
P.1 Real Numbers and Their Properties 
 
Real Numbers are used everyday to describe quantities such as 
age, weight, height, mpg, etc. . .  Some common subsets of real 
numbers are: 
 

Natural numbers   N = {1, 2, 3, 4, 5, 6, 7, 8, . . .} 
Whole numbers   W = {0, 1, 2, 3, 4, 5, 6, 7, 8, . . .} 
Integers    I = {. . . , -4, -3, -2, -1, 0, 1, 2, 3, 4, . . .} 

 
 
Every real number is either a rational 
number or an irrational number. A 
real number is a rational number  if it 
can be expressed as a ratio a/b of two 
integers where b ≠ 0. In decimal 
form, rational numbers either 
terminate (e.g. 1

8 = 0.125) or repeat 
(e.g. 311 = 0.27 ). A real numbers that 
cannot be written as a ratio of two 
integers is called an irrational 
number; in decimal form irrational 
number never terminates and never 
repeats.  Some examples are  
 
 7 = 2.64575312...≈ 2.65 
! = 3.141592654... " 3.14  
 
 
What is the difference between positive and nonnegative numbers? 

Real 
Numbers 

Rational 
Numbers 

Irrational 
Numbers 

Non-integer 
Fractions 

Integers 

Negative 
Numbers 

Whole 
Numbers 

Natural 
Numbers 

Zero 

Subsets of real numbers 



P.1 Real Numbers and their Properties (Page 2 of 33) 

4 0 

4 0 

4 0 

4 0 

4 0 

4 0 

4 0 

Graphs of Solution Sets and Interval Notation 
Since the solution set to a linear inequality is generally an infinite 
set, we can express the solution set as an inequality, a graph, or as 
an interval using what is referred to as interval notation. 
 

In Words Inequality Graph Interval 
Notation 

Numbers less 
than 4 x < 4    

Numbers less 
than or equal to 4 x ! 4    

Numbers greater 
than 4 x > 4    

Numbers greater 
than or equal to 4 x ! 4    

Numbers 
between 0 and 4 0 < x < 4    

Numbers 
between 0 and 4, 
including 4 

0 < x ≤ 4  
 

 

Numbers 
between 0 and 4, 
including 0 and 4 

0 ! x ! 4    

 
 
Absolute Value and Distance 
The absolute value of a number is always 
nonnegative and is a measure of the numbers 
magnitude, or distance from zero. 
 
Example 4 

a.   Evaluate
x
x

 for x > 0  b.   Evaluate
x
x

 for x < 0 

 

a =
a, if a ! 0

" a, if a < 0
#
$
%
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Properties of Absolute Value 
1. a ≥ 0    2. −a = a  
 

3. ab = a b    4. 
a
b
=

a

b
, b ! 0 

 
 
Distance Between Two Points on a Number Line 
Let a and b be real numbers. The distance between a and b on the 
number line is a non-negative number given by 
 

d(a, b) = b− a = a− b  

 
For example, the distance between 2 
and -5 on the number line is 
d(2, ! 5) = 2 ! (! 5) = ! 5 ! 2 = 7  
 
Example 5 
Find the distance between 9 and -4 on the number line. 
 
 
 
 
Definition of an Algebraic Expression 
An algebraic expression is a collection of variables (letters) and 
constants (real numbers) combined with the algebraic operations 
of addition, subtraction, multiplication, division and 
exponentiation. 
 

Examples of algebraic expressions:  12, ! x + 5 , 
2x

y2 − 7y
 

 
 

-5 -4 -3 -2 -1 0 1 2 3 4 5 
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Terms and Coefficients 
The terms of an algebraic expression are the addends of the 
expression. A coefficient of a term is the numerical factor of the 
term. 
 
For example,  
 

 x3 − 2x −15 has three terms, namely ___________________ 
 
 The coefficients of the expression are __________________. 
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Properties of Real Numbers 
 
If a, b, and c are real numbers, then 

Operation 
Property Addition Multiplication 
Commutative 
means order does 
not matter 
 
 
 

Commutative property of 
addition 

Commutative property of 
multiplication  

Associative  
means grouping 
does not matter 
 
 
 

Associative property of 
addition 

Associative property of 
multiplication  

Inverse 
The additive inverse 
is the opposite. The 
multiplicative 
inverse is the 
reciprocal. 

Inverse property of 
addition 

Inverse property of 
multiplication  

Zero 
 
 
 
 
 

Addition property of 
zero 

Multiplication property 
of zero  

One 
 
 
 
 

 Multiplication property 
of one 
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P.2 Exponents and Radicals 
 
Properties of Exponents 
For the following properties, let a and b be nonzero numbers, and 
m, n and p be positive integers. 
 

