/7






           r = radius (distance from center to outside)






           d = diameter = 2r 








(distance from one side to other through the center)


Area Of





Rectangle

A = l ( w




Square


A = s2



Trapezoid

A = 1/2 h(B1  +  B2)






where h = height (from base to base at right ()






          B1 & B2 = bases (parallel sides)



Circle


A  =  (r2



Triangle

A  = ½ bh






Where h = height (from a vertex to a side forming 








      a right ().







b = base (side that height meets)

Volume of




Rectangular Solid
V  =  l (w (h




Cube


V  =  s3



Cylinder

V  =  (r2h




Sphere


V  =  4/3(r3



Square or Rectangular Pyramid







V  = 1/3 l (w(h

Degrees Fahrenheit & Celsius

F =  9/5  C  +  32
where C = Degrees Celsius

C =  5/9(F  ( 32)
where F = Degrees Fahrenheit
Profit & Revenue


P  =  R  (  C

where P =  Profit (money made) 





          R = Revenue (money coming in)




          C = Cost (money spent)
Simple Interest

I = PRT

where P = Principle , R =  Rate   and T = Time

Distance

d = r ( t

where d = distance, r = rate  and  t = time


Example:
For the purpose of purchasing new baseboard and carpet,

a) Find the area and perimeter of a rectangular room measuring 11.5 

feet by 9 feet.

b) For which would you need to find the perimeter?  The baseboard 

or the carpet?


Example:
Mildred traveled the first 120 miles in 3 hours.  What was her 
speed?  How long would it take her to travel 400 miles at the same 
speed?

Example:
If it is 52( F, what is the temperature to the nearest degree in 
Celsius?

Example:
If it is 27( Celsius, to the nearest degree what is the temperature in 
Fahrenheit?

Also in this section we will find problems where we must solve for a single variable when there are multiple variables present.  We will see this throughout the book.  This is a really important skill to possess to solve formulas for the variable that you are interested in so that you don’t have to repeatedly solve the same algebraic equation.  This comes up in many science classes/disciplines.
Solving for Variables when More Than One Exists

Focus on variable!! (highlight the one that you are solving for)
Focus on isolating the one variable!!!


What is added to (subtracted from) the one variable of focus



Undo this by addition property (adding the opposite)

What is multiplied by (what is it divided by) the one variable of focus



Undo this by using the multiplication property (mult. by reciprocal)

Example:
a)
Solve 
T  =  mnr

for n



b)
Solve    3x  +  y  =  7

for y



c)
Solve    A  =  P  +  PRT  
for R



d)
Solve
S  =  2πrh  +  2πr2
for h



e)
Solve
y  (  4  =  2(x  +  5)
for x
Now that we have discussed solving formulas for other variables, lets look at a problem from your book where they put this skill to work in conjunction with the use of a formula.


Example:
We know that P  =  R  (  C
 where  P = Profit, R = Revenue & 









C = Cost




a)
Solve for Revenue and for Cost




b)
Fill in the following table for Joe’s Pizza Parlor

	Profit
	Revenue
	Cost

	$500
	
	$250

	
	$1000
	$725

	$135
	$1575
	





c)
For Row 1 which version of the formula was easiest to use?




d)
For Row 2 which version of the formula was easiest to use?




e)
For Row 3 which version of the formula was easiest to use?

Before we discuss our last item, the Pythagorean Theorem, let’s review roots.

Square root 
This “undoes” a square.  It gives us the base when the exponent is 2!  The 2 is an unspoken 2, and could appear above and to the left of the radical (this is called an index).

(
-
Radical Sign

(4
-
The 4 is called the radicand

(4
-
The entire thing is called a radical expression (or just radical)

(
-
The n is the index.  It is unwritten for a square root where it is assumed to be 2.