Property   Example(s) 
1. bmbn = bm+n    3234 =  
 

2. 
bm

bn = bm−n   x5y3

x3y
=  

 
 
3. (bm )n = bm!n    (32)3 =     (ap )2 =  
 
4. (ambn )p = ampbnp  (! 2c2 )4 = [(! 2)1c2 ]4 =  
 
      (3a5b2 )3 =  
 

5. am

bn
!

"#
$

%&

p

=
amp

bnp
  −3x2

y4
⎛
⎝⎜

⎞
⎠⎟

3

=  

 
6. a0 =1,   a ≠ 0   (1+ x4 )0 =     −20 =  
 
7. a2 = a 2 = a2   (−3)2 = −3 2 = (−3)2  =  
 

8. a! n =
1
an

   −2x−4 =  
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Example 1 
Simplify each of the following.  
a. (! 3ab4 )(4ab! 6 ) 
 
 
b. (! 2xy2)3 
 
 
c. 3a(−4a2 )0  
 
 

d. 5x2

y
⎛
⎝⎜

⎞
⎠⎟

2

 

 
 

e. 1
−3x−2  

 
 

f. 
12a3b! 4

4a! 2b
 

 
 
g. (−x3 )2  
 
 

h. ! 4a2

b! 1

"

#$
%

&'

! 2
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Example 2 
Scientific Notation, a ! 10n  Decimal Notation 

0.00000542  

7,490,026  

 −8.42×10−5  

 3.298! 10" 5  
 
 
 
Properties of Radicals 
1. amn = an( )m

   823 = 83( )2
=  

 
2. an bn = abn    4 9 = 36 =  
 

3. an

bn
= a

b
n     645

25
=  

 
4. anm = amn    1534 =  
 
5. If n is even ann = a   (! 7)2 =  
 
 If n is odd   ann = a   (! 7)33 =  
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Simplifying Radicals 
A radical expression is in simplest form when: 
1. All possible factors have been removed from the radical. 
2. The denominator is rationalized so that no radical is in the 

denominator. 
3. The index of the radical is as small as possible. 
 
Example 3 
Simplify each of the following.  
a. 8 2      b. 533  
 
 
 
 
c. b55       d. c66  
 
 
Example 4 
Simplify each of the following.  
a. 484       b. 75x3  
 
 
 
 
c. (5x)44      d. 243  
 
 
 
 
e. 54a43      f. ! 40x63  
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Example 5 
Simplify each of the following. 
a. 2 48 ! 3 27     b. 16x3 ! 54x43  
 
 
 
 
 
 
 
 
 

c. 
5
2 3

      d. 
2
53

 

 
 
 
 
 
 
 
 
 

e. 
2

3+ 7
     f. 

3

5 + 6
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Definition of Rational Exponents 
1. a1/n = an     read “the nth root of a” 
 
2. am/n = amn = an( )m

  am/n = apower /index  
 
Example 6 
Rewrite each radical expression in exponential form, visa versa. 
 

Radical Form Exponential Form 

53   

(3xy)5   

2x x34   

 (x2 + y2 )3/2  

 2y3/4z1/4  

 a−3/2  

 b0.2  
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Example 7 
Simplify each of the following. 
a. (! 32)! 4/5  
 
 
 
b. (−5x5/3 )−4/5  
 
 
 
 
c. a39  
 
 
 
 
d. 1253  
 
 
 
 
e. (2x −1)4/3(x −1)−1/4  
 
 
 
 

f. 
x ! 1

(x ! 1)! 1/2
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P.3 Polynomial, Factoring, and Special Products 
 
Definition of a Polynomial in x 
Let a0 , a1 , a2 , . . ., an! 1, an be real numbers and n be a nonnegative 
integer. A polynomial in x is an expression in the form 
 

 anx
n + an−1x

n−1 +É + a1x + a0  

 

where an ≠ 0 . The polynomial is of degree n, an  is the leading 
coefficient, and ao is the constant term. The terms of a 
polynomial written in standard form have descending exponents. 
 
Example 1 

Polynomial Standard Form Degree Leading 
Coefficient 

−x2 + 2x9 − 5x+ 4     

16− 25x2     

15    

 
 
Examples of Non-Polynomials   

x3 + 5x ! 18x+ 2  −x3 + 5
x

  2x    log2 x  

 
Example 2 Add and Subtract Polynomials 
Perform the indicated operations and simplify. 
a. (5x3 ! 7x2 ! 3)+ (x3 + 2x2 ! x + 8) 
 
 
 
b. (7x4 ! x2 ! 4x + 2) ! (3x4 ! 4x2 + 3x)  
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Example 3 Multiply Polynomials 
Perform the indicated operations and simplify. 
a.  (3x ! 2)(5x+ 7)    b.  (x2 − 4x + 2)(4x2 + 3x + 5) 
 
 
 
 
Special Products 
1.  Sum and Difference of the Same Terms 
(u + v)(u ! v) = u2 ! v2    e.g. (x + 5)(x − 5) =  
 
        (3a− 2)(3a+ 2) =  
 
        (2c − 5d)(2c + 5d) =  
 
2.  Square a Binomial 
(u + v)2 = u2 + 2uv + v2    e.g. (x + 3)2 =  
 
        (2a+ 5)2 =  
 
(u − v)2 = u2 − 2uv + v2    e.g. (y− 7)2 =  
 
        (2n− 7m)2 =  
 
3.  Cube a Binomial 
(u + v)3 = u3 + 3u2v+ 3uv2 + v3   e.g. (x + 3)3 =  
 
        (2a + 5)3 =  
 
(u− v)3 = u3 − 3u2v+ 3uv2 − v3   e.g. (y ! 7)3 =  
 
        (2n − 7m)3 =
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Example 5 
Find the product of 5x + 9  and 5x ! 9. 
 
 
 
 
 
Example 6 
Find (6x− 5)2 . 
 
 
 
 
 
Example 7 
Find (3x + 2)3 . 
 
 
 
 
 
 
 
 
Example 8 
Find the product of x + y − 2  and x+ y+ 2 . 
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Example 9 
An open top box is made by cutting squares 
with side length x from each corner of a 16 
inch by 20 inch piece of cardboard and 
folding the sides up. 
a. Find the formula for the volume of the 

box in terms of x.  
 
 
 
 
 
 
b. Find the volume of the box when x = 1, 

2 and 3 inches. 
 
 
 
 
 
 
  

x 
 

x 
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Factoring Polynomials 
The process of writing a polynomial as a product is called 
factoring. 
 
Example 1 
a. Factor 2x ! 10   
 
 
 
 
b. Factor 6x3 − 4x   
 
 
 
 
c. Factor ! 4x2 +12x ! 16   
 
 
 
 
d. Factor x3 − x2 + 4x− 4   
 
 
 
 
e. Factor x3 ! x2 ! 4x+ 4  
 
 



P.3  Factoring Polynomials (Page 18 of 33) 

Difference of Two Squares 
u2 − v2 = (u+ v)(u− v)    4x2 − 9y2 = (2x)2 − (3y)2 =  
 
Perfect Square Trinomials 
u2 + 2uv+ v2 = (u + v)2    x2 + 6x + 9 =  
u2 − 2uv + v2 = (u − v)2    4a2 ! 12a + 9 =  
 
Sum or Difference of Two Cubes 
u3 ! v3 = (u ! v)(u2 +uv+ v2 )   x3 − 8 =  
u3 + v3 = (u + v)(u2 − uv + v2 )   27x3 + 64=  
 
Example 2 
a. Factor 3−12x2  
 
b. Factor (x+ 2)2 − y2  
 
c. Factor 16x4 − 81 
 
d. Factor x2 −10x + 25  
 
e. Factor 16x2 + 24x + 9 
 
f. Factor x3 − 27  
 
g. Factor y3 + 8  
 
h. Factor 3x3 +192  
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Example 3 
a. Factor x2 ! 7x +12 
 
 
 
 
 
b. Factor 2x2 + x ! 15  
 
 
 
 
 
 
c. Factor 2x2 + 5x ! 3  
 
 
 
 
 
 
d. Factor 3x2 − 5x + 2  
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P.4 Rational Expressions 
 
Domain 
The set of real numbers for which an expression is defined is the 
domain of the expression. 
 
Example 1 
a. Find the domain of  x2 − 7x+12 
 
 
b. Find the domain of  x− 5  
 
 

c. Find the domain of x+ 3
(x ! 4)(x+ 5)

 

 
 
 
 
Rational Expression and its Simplest Form 
A rational expression is the quotient of two polynomials. A 
rational expression is in simplest form when the numerator and 
denominator have no common factors other than 1 and -1. 
 
Example 2 
Write each expression in simplest form.  Make sure to note any 
domain restrictions. 

a. 
x2 + 4x ! 12
3x ! 6

    b. 
12+ x− x2

2x2 − 9x+ 4
 



P.4 Rational Expressions (Page 21 of 33) 

Example 3 Add, Subtract, Multiply and Divide 
Perform the indicated operation and write each expression in 
simplest form.  Make sure to note any domain restrictions. 

a. 
2x2 + x − 6
x2 + 4x − 5

⋅ x
3 − 3x2 + 2x
4x2 − 6x

    

 
 
  
 
 

b. 
x3 − 8
x2 − 4

÷ x2 + 2x+ 4
x3 + 8

 

 
 
 
 
 

c. x
x ! 3

!
2

3x+ 4
 

 
 
 
 
 
 

d. 3
x−1

− 2
x
+ x+ 3

x2 −1
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Example 4 Simplify Complex Fractions 
Perform the indicated operation and write each expression in 
simplest form.  Make sure to note any domain restrictions. 
2
x