Example:
(4  (  (?)2  =  4
The ? is the square root of 4.  It is the base 

that when raised to the second power will yield the radicand 4.
A square root has both a positive and a negative root (a root is the answer to a radical expression).  The positive square root is called the principle square root and when we think of the square root this is generally the root (answer) that we think about, but both a positive and negative square root exist.  Your book, when it asks for the square root of a number is asking for the principle square root, but I think that it is best if you put yourself in the habit of thinking of both the positive and negative roots to a square root!

Good Idea to Memorize

12  =  1;  22  =  4;  32  =  9;  42  =  16;  52  =  25;  62  =  36;  72  =  49;  82  =  64;  92  =  81;  102  =  100;  112  =  121;  122  =  144;  132  =  169;  142  =  196;  152  =  225;  162  =  256;  252  =  625

Note:  There is no real number that is the square root of a negative number, and so your answer to such a question at this time would be: not a real number. In Algebra or Intermediate Algebra you will learn how to deal with square roots of negative numbers.
Example:
Find the root of the following where possible.  If there is not a real 



numbered solution, so state.

a)
(256


b)
((144


c)
((625

Note:  The negative square root has a solution that is a real number, but the square root of a negative does not!
d)
(1/16


e)
(4/9


f)
(0

The Pythagorean Theorem is a theorem (giving an equation) that explains the relationship of the lengths of the sides of a right triangle.  Before we go into this theorem I would like to review the details of a right triangle.  Recall that a right triangle is a triangle with one angle equal to 90(  Since the properties of the sum of angles of any triangle say that the sum of all angles is 180(, it is only possible for any triangle to have at most one right angle.  The names of the sides of a right triangle are very important, and their variable names as well, so I will give them and show an example of a right triangle using the variable names.


Leg – 
There are two legs in a right triangle.  They are the two sides that form the 

right angle.  They are called a and b, when named as variables.


Hypotenuse – 
The hypotenuse of a right triangle is the side opposite the right 

angle.  It is called c, when named with a variable.






The Pythagorean Theorem
The Pythagorean Theorem says that the sum of the squares of each leg is equal to the square of the hypotenuse.  This is very nice because if we know that we are dealing with a right triangle, and know the length of 2 of the 3 sides we can always calculate the length of the other 2 sides.  [This may seem useless to you at this time, but I assure you that it has many applications in fields such as carpentry (even your weekend carpenter, or do-it-yourself home improvement type), civil engineering, architecture, and structural engineering to name a few!]





a2  +  b2  =  c2

Of course we will be using our newly acquired skills of finding approximations for square roots in order to find the length of the missing length.  We will also need to know that in order to find the missing length we will follow the following plan.

Find A Missing Length Using the Pythagorean Theorem
Step 1:  Substitute the known lengths into the appropriate places in the Pythagorean 

  theorem.  (a & b are the lengths of the legs and which is which is not a concern)
Step 2:  Square the known lengths.

Step 3:  Move the constants (the numbers that you just got in step 2) to the right side of the 

  equation by adding the opposite, unless the two constants are the legs and in this 

  case simply add them.

Step 4:  Take the square root of both sides of the equation (this is OK because when you 

 do the same thing to both sides of an equation, the equation does not change).  The variable

 which is squared then becomes a variable standing alone, and when you simplify 

 the radical with the number, you will have solved the equation.


Example:
Find the length of the missing side in the following:



a)
leg = 3   &  leg = 4



b)
leg =  5  & hypotenuse = 12



c)






d)
The shadow of a flag pole is 15 ft. and the flag pole is 25 feet high, 

what is the distance from the end of the shadow to the top of the 

flag pole?



c)
When building our deck, we needed to make sure that the beams 

met our house at a right angle.  To do this we applied the Pythagorean theorem.  The distance between the beams was 2 feet and the length of the beam was 15 feet.  What did the distance from the end of the beam to the house (the hypotenuse of the right triangle) at the next beam have to measure to assure us that the beams were perpendicular?







a = 7





c = 9





b





a





c





n





5
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