! 3

1 !
1

x ! 1

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example 5 Rewriting a Difference Quotient 
Rewrite by rationalizing the numerator. 
x + h − x

h
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Example6 Add, Subtract, Multiply and Divide 
An expression is not simplified if it has negative exponents. To 
factor an expression with negative exponents, try factoring out the 
common factor with the smallest exponent. 
a. Simplify 3x ! 5/2 ! 2x ! 3/2    
 
 
 
 
 
 
 
 
 
b. Simplify x(1 ! 2x)! 3/2 + (1 ! 2x)! 1/2  
 
 
 
 
 
 
 
 
 
 

c. Simplify 
(4 ! x2 )1/2 + x2(4 ! x2 )! 1/2

4 ! x2  
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P.5 Cartesian Plane 
 
Example 1 
The amounts A (in millions of dollars) spent on 
skiing equipment in the U.S. are shown in the 
table. Make a scatter plot of the data. Label and 
scale the axes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pythagorean Theorem 
The triangle shown is a right 
triangle with hypotenuse c if and 
only if a2 + b2 = c2  
 

Year, t Amount, A 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 

475 
577 
521 
569 
609 
562 
707 
723 
718 
648 
495 
476 
527 
464 

a 

b 
c a2 +b2 = c2  
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The Distance Formula  
The distance between the points 
(x1, y1)  and (x2 , y2 )  in the plane 
is  
 
 d = (x2 ! x1)

2 + (y2 ! y1)
2 .  

 
 
 
 
The Midpoint Formula 
The midpoint of the line segment 
connecting the points (x1, y1)  and 
(x2 , y2 )  is  

 x1 + x2
2

, y1 + y2
2

⎛
⎝⎜

⎞
⎠⎟ . 

 
 
 
 
Example 3 
Find the distance between the 
points (-2, 1) and (3, 4). Then 
find the midpoint of the line 
segment connecting the points. 
 
 
 
 
 

d 

(x1, y1)
 

(x2, y2 )  

x 

y 

(x1, y1)
 

(x2 , y2 )  

x 

y 

4 

4 

-4 

-4 
x 

y 
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Example 4 
Find the distance between the points 
(-5, -3) and (9, 3). Then find the 
midpoint of the line segment 
connecting the points. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example 5 
Show that the points A(4, 0), 
B(5, 7), and C(2, 1), are 
vertices of a right triangle. 
 
 
 

-5 
 

-5 
 

5 
 

5 
 

x 
 

y 
 

-5 
 

-5 
 

5 
 

-5 
 

x 
 

y 
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Standard Form of the Equation of a Circle 
The point (x, y) lies on the circle of radius r 
and center (h, k) if and only if  
 
  

� 

r 2 = (x − h)2 + (y − k)2. 
 
This equation is called the standard form of 
the equation of a circle. 
 
 
 
Example 8 Fill in the following table. 

Standard form of the equation of a circle 

� 

r 2 = (x− h)2 + (y− k)2 
Center 
(h, k) 

Radius 
r 

 (2, -1) 4 

 (0, 0) 5 

(x ! 2)2 + (y ! 3)2 =
16
9

   

x2 + (y + 4)2 = 16    

 
Example 9 
The point (3, 4) lies on a circle whose 
center is at (-1, 2). Write the standard form 
of the equation of the circle. 
 

x 

y 

(x, y) 

(h, k) 

r 
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P.6 Representing Data Graphically 
 
Statistics is the branch of mathematics that studies techniques for 
collecting, organizing and interpreting data. In this section we will 
look at several ways to organize data. One of the quickest and 
simplest graphs is the line plot, which uses a portion of the number 
line to order numbers. 
 
Example 1 Constructing a Line Plot 
a. Use a line plot to organize the following set of scores. 
 

 
 
 
 
 

 
 
The frequency of a data value is the number of times a value 
occurs in the data set. The mode is the most frequently occurring 
data value. The range of a data set is the difference between the 
largest and smallest data values. 
 
b. Find the mode and range of the test scores. 
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Histograms and Frequency Distributions 
 

To organize large sets of data, it is useful to group the data into 
intervals and plot the frequency of that data in each interval. A 
frequency distribution is a table that shows the frequency of each 
data interval. A histogram is a bar graph where the bars represent 
a numerical quantity and the bars are not separated by spaces. 
 
Example 2 Constructing a 

Histogram 
The table shows the percent of senior 
citizens in each state (and DC) in 2004.  
a. Construct a frequency distribution for 

the data. Use five intervals (bars). 
 

Interval Frequency 
  
  
  
  
  

 
b. Construct a histogram for the data. 
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 Solution 
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Line Graphs 
 

A line graph is similar to a standard coordinate graph. The lines 
show trends over periods of time. 
 

 
 